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PREFACE 

TO  FIRST  EDITION,  1872. 


QHOULD  experts  in  engineering  complain  that  they  do  not  find 
^  anything  of  interest  in  this  volnme,  the  writer  would  merely 
remind  them  that  it  was  not  his  intention  that  tiiey  abould.  The 
book  has  heen  prepared  for  young  members  of  the  profession  ;  and 
one  of  the  leading  objects  has  been  to  elncidate,  in  plain  English,  a 
few  important  elementary  principles  which  the  savants  have  envel- 
oped in  sach  a  haze  of  mystery  as  to  render  pnrsnit  hopeless  to  any 
bnt  a  confirmed  mathematician. 

Comparatively  few  engineers  are  good  mathematicians ;  and  in 
the  writer's  opinion,  it  is  fortunate  that  snch  is  the  case ;  for  nature 
rarely  combines  high  mathematical  talent,  with  that  pxaotical  tact, 
and  observation  of  outward  things,  so  essential  to  a  successful 
engineer. 

There  have  been,  it  is  true,  brilliant  exceptions ;  but  they  are 
very  rare.  But  few  even  of  those  who  have  been  tolerable  mathe- 
maticians when  young,  can,  as  they  advance  in  years,  and  become 
engaged  in  business,  spare  the  time  necessary  for  retaining  such 
accomplishments. 

Nearly  all  the  scientific  principles  which  constitnte  the  founda- 
tion of  civil  engineering  are  susceptible  of  complete  and  satis- 
factory explanation  to  any  person  who  reaUy  possesses  only  so  much 
elementary  knowledge  of  arithmetic  and  natural  philosophy  as  is 
Bupposed  to  be  taught  to  boys  of  twelve  or  fourteen  in  our  public 
schools.* 

*  Let  two  little  boys  weigh  each  other  on  a  platform  scale.  Then  when  they 
balance  each  other  on  their  board  seesaw,  let  them  see  (and  measure  for  them- 
felTes)  that  the  lighter  one  is  farther  from  the  fence-rail  on  which  their  board  is 
placed,  in  the  same  proportion  as  the  heavier  boy  outweighs  the  lighter  one. 
They  will  then  have  learned  the  grand  principle  of  the  lever.  Then  let  them 
measure  and  see  that  the  light  one  see-saws  farther  than  the  heavy  one,  in  the 
same  proportion ;  and  they  will  have  acquired  the  principle  of  virtual  velocities. 
Explain  to  them  that  equaliti^  ttf  nwmentt  means  nothing  moie^hfln  that  when 
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The  little  that  is  beycmd  this,  might  safely  be  intrnsted  to  the 
savants.  Let  them  work  out  the  resnlts,  and  give  them  to  the  engi- 
neer in  intelligible  language.  We  conld  afford  to  take  their  words 
for  it,  becanse  such  things  are  their  specialty ;  and  because  we 
know  that  they  are  the  best  qualified  to  investigate  them.  On  the 
same  principle  we  intrust  our  lives  to  our  physician,  or  to  the 
captain  of  the  vessel  at  sea.  Medicine  and  seamanship  are  their 
respective  specialties. 

If  there  is  any  point  in  which  the  writer  may  hope  to  meet 
the  approbation  of  proficients,  it  is  in  the  accuracy  of  the  tablee. 
The  pains  taken  in  this  respect  have  been  very  great  Most  of  the 
tables  have  been  entirely  recalculated  expressly  for  this  book  ;  and 
one  of  the  results  has  been  the  detection  of  a  great  many  errors  in 
those  in  common  use.  He  trusts  that  none  will  be  found  exceed- 
ing one,  or  sometimes  two,  in  the  last  figure  of  any  table  in  which 
great  accuracy  is  required.     There  are  many  errors  to  that  amount. 


they  seat  themselves  at  their  measured  distances  on  their  see-saw,  they  balance 
each  other.  Let  them  see  that  the  weight  of  the  heavy  boy,  when  multiplied  by 
hia  distance  in  feet  from  the  fence-rail  amounts  to  Just  as  much  as  the  weight  of 
the  light  one  when  multiplied  by  his  distance.  Explain  to  them  that  each  of 
the  amounts  is  in  foot-pounds.  Tell  them  that  the  lightest  one,  because  he  see- 
saws so  much  faster  than  the  other,  will  bump  against  the  ground  just  as  hard  as 
the  heavy  one ;  and  that  this  means  that  their  momentums  are  equal.  The  boys 
may  then  go  in  to  dinner,  and  probably  puzzle  their  big  lout  of  a  brother  who 
has  just  passed  through  college  with  high  honors.  They  will  not  forget  what 
they  have  learned,  for  they  learned  it  as  play,  without  any  ear-pulling,  spanking, 
or  keeping  in.  Let  their  bats  and  balls,  their  marbles,  their  swings,  Ac,  once 
become  their  philosophical  apparatus,  and  children  may  be  taught  {really  taught) 
many  of  the  most  important  principles  of  engineering  before  they  can  read  or 
writa  It  is  the  ignorance  of  these  principles,  so  easily  taught  even  to  children, 
that  constitutes  what  is  popularly  called  "  Thb  Practical  Enqinbbb  ;  *'  which, 
in  the  great  minority  of  cases,  means  simply  an  ignoramus,  who  blunders  along 
without  knowing  any  other  reason  for  what  he  does,  than  that  he  has  seen  it  done 
80  before.  And  It  is  this  same  Ignorance  that  causes  employers  to  prefer  this 
practical  man  to  one  who  is  conversant  with  principles.  They,  themselves,  were 
spanked,  kept  in,  Ac,  when  boys,  because  they  could  not  master  leverage,  equality 
of  moments,  and  virtual  velocities,  enveloped  in  x's,  p's,  Greek  letters,  squaire- 
roots,  cube-roots,  Ac,  and  they  natnrally  set  down  any  man  as  a  fool  who  could. 
They  turn  up  their  noses  at  science,  not  dreaming  that  the  word  means  simply, 
knowing  why.  And  it  must  be  confessed  that  they  are  not  altogether  without 
reason ;  for  the  savants  appear  to  prepare  their  books  with  the  express  object  of 
"preventing  purchasers,  (they  have  but  few  rwders,)  from  learning  y^Jtr> 
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especially  where  tbe  Eecalcalation  was  very  tedious,  and  where, 
oonseqnently,  interpolation  was  resorted  to.  They  are  too  small  to 
be  of  practical  importance. ,  He  knows,  however,  the  almost  impos- 
sibility of  avoiding  larger  errors  entirely;  and  will  be  glad  to  be 
informed  of  any  that  may  be  detected,  except  the  final  onesallnded 
to,  that  they  may  be  corrected  in  case  another  edition  shoald  be 
called  for.  Tables  which  are  absolutely  reliable,  possess  an  in- 
trinsic viMue  that  is  not  to  be  measured  by  money  alone.  With  this 
consideration  the  volume  has  been  made  a  trifle  larger  than  would 
otherwise  have  been  necessary,  in  order  to  admit  the  stereotyped 
sines  and  tangents  from  his  book  on  railroad  curves.  These  have 
been  so  thoroughly  compared  with  standards  prepared  independ- 
ently of  each  other,  that  the  writer  believes  them  to  be  absolutely 
correct. 

In  order  to  reduce  the  volume  to  pocket-size,  smaller  type  haa 
been  used  than  would  otherwise  have  been  desirable. 

Many  abbreviations  of  common  words  in  frequent  use  have  been 
introduced,  such  as  abut,  cen,  diag,  hor,  vert,  pres,  &c,  instead  of 
abutment,  center,  diagonal,  horizontal,  vertical,  pressure,  <&c.  They 
can  in  no  case  lead  to  doubt ;  while  they  appreciably  reduce  the 
thickness  of  the  volume. 

Where  prices  have  been  added,  they  are  placed  in  footnotes.  They 
are  intended  merely  to  give  an  approximate  or  comparative  idea  of 
value  ;  for  constant  fluctuations  prevent  anything  farther. 

The  addresses  of  a  few  manufacturing  establishments  have  also 
been  inserted  in  notes,  in  the  belief  that  they  might  at  times  be 
found  convenient.  They  have  been  given  without  the  knowledge 
of  the  proprietors. 

The  writer  is  frequently  asked  to  name  good  elementary  books 
on  civil  engineering ;  but  regrets  to  say  that  there  are  very  few 
such  in  our  language.  *^  Civil  Engineering,''  by  Prof.  Mahan  of 
West  Point ;  "  Roads  and  Railroads,"  by  the  late  Prof.  Gillespie  ; 
and  the  '* Handbook  of  Railroad  Construction,"  by  Mr.  Gleorge  L. 
Vose,  Civ.  Eng.  of  Boston,  are  tbe  best.  The  writer  has  reason  to 
know  that  a  new  edition  of  the  last,  now  in  press,  will  be  far 
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Buperior  to  all  predecessors ;  and  better  adapted  to  the  wants  of 
the  young  engineer  than  any  book  that  has  appeared. 

Many  of  Weale's  series  are  excellent.  Some  few  of  them  are 
behind  the  times  ;  bat  it  is  to  be  hoped  that  this  may  be  rectified 
in  fature  editions.  Among  pocket-books,  Haswell,  Hamilton's 
Useful  Information,  Henck,  Molesworth,  Nystrom,  Weale,  Ac, 
abound  in  valuable  matter. 

The  writer  does  not  include  Eankine,  Moseley,  and  Weisbach, 
because,  although  their  books  are  the  productions  of  master-minds, 
and  exhibit  a  profundity  of  knowledge  beyond  .the  reach  of  ordi- 
nary men,  yet  their  language  also  is  so  profound  that  very  few 
engineers  can  read  them.  The  writer  himself,  having  long  since 
forgotten  the  little  higher  mathematics  he  once  knew,  cannot.  To 
him  they  are  but  little  more  than  striking  instances  of  how  com- 
pletely the  most  simple  facts  may  be  buried  out  of  sight  under 
heaps  of  mathematical  rubbish. 

Where  the  word  "ton  "  is  used  in  this  volume,  it  always  means 
2240  ft)s. 

There  is  no  table  of  errata,  because  no  errors  are  known  to  exist 

except  two  or  three  of  a  single  letter  in  spelling  ;  and  which  will 

probably  escape  notice. 

John  C.  Tbautwine. 

Philadelphia,  November  13th,  1871. 
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PREFACE  TO  NINTH  EDITION. 

TWENTY-SECOND  THOUSAND,  1886. 


SINCE  the  appeaianoe  of  its  last  edition  (the  twentieth  thoosand) 
in  1883,  the  "  Pocket-Book  "  has  been  thoroughly  revised,  and 
many  important  additions  and  other  alterations  have  been  made. 
These  necessitated  considerable  change  in  the  places  of  the  former 
matter,  and  it  was  denned  best  to  turn  this  necessity  to  advantage, 
and  to  make  a  thorough  re-arrangement,  patting  all  of  the  articles, 
as  far  as  possible,  in  a  rational  order. 

The  list  of  new  matter  and  of  revisioDs  and  extenaions  is  condensed  as 
follows,  1902: 

New  articles  on  the  steam-hammer  pile  driver,  machine  rock  drills,  air  com- 
pressors, high  explosives,  cost  of  earthwork  by  drag  and  wheel  scrapers  and  hj 
steam  excavators,  iron  trestles,  track  tanks,  artesian  well-boring  and  standard 
time,  and  new  tables  of  railroad  curves  in  metric  measure,  circumferences  and 
areas  of  circles,  thermometric  scales,  and  fractions  with  their  decimal  equivalents. 

Articles  revised  and  extended,  on  circular  arcs,  thermometers,  flotation,  flow 
in  pipes,  waterworks  appliances,  velocities,  Ac,  of  falling  bodies,  centrifugal 
force,  strength  of  timber,  strength  of  beams,  riveting,  riveted  girders,  trusses, 
suspension  bridges,  rail  joints,  turnouts,  turntables,  locomotives,  cars,  railroad 
statistics  and  manufactured  articles,  including  columns,  beams,  channels,  angles 
and  tees. 

Most  of  the  new  matter  is  in  nonpareil,  the  larger  of  the  two 
types  heretofore  nsed.  Boldfoced  type  has  been  freely  used  ; 
bnt  only  for  the  purpose  of  guiding  the  reader  rapidly  to  a  desired 
division  of  a  subject.     For  empJuma,  itaUcs  have  been  employed. 

Illustrations  which  were  lacking  in  clearness  or  neatness  have 
been  re-touched  and  re-lettered,  or  replaced  with  new  and  better 
cuts.     The  new  matter  is  very  freely  illustrated. 

New  rules  have  been  put  in  the  shape  of  formulae,  and  many  of 
the  old  rules  have  been  re-cast  into  the  same  form. 
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necessarily  left  in  making  tbe  re-arrangement,  bave  increased  tbe 
number  of  t>ages  about  one-fiitb. 

Tbe  new  index  is  in  stricter  alpbabetical  order  tban  tbat  of 
former  editions,  and  contains  more  tban  twice  as  many  entries, 
altbougb  mucb  repetition  bas  been  avoided  by  tbe  free  use  of  cross- 
references,  witbout  wbicb  tbis  part  of  tbe  work  migbt  bave  been 
indefinitely  extended. 

Tbe  selection  of  articles  of  manufacture  or  mercbandise  for  illus- 
tration, bas  been  guided  by  no  otber  consideration  tban  tbeir  fitness 
for  tbe  purpose,  and  tbe  courtesy  of  tbe  parties  representing  tbem, 
in  supplying  information. 

The  writer  gratefully  acknowledges  tbe  {kindness  of  tbose  wbo 
have  assisted  in  furnishing  and  arranging  data. 

Philadelphia,  January,  1886.  J.  C.  T.,  Jb. 
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PREFACE  TO  EIGHTEENTH  EDITION. 

(SEVENTIETH  THOUSAND,  1902.) 


IN  preparation  for  its  eighteenth  edition,  The  Civil  Engineer's 
Pocket  Book,  the  first  edition  of  which  appeared  thirty  years 
ago,  has  undergone  a  far  more  extensive  revision  than  at  any 
other  time.  More  than  370  pages  of  new  matter  have  been 
added;  and  the  new  edition  is  laxger,  by  about  100  pages, 
than  its  recent  predecessors. 
Among  the  new  matter  in  this  edition  will  be  found: 

Pages 
43-    46  Annuities,  Depreciation,  etc. 
70-    72  Logarithms. 

73-    77  Logarithmic  Chart  and  Slide  Rule. 
80-    91  New  Table  of  Logarithms. 
228-  253  Conversion  Table  of  Units  of  Measurement. 
300-  301  Isogonic  Chart. 
632-  635  Venturi  Meter. 

636  Ferris-Pitot  Meter. 
646  Miner's  Inch. 
649  Water  Consumption  in  Cities. 
668-  669  Cost  of  Water  Pipe  and  Laying. 
745-  764  Digests  of  Specifications  for  Bridges  and  Buildings. 

816  Tie  Plates. 
870-  873  Digest  of  Specification  for  L-on  and  Steel. 
906-  906  Gray  Coliunn. 

914  Trough  Floor  Sections. 
983-  996  Price  List  of  Manufactured  Articles. 
996-1007  Business  Dh-ectory. 
1008-1023  Bibliography. 

The  following  articles  have  been  almost  or  entirely  rewritten: 
New  Pages  Old  Pages 

36-  47  Arithmetic 33-37 

210-211  Specific  Gravity 380-381 

265-266  Time  395 

282-283  Chains  and  Chaining 176 

284-290  Location  of  the  Meridian 177-179 

322-325  Rain  and  Snow 220-221 

368-453  Statics 318  f-361,  370-376 
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New  Pages  Old  Pages 

466-494  Strength  of  Beams   478-520,  528-536 

499  Shearing  Strength 476 

499-500  Torsional  Strength 476-477 

601-503  Opening  Remarks  on  Hydrostatics 222-224 

637-538  Effect  of  Curves  and  Bends  on  Flow  in  Pipes  255-256 

689-744  Trusses 547-614 

856-864  Locomotives 805-810 

865-866  Cars 811-813 

867-869  Railroad  Statistics   814-818 

892-899  I  Beams,  Channels,  Angles  and  T  Shapes 521-527 

930-942  Cement 673-678 

943-947  Concrete 678-682 

954-956  Timber  Preservation   425-425  a 

The  articles  on  arithmetic  are  considerably  extended,  notably 
by  the  addition  of  new  matter  relating  to  interest,  annuities, 
depreciation,  etc.,  including  several  tables. 

The  new  and  greatly  enlarged  table  of  five-place  logalrithms  is 
arranged  in  a  somewhat  novel  form.  In  constructing  this  table, 
the  effort  has  been  to  obviate  the  difficulty,  present  in  all  tables 
where  the  difference  between  successive  numbers  is  constant 
throughout,  that  the  differences  between  successive  logarithms 
of  the  lower  numbers  are  relatively  very  great.  In  the  new  table 
the  differences  between  logarithms  are  much  more  nearly  con- 
stant. For  convenience  in  rough  calculations,  the  old  table  of 
five-place  logarithms,  on  two  facing  pages,  is  retained. 

The  Conviersion  Tables  contain  the  equivalents  of  both  English 
and  metric  units,  and  of  each  of  these  in  terms  of  the  other;  but, 
owing  to  the  extreme  ease  with  which  one  metric  unit  may  be 
converted  into  others  of  the  same  system,  it  has  been  unnecessary 
to  burden  the  table  with  many  of  the  metric  units.  The  tables 
have  been  separately  calculated  by  at  least  two  persons,  and  their 
results  compared  and  corrected.  One  of  these  results  has  then 
been  used  by  the  compositor  in  setting  the  type,  and  the  proofs 
have  been  compared  with  the  other. 

The  new  article  on  the  location  of  the  meridian  is  much  more 
complete  than  its  predecessors,  and  a  new  table  of  azimuths  of 
Polaris,  corresponding  to  different  hour-angles,  has  been  added. 

Perhaps  the  most  radical  and  extensive  of  all  the  changes  in 
this  edition  are  those  in  the  articles  on  Statics,  on  Beams  and  on 
Trusses  These  have  been  almost  entirely  rewritten  and  com- 
pletely modernized.  Under  Trusses,  modern  methods  of  cal- 
culating the   stresses  in   and  the  dimensions   of^t^^^everal 
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members,  and  modern  methods  of  eonstruction,  are  explained, 
and  several  modem  roofs  and  bridges  are  described  and  illus- 
trated. One  of  the  most  notable  features  in  the  new  article 
is  the  digest  of  prominent  modem  specifications  for  bridges 
for  steam  and  electric  railroads  and  for  highways.  The  articles 
on  the  strength  of  beams  are  greatly  simplified  and  brought  into 
harmony  with  modem  methods  of  dealing  with  that  subject. 

In  preparing  the  digests  of  specifications  for  iron  and  steel, 
use  has  been  made  of  the  specifications  recently  adopted 
by  the  American  Section  of  the  International  Association  for 
Testing  Materials;  while  those  of  the  American  Society  of 
Civil  Engineers  and  of  the  recent  report  of  a  Board  of  United 
States  Army  engineer  officers  have  been  similarly  used  in  con- 
nection with  cement. 

The  price  list  of  engineering  materials  and  appliances  has  been 
prepared  merely  as  a  useful  guide  in  roughly  estimating  the  ap- 
proximate costs  of  work,  and  it  is  not  to  be  supposed  that  it  can, 
in  any  important  case,  take  the  place  of  personal  inquiry  and 
correspondence  with  manufacturers  or  their  agents,  nearly  700 
of  whom  are  named  in  the  accompanjring  list  of  names  and 
addresses  of  manufacturers,  etc.  From  its  first  appearance,  the 
Pocket  Book  has  imdertaken  to  give  prices  of  certain  manufac- 
tured articles,  and  addresses  of  those  from  whom  they  may  be 
obtained;  but  these,  scattered  as  they  were  throughout  the 
volume,  were  necessarily  desultory,  and  limited  in  their  extent 
and  usefulness.  It  is  hoped  that  the  present  articles  will  be 
foimd  at  least  an  acceptable  substitute  for  them. 

As  in  preceding  editions,  all  new  work  and  all  revisions  have 
been  the  subject  of  our  personal  attention,  and  "  scissors-and- 
paste  "  methods  have  been  scrupulously  avoided.  Even  in  using 
lists  of  manufactured  articles,  etc.,  although,  their  statements 
have  in  general  been  left  unchanged,  the  matter  has  in  most  or  all 
cases  been  rearranged  and  classified,  to  suit  the  requirements  of 
this  work. 

For  instance,  the  "digests"  of  specifications  for  Cement,  for 
Steel  and  Iron,  for  Railroad  and  Highway  Bridges  and  for  Steel 
Buildings,  are  by  no  means  mere  quotations  from  the  originajs ; 
but,  as  their  name  implies,  the  result  of  careful  digesting  of  the 
contents  of  the  specifications  selected  for  the  purpose;  their 
several  provisions  being  carefully  studied,  in  nearly  all  cases  re- 
worded or  reduced  to  figures,  and  tabulated  inform  convenient 
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for  reference,  the  whole  being  arranged  in  such  logical  order  as  to 
facilitate  reference. 

As  in  all  cases  heretofore,  every  rule  or  formula  and  every 
description  of  methods,  etc.,  can  be  readily  understood  and  ap- 
plied by  any  one,  engineer  or  layman,  understanding  the  use  of 
common  and  decimal  fractions,  of  roots  and  powers,  of  loga* 
rithms,  and  of  sines,  tangents,  etc.,  of  angl^.  On  the  other  hand, 
one  who  is  not  possessed  of  this  very  meager  stock  of  mathemati' 
cal  knowledge  will  hardly  approach  engineering  problems,  even 
aj9  an  amateur;  and  we  have  therefore  followed  the  precedent, 
established  seventeen  years  ago,  of  putting  rules  in  the  shape  of 
formulas,  which  have  "  the  great  advantage  of  showing  the  whole 
operation  at  a  glance,  of  making  its  principle  more  apparent,  and 
of  being  much  more  convenient  for  reference"  (From  Preface  to 
ninth  edition,  1885). 

The  new  matter  is  very  fully  illustrated.  As  heretofore,  all 
cuts  have  been  engraved  expressly  for  this  work. 

As  in  preparing  for  the  ninth  edition  (1885),  all  the  matter 
of  the  book  has  been  rearranged.  This  has  necessitated  a  new 
paging;  and,  in  making  this,  the  lettering  of  pages,  introduced 
from  time  to  time  as  new  editions  have  appeared  in  the  past, 
has  been  ehminated.  The  rearrangement  and  the 'addition  of 
so  much  new  matter  have  of  course  necessitated  the  preparation 
of  a  new  table  of  contents  and  a  new  index. 

In  this,  as  in  all  previous  editions  since  the  eighth  (1883), 
practically  all  new  matter  has  been  set  in  nonpareil,  the  larger  of 
the  two  types  hitherto  used,  and  much  of  the  old  matter  retained 
has  been  reset  in  the  larger  type. 

We  take  pleasure  in  acknowledging  our  indebtedness  to  many 
who  have  kindly  assisted  us  in  our  work,  notably  to  Messrs.  Otib 
E.  Hovey  and  Wm.  M.  White,  of  the  American  Bridge  Co.,  for 
painstaking  examination  of  the  article  on  Trusses;  to  Mr.  C. 
Robert  Grimm  and  Professor  E.  J.  McCaustland  for  similar  as- 
sistance in  connection  with  the  article  on  Statics;  to  Misses  Laura 
Agnes  Wh3rte  and  Louise  C.  Hazen  for  suggestions  respecting 
mathematics  and  astronomy;  and  to  the  following  gentlemen  for 
valuable  information  respecting  the  subjects  named : 

Isogonic  Chart,  Mr.  O.  H.  Tittmann,  Sup't,  U.  S.  Coast  and 
Geodetic  Survey. 

Trusses,  Messrs.  Wm.  A.  Pratt,  Engineer  of  Bridges,  Pennsyl- 
vania Raikoad;  W.  B.  Riegner,  Engineer  of  Bridges,  Philadel- 
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phia  and  Reading  Railway;  Paul  L.  Wolf  el,  Chief  Engineer, 
American  Bridge  Co.;  J.  Sterling  Deans,  Chief  Engineer,  and 
Moritz  G.  Lippert,  Assistant  Engineer,  Phoenix  Bridge  Co. ;  Ralph 
Modjeski,  Northern  Pacific  Railway;  D.  J.  Whittemofe,  Chief 
Engineer,  and  C.  F.  Loweth,  Engineer  and  Superintendent  of 
Bridges  and  Buildings,  Chicago,  Milwaukee  and  St.  Paul  Railway. 

Specifications  for  Bridges  and  Buildings,  Messrs.  C.  C.  Schnei- 
der, Vice  President,  American  Bridge  Company;  J.  E.  Greiner, 
Engineer  of  Bridges  and  Buildings,  Baltimore  and  Ohio  Railroad; 
Theodore  Cooper;  W,  K.  McFarlin,  Chief  Engineer,  Delaware, 
Lackawanna  and  Western  Railway;  Mason  B.  Strong,  Bridge 
Engineer,  Erie  Railroad;  F.  C.  Osbom,  President,  Osbom  En- 
gineering Co. ;  Wm.  A.  Pratt,  Engineer  of  Bridges,  Pennsylvania 
Railroad;  W.  B.  Riegner,  Engineer  of  Bridges,  Philadelphia  and 
Reading  Railway;  W.  J.  Wilgus,  Chief  Engineer,  New  York 
Central  Railroad. 

Locomotives,  Baldwin  Locomotive  Works;  Messrs.  Wilson 
Miller,  President,  Pittsburgh  Locomotive  and  Car  Works ;  Theo. 
N.  Ely,  Chief  of  Motive  Power,  Pennsylvania  Railroad;  A. 
5.  Mitchell,  C.  W.  Buchholz  and  A.  Mordecai,  of  the  Erie  Rail- 
road; Edwin  F.  Smith,  Wm.  Hunter,  A.  T.  Dice  and  Samuel  F. 
Prince,  Jr.,  of  the  Philadelphia  and  Reading  Railway;  and 
Thomas  Tait,  Manager,  Canadian  Pacific  Railway;  and  Major 
E.  T.  D.  Myers,  of  the  Richmond,  Fredericksburg  and  Potomac 
Railroad. 

Cars,  Allison  Manufacturing  Co.,  Harlan  &  HoUingsworth  Co., 
and  Mr.  Jos.  W.  Taylor,  Secretary,  Master  Car  Builders*  Associa- 
tion. 

Railroad  Statistics,  Mr.  Edward  A.  Moseley,  Secretary,  Inter- 
state Conmierce  Commission. 

Iron  and  Steel,  Mr.  Wm.  R.  Webster. 

Cement,  Mr.  Richard  L.  Humphrey. 

Concrete  Beams,  Mr.  Howard  A.  Carson,  Chief  Engineer,  Bos- 
ton Transit  Commission. 

Preservation  of  Timber,  Mr.  O.  Chanute. 

Building  Material,  Mr.  John  T.  Willis. 

John  C.  Trautwinb,  Jr.,^ 
John  C.  Trautwinb,  3d. 
Philadelphia,  October,  1902, 
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MATHEMATICS. 

MATHEMATICAI.  STMBOIA 

+  Plus,  positiye,  add.    1.414+  means  1.414  -f  other  decimals. 

—  Minus,  negative,  subtract.  _ 

±  Plus  or  minus,  positive  or  negative.    Thus,  ^cfi  =  ±  a. 

T  Minus  or  plus. 

X  Multiplied  by,  times.    Thus,  x  X  7  =  x.y  =  x  y;  8  X  4  =  IX 

:  VDividedby.    Thus,  a -i- b  =*  a:  b  =  a/b  =  y* 

:    : :  Proportion.    Thus,  a  :  b  ::  c:  d,  asaiatoft,  soiscto^. 
m=  Equals,  is  equal  to. 
>  Is  ffreater  thaa.    Thus,  6  >  6. 
<  Is  less  than.    Thus,  6  <  6. 
fk  Is  not  equal  to. 
^  Is  greater  or  less  than. 
:9^  Is  not  greater  than. 
^  Is  not  less  than. 
;^  Is  equal  to  or  greater  than. 
^  Is  equal  to  or  less  than, 
oc  Is  proportional  to,  varies  with. 
00  Innnity. 
J.  Is  perpendicular  to. 
^  }  Angle. 
'^  Is  similar  to. 

R  Is  parallel  to. 

V  l^~Root  of.   Thus,  l/oor  r/a~=  square  root  of  a,  -i/  a  ™  3d  or  cube  root  of  a, 

**<Ja  —nth  root  of  a. 
(  )  Parenthesis. 


Brackets. 


Quantities  enclosed  or  covered  by  the  symbol  are  to  be 
taken  together. 


—  Vinculum.   ^ 

'.'  Since,  because. 

,\  Hence,  therefore. 

°  Degrees. 

'  Minutes  of  arc,*  feet. 

"  Seconds  of  arc,*  inches. 

'  "  '"  etc.     Prime,  second,  third,  etc     Distinguishing  accents.     Thus,  a', 

a  prime ;  a",  a  second,  etc 

Circumference      «^^^,«^».  -        *  .    i         ^««rt 

rt  — — — —  =  8.14189265+,  arc  of  semicircle,  or  180°. 

E,  Modulus  of  elasticity. 

e  e,  Base  of  Napierian,  natural  or  hyperbolic  logarithms  =>  2.718281828. 
g,  Acceleration  of  gravity  =  approximately  S2.2  feet  per  second  per  second  >- 
approximately  9.81  meters  per  second  per  second. 

*  Minutes  and  seconds  of  time,  formerly  also  denoted  by  '  and  '\  are  now  de* 
noted  by  m  and  #,  or  by  min  and  sec,  respectively. 
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GREEK  ALPHABET. 


THE  GREEK  AliPHABET. 

This  alphabet  is  inserted  for  the  benefit  of  those  who  have  occasion  to  consult 
scientific  works  in  which  Greek  letters  are  used,  and  who  find  it  inconvenient 
to  memorize  the  letters. 


Greek  letters. 

, 

Name. 

Approximate 
equivalent. 

Commonly  used  to  designate 

Capital. 

Small. 

A 

a 

Alpha 

a 

Angles,  Coefficients. 

B 

^ 

Beta 

b 

m                 it 

r 

y 

Gamma 

g 

"               «     Specific  gravity. 

A 

a 

Delta 

d 

"               ♦♦     Density,  Variation. 
/  Base  of  hyperbolic  logaritlvas  a 
i     2.7182818. 
^  Eccentricity  in  oonic  sections. 

B 

« 

Epsilon 

e  (short) 

Z 

C 

Zeta 

z 

Co-ordinates,  Coefficients. 

H 

1 

Eta 

e  (long) 

K                                  M 

e 

B^ 

Theta 

th 

Angles. 

I 

I 

Iota 

i 

K 

K 

Kappa 

k 

A 

k 

1 

Ancles,  Coefficients,  Latitodt. 

M 

M 

Mn 

m 

M                                  H 

N 

V 

Nu 

B 

U 

S 

^ 

Xi 

X 

Co-ordinates. 

o 

0 

Omicron 

o  (short) 

n 

n 

Pi 

P 

Circumference  +■  radius.* 

p 

P 

Rho 

r 

Radius,  Ratio. 

2 

<r« 

Sigma 

8 

Distance  (space).t 

T 

T 

Tau 

t 

Temperature,  Time. 

Y 

V 

Upsilon 

u  or  7 

« 

* 

Phi 

ph 

Angles,  Coefficients. 

X 

X 

Chi 

ch 

% 

* 

Psi 

ps 

Angles. 

o 

M 

Omega 

0  (lOUfi) 

Angular  velocities. 

*  The  small  letter  «-  (pi)  is  universally  employed  to  designate  the  number  of 
times  (=  3.14159265  . . .)  the  diameter  of  a  circle  is  contained  in  the  circum- 
ference, or  the  radius  in  the  semi-ciifcumference.  In  the  circular  measure  of 
angles,  an  angle  is  designated  by  the  number  of  times  the  radius  of  any  cirde  is 
contained  in  an  arc  of  the  same  circle  subtending  that  angle.  ir  then  stands  for 
an  anffle  of  180°  (=  two  right  angles),  because.  In  any  circle,  w  X  radit»e  =«  the 
semi-circumference. 

The  capital  letter  n  (;h)  is  used  by  some  mathematical  writers  to  indicate  the 
product  obtained  by  multiplying  together  the  numbers  1,  2,  3,  4, 5  . . .  etc.,  up  to 
any  given  point.    Thus,  n4=*lx2X3X4««24. 

t  The  capital  letter  2  (sigma)  is  used  to  designate  a  mm.  Thus,  in  a  system 
of  parallel  forces,  if  we  call  each  of  the  forces  (irrespective  of  their  amounts)  F, 
then  their  resultant,  which  is  equal  to  the  (algebraic)  sum  of  the  forces,  may  b« 
written  R  =  2  F. 
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ABITHMETIO. 

FACTORS  AND  MUI«TIPIJBS. 

(1)  Factors  of  any  number,  n,  are  nnmbers  whose  product  iB  »  n.  TImib, 
17  and  4  are  factors  of  68 :  so  also  are  84  aud  2 ;  also  17,  2,  and  2. 

<2)  A  prime  nnmber,  or  prime,  is  a  number  which  has  no  factors, 
except  itself  and  1 ;  as  2,  3,  6, 19,  2S&. 

(8)  A  common  ftector*  commoii  cUwIsor  or  conunoii  meattore, 
of  two  or  more  numbers,  is  a  number  which  exactly  diyides  eacn  of  them.  Thus, 
8  is  a  common  divisor  of  6, 12,  and  18. 

(4)  Tlie  liiirbcst  common  fiictor  or  nreatest  common  diwiaor, 
of  two  or  more  numbers,  is  called  their  H.  C.  F.  or  tlieir  O.  C.  D.  Thus,  6  is 
the  H.  C.  F.  of  6, 12,  and  18. 

(5)  To  find  tiie  H.  €•  F.  of  two  or  more  numbers ;  find  the  prime  fsctora 
of  each,  and  multiply  together  those  factors  which  are  common  to  all,  taking 
6Mh  factor  only  once.    Thus,  required  the  H.  C.  F.  of  78, 128,  and  2M. 

78  =  2  X  8  X  13 
126  =  2X8X8X7 
284  =  2X8X8X13 
and  H.  C.  F. :-  2  X  8  —  6. 

(6)  To  find  the  0.  C  F.  of  two  large  numbers ;  dlTide  the  greater  by  the 
less ;  then  the  less  by  the  remainder,  A ;  A  bv  the  second  remainder,  B :  B  by 
the  third  remainder,  C ;  and  so  on  until  there  is  no  remainder.  Hie  last  oifisor 
isthelLCF.    Thus,  required  the  H.  a  F.  of  676  and  782. 

676)782(1 
675 
A  2Xy7)m{2 
414 
B  161)207(1 
Itt 

C^  161(8 
188 
S>  88)46(2       H.  C.  F.  »« D  =  28. 
46 
0 


(7)  A  common  multiple  of  two  or  more  numbers  ia  a  number  which  is 
ixactly  divisible  bj  each  of  them. 

(8)  The  least  common  mnltlple  of  two  or  more  numbers  is  called 


their  Jj.  €.  M. 

(9)  To  And  the  I«.  C.  H*  of  two  or  more  numbers ;  find  the  prime  factors 
of  each.  Multiply  the  factors  together,  taking  each  as  many  times  as  it  is  con- 
tained in  that  nnmber  in  which  it  is  oftenest  repeated.  Thus,  required  ^e 
L.  C.  M.  of  7,  80,  and  48. 

7  =  7 

30=^2X3X6 
48  =  2X2X2X2X8 
L.  CM.  =  7X2X2X2X2X8X6  =  1680. 

(10)  To  find  the  I«.  €•  M.  of  two  large  numbers;  find  the  H.  C.  F.,  as 

above ;  ana,  by  means  of  it,  find  the  other  factors.    Then  find  the  product  of  the 
fiMtors,  as  before.    Thus,  required  t^  L.  G.  M.  of  676  and  782.    As  above, 

H.C.  F,  =28;  ^  =  25;  and^  =  84.    Hence, 

675  =  23  X  26 
782  =  28  X  84 
and  L.  C.  M.  =  28  X  25  X  84  =  19,660. 

FRAenovs. 

(1)  A  common  donomhiator  of  two  or  more  flractions  m  a  oevmon 
multiple  of  their  denominators. 

(S)  The  least  common  denominator,  or  Mm  €•  B.,  of  two  or  more 
fractions  is  the  L.  C.  M.  of  their  denominators. 
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(8)  To  reduce  to  a  eommoii  denominator.   Let 

N  =3  the  new  namerator  of  any  fraction 

n  =  its  old  numerator 

d  a  its  old  denominator 

C  »  the  common  denominator 

Then  ^         C 

N-n^ 

Thus,  f  I  -fi  -|-*    C  =  L.  C.  M.  of  denominators  =»  24. 

^  -  _2_i  =  L><J       ^.    ^       5  X  4  ^  20.    7^7X8       21 
4  24       4  X  6 '' 24'    6  "  6X  4       24'    8       8  X  8  "  24* 

If  none  of  the  denominators  have  a  common  factor,  then  C»the  product  of  all  the 
denominators,  -|  =  the  product,  P,  of  all  the  other  denominators,  and  K  «  P  n, 

Thus,|,J,^^.    C=84 

2        2X4X7        56.1        1X8X7        oi  .  5        gX8X4        -o 
t~         84  ft'  T  84         ""tt'T  U  TTi' 

(4)  Addition  and  Subtraction.  If  necessary,  reduce  the  fractions  to 
a  common  denominator,  the  lower  the  better.  Add  or  subtract  the  numerators. 
Thus, 

^  +  i  =  l  =  i=f  +  i  =  t  =  i-.f  +  l  =  H  +  l^'  =  H  =  »tt; 
l  +  i  =  l  +  l  =  ¥  =  »f 

(5)  Mnitiplication.  Multiply  together  the  numerators,  also  the  denomi- 
nators, cancelling  where  possible.    Thus, 

fof^offof  J-f  X^X-lx-J-f 

(6)  DiTision.    Invert  the  divlBor  and  multiply.    Thus, 

i*J-*x|  =  |=i;   |.i  =  |x^  =  4-»' 

5+|=5xf  =  4^=sf 

(7)  A  fraction  is  said  to  be  in  its  lowest  terms,  or  to  be  simplifledf 
when  its  numerator  and  denominator  have  no  common  factor.    Thus, 

U  «i°>p"fied  =  |. 

(8)  To  reduce  to  lowest  terms.  Divide  numerator  and  denominator 
by  their  H.  C.  F.    Thns,  required  the  lowest  terms  of  ^. 

H.C.F.OfMand  85  =  17,  .nd|-|i|?  =  | 
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(9)  Mnltipliestion.     The  product  bu  as  nwDy  decimftl  placet  as  the 

factors  combined.    Thus, 

Factors :  100  X  3  X  3.6  X  0.004  X  465.21  =  1953.882000 

Number  of  decimal  places:      0  +  0+1+        3+        2=  6 

(10)  DiirUiion.  The  number  of  decimal  places  in  the  quotient  =  those  In 
the  diyidend  minus  those  in  the  divisor.    Thus, 

5.125_  5_6.00_  8_8.e6_  0.42    _  0.4200  _ 

When  the  divisor  is  a  fraction  or  a  mixed  number,  we  may  mnltiplj  both 
dirisor  and  dividend  by  the  least  power  of  10  which  will  make  the  divisor  a 
whole  number.    Thus, 

2.679454  ^  26,794.54  ^  430  17 
0.0062    ~       62  «^l'- 

(11)  To  reduce  a  eommoa  firaetlon  to  deelmal  form ;  divide 
the  numerator  by  the  denominator.    Thus,  ^  =  0.8 ;  l|-  =  I-  =s  1.6. 

Table  1.   Beeimal  eqntiralente  of  eommon  firaetions. 


8tlis 

16fh8 

82d8 

64t]u 

8thi 

16ths 

«. 

Mths 

1 

.015625 

83 

.516626 

1 

2 
3 

.03125 
.046875 

17 

34 
35 

.53125 
.546876 

1 

2 

4 
5 

.0625 
.078125 

9 

18 

86 
37 

.6626 
.678126 

3 

6 

7 

.09876 
.109875 

19 

38 
39 

.69375 
.609876 

1 

2 

4 

8 
9 

.126 
.140626 

5 

10 

20 

40 
41 

.625 
.640826 

5 

10 
11 

.15626 
.171676 

21 

42 
43 

.65626 
.671876 

3 

6 

12 
13 

.1876 
.206126 

11 

22 

44 
45 

.6876 
.703126 

7 

14 
15 

.21876 
.234876 

23 

46 

47 

.71876 
.734876 

2 

4 

8 

16 
17 

.26 
.265626 

6 

12 

24 

48 
49 

.76 
.766626 

9 

18 
19 

.28125 
.296875 

25 

50 
51 

.78125 
.796876 

5 

10 

20 
21 

.3125 
.8281t5 

18 

26 

52 
58 

.8126 
.828126 

11 

22 
23 

.34876 
.859876 

27 

64 

06 

.84376 
.859376 

8 

6 

12 

24 
25 

.876 
.890626 

7 

14 

28 

66 
57 

.876 
.890626 

13 

26 

27 

.40626 
.421876 

29 

58 
59 

.90626 
.921876 

7 

14 

28 
29 

.4375 
.453126 

15 

80 

60 
61 

.9375 
.953126 

15 

30 
31 

.46875 
.484375 

81 

62 
63 

.96875 
.984376 

4 

8 

16 

82 

.5 

8 

16 

82 

64 

1. 

(19)  To  rednee  a  deeimal  fk>aetlon  to  eommon  form.    Supply 
the  denominator  (1),  and  reduce  the  resulting  fraction  to  its  lowest  terms.  Thus : 

026  =  ^-  ?^-^.    075=  ^-^.     0890625-    ®*^^   -  ^"^ 

^•^^i:oo-ioo-4'  ^-^^"ioo-i'  ®-^^^  "  1000000  "  64* 
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(18)  RecnrrlnflT*  cirenlatiiiir,  or  repeattngr  deeimals  are  those  in 
which  certain  digits,  or  series  of  digits,  recnr  indefinitely.  Thus,  4  =>  0.33SS...., 
and  so  on ;  A^  =■  1.^8871428571 ,  and  so  on.  Recurring  decimals  may  be  in- 
dicated thus :  0.3, 1.428571 ;  or  thus :  0.*3,  l.*428571. 

RATIO  AITB  PROPORTIOir. 

(1)  Ratio.  The  ratio  of  two  quantities,  as  A  and  B,  is  expressed  by  their 
quotient,  ^  or  —.    Thus,  the  ratio  of  10  to  5  is  =  ~  =»  2 ;  the  ratio  of  5  to  10 

Jt5        A  0 

A* 

(2)  Dnplleate  ratio  is  the  ratio  of  the  squares  of  numbers.    Thus,  g-^ 

is  the  duplicate  ratio  of  A  and  B. 

(3)  Proportion  is  equality  of  ratios.  Thus,  1^  =  1^.  =.  ^A^  =  2. 
In  the  figure,  which  represents  segments,  A,  B,  C,  and  D,  between  parallel  lines ; 
A:B::C:D,or^  =  5. 

(4)  The  first  and  fourth  terms,  A  and  D,  are  called  the  extremes,  and  the 
second  and  third,  B  and  C,  are  called  the  means.  The  first  term,  A  or  G, 
of  each  ratio,  is  called  the  anteeedent,  and  the  second  term,  B  or  D,  is  called 
the  consequent.    D  is  called  the  fourth  proportional  of  A,  B,  and  C. 

(5)  In  a  proportion,  A  :  B  =  C  :  D,  we  have : 

Product  of  extremes  =  product  of  means.  A  D  »■  B  C. 

At*        *i         A        C     A        B 
Alternation,    g  =»  ^;   ^  -  ^ 

B       D      B       A      D        C 
Inversion.    ^  =-  C'    D  ^  C'    B  =  A 

^  .,.         A  +  B       C+D      A  +  B        C  +  D 

CJomposition.    -^  =  -^-  ;    -^-   =  -3- 

_.  ,,         A  —  B       C-D      A  —  B       C  —  D 
Division.    __  »  -^  .    -^-  =  --^. 

r,  1^1  J  j«  i  »  A  +  B        C  +  D 

Composition  and  division.        _  j.  =a  ^^ry 

We  have,  also : 
m  A  _  A  ^  C       »A  _  nC,    mA  ^  wC.    A^  _  C^.    ^/a       */c 
mB^B'^D'^nB       »D'    nB        n  D  '    b^^D**'    "y'B  "*  *i/D 

(0)  If,  in  the  proportion,  A  :  B  =  C  :  D,  we  have  B  =  C  =  m,  then  A  :  m  m 
in  :  D,  or  —  =  -  orm  >  —  A  D,  or  w  =  t/A  D. 

(7)  In  such  cases,  m  is  called  the  mean  proportional  between  A  and  D, 
and  D  is  called  the  tbird  proporti4»nal  of  A  and  m. 

A  eontinned  proportion  is  a  series  of  equal  ratios,  as 

A  :  B  =  C :  D  =  E  :  F,  etc.  =  R  J   or  ^  =  ^  =  |,  etc.  -  R 
In  continued  proportion, 

A  -f  C  +  E  -f  eta  _A_C_E 
B  +  D  +  F  +  etc.  -  B  -  D  -  F®^-  -  *^ 
..AC       A'        C       A"        C"  AA^A^  _  C  C^  C^ 

*       B  ~  D*     b'  ^  D'*'     B^'  "■  D"'  B  B'  B"  ~  DD'D"*    ' 

(8)  Let  A,  B,  and  G  be  any  three  numbers.    Then 

A       A    B      ^A       A    C 
C^BC'^°^B°  CB- 

♦0.*3,  1.H28571,  etc.,  sUnding  for  0.3333....,  1.428671428571....,  etc. 
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(•)  Reeiproeal  or  tnr^rme  pM^^rtloa.     Twd  qaantities  are  said 

to  be  reciprocaUy  or  tMwely  proportional,  when  the  ratio  =  of  two  Talaee,  A 

IS 
B' 
and  B,  of  the  one,  is  «-  the  reciprocal,  j-,t  of  the  ratio  of  the  two  corresponding 

Talues  of  the  other.    Thus,  let  A  =  a  velocity  of  2  miles  per  hour,  and  B  =  8 

miles  per  hour.    Then  the  houn  required  per  mile  are  respectivdy.  A'  »  —  =  4-* 

""»B'  =  5  =  i-    Ho«A:B  =  B':A'.«r|  =  |^or|  =  |  =  |=.l-^^ 

(10)  If  two  rariable  numbers,  A  and  B,  are  reciprocally  nroportional,  so  that 
A' :  B'  =  B"  :  A",  the  product,  A'  A",  of  any  two  values  of  one  of  the  numbers 
is  equal  to  the  product,  B'  B"  of  the  two  corresponding  values  of  the  other. 

(11)  The  application  ofproportion  to  practical  problems  is  scmetimes  called 
the  role  or  three.  Thus :  sltiirie  role  of  tlureet  If  8  men  lay  10,000 
bricks  in  a  certain  time,  how  many  could  6  men  lay  in  the  same  time? 

As  8  men  are  to  6  men,  so  are  10,000  bricks  to  20,000  bricks;  or,  10,000 
bricks  X  f  =  20,000  brieks.  / 

If  8  men  require  10  hours  to  lay  a  certain  number  of  bricks,  how  many  honn 
would  6  men  require  to  lay  the  same  number? 

As  6  men  are  to  3  men,  so  are  10  hours  to  5  hours ;  or,  10  hours  x  4  »  5  hours. 

(12)  Doable  rule  <if  three. 

If  8  men  can  lay  4,000  bricks  in  2  days,  how  many  men  can  lay  12,000  bricks 
in  8  days?    Here  4,000  bricks  require  3  men  2  days,  or  •  toan-dirys,  and  12,000 

to  noA 
bricks  will  require  6  X  -^^  =  6  X  8  =  18  man-days  j  and,  as  the  work  is  to  ba 

done  in  3  days,  -^  »  6  men  will  be  required. 


(1)  Arlthmetieal  Prosi^«**ioii.  A  series  of  numbers  la  said  to  be  in 
arithmetical  progression  when  each  number  differs  firom  the  preceding  one  bv 
the  same  amount  Thus,  —2.  —1,  0, 1, 2, 8, 4,  etc,  where  difference  =  1 ;  or  4,  3, 
2, 1,  0,  —1,  —2,  etc,  where  difference  =*  — 1 :  or  —4,  —2,  0,  2,  4.  6,  8, 10,  where 
difference  «  2 ;  or  %  i%,  1,  %,  >i,  ^,  0,  -^,  — >i  etc,  where  diflference  =  -^ 

(2)  In  any  such  series  the  nnral)ers  are  called  terms.  Let  a  be  the  first  term, 
t  tne  last  term,  d  the  common  diffbrence,  n  the  number  of  terms,  and  » the  sum 
of  the  terms.    Then 


Bequired 

I 

adn 

f=.a  +  (n-l)d 

I 

/^_|d±V^2rf#  +  (a^^d)« 

t 

a  d  n 

«  =  ^n[2a  +  (»-l)d] 

a 

die 

a  =  -J-(l±v/(/  +  ^d)»-2d# 

a  d  » 
die 

d-2a±|/(2a  — di«+8d# 

"-                        2d 

2Z  +  d  ±  »^(2/  +  4)«-8d# 

*"                         2d 

(8)  Ctoometrtcal  Progrression.  A  series  of  numbers  is  said  to  be  in 
geometrical  progression  when  each  number  stands  to  the  preceding  one  in  the 
same  ratio.  Thus :  ^,  -J^,  1,  8,  9,  27,  81,  etc,  where  ratio  =  3 ;  or  48,  24, 12,  6, 
S,  1^  |,  |,  etc.,  where  ratio  =-  ^;  or  |^,  l\\,  a|,  sf,  18^,  27,  etc,  where 
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(4)  Let  a  be  the  first  term,  I  the  last  term,  r  the  oonstanl  ratio, » the  Biuabet 
of  terms,  and  a  the  sum  of  the  terms.    Then : 

Required  Gi7en 

I  am  ;=iar**^^* 

o  +  (r  -  1)  * 


I  art  Z= 

I  rn*  I 

9  an  I  i 


ml 


*  »— 1/ —        n— I, — 

yi  -  Va 


an  I  r=-     y  I- 


PERMUTATION,  Kto. 

(1)  Permiitation  shows  in  how  many  positions  any  number  of  things  can 
be  arranged  in  a  row.  To  do  this,  multiply  together  all  the  numbers  used  in 
oounting  the  things.  Thus,  in  how  many  positions  in  a  row  can  9  things  be 
placed?    Here, 

1X2X3X4X5X6X7X8X9  =  362880 positions.    Ans. 

(2)  Combination  shows  how  many  combinations  of  a  few  things  can  be 
made  out  of  a  greater  number  of  things.  To  do  ttiis,  first  set  down  that  number 
which  indicates  the  greater  number  of  things ;  and  after  it  a  series  of  numbers, 
diminishing  by  1,  until  there  are  in  all  as  many  as  the  number  of  the  few  things 
that  are  to  form  each  combination.  Then  beginning  under  the  last  one,  set  down 
said  number  of  few  things  |  and  going  backward,  set  down  another  series,  also 
diminishing  by  1,  until  arriring  under  the  first  of  the  upper  numbers.  Multiply 
together  all  the  upper  numbers  to  form  one  product ;  and  all  the  lower  ones  to 
form  another.    Divide  the  upper  product  by  the  lower  one. 

Ex.  How  many  combinations  of  4  figures  each,  can  be  made  from  the  9  figures 
1,  2,  8,  4,  5,  6,  7,  8,  9,  or  from  9  any  things? 

9X8X7X6^80^^ 

1X2X8X4         24         "o  wuiuiu»Mui«.     n^m, 

(8)  AllliTAtlon  shows  the  value  of  a  mixture  of  different  ingredients,  when 
the  quantity  and  yalue  of  each  of  these  last  is  known. 

Ex.  What  is  the  yalue  of  a  pound  of  a  mixture  of  20  lbs  of  sugar  worth  15  eta 
per  lb ;  with  80  fits  worth  25  cts  per  fi>? 
lbs.    cts.     cts. 
80X26  =  750  Therefore,?!^  =  21  cts.    Ans. 

60  fi>s.       1050  cts. 

PEBCSNTAOE,  INTEREST,  ANNUITIES. 

Pereentaire. 

(1)  Ratio  is  often  expressed  by  means  of  the  word  "  per.*'  Thus,  we  speak  of 
a  grade  of  105.6  feet  per  mile,  i.  e.,  per  5280  feet.  When  the  two  numbers  in  the 
ratio  refer  to  quantities  of  the  same  kind  and  denomination,  the  ratio  is  often 
expressed  as  a  percentage  (perAundretfage).    Thus,  a  grade  of  105.6  feet  per  mile, 

^ 

♦  Equations  in^lving  powers  and  roots  are  conveniently  solved  by  means  of 
logarithms.         ' 
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or  per  6280  feet,  Is  eqniyaleiit  to  a  grade  of  0.02  foot  per  foot  *  or  2  feet  per  100 
feet,  or  siiuplj  (since  both  dimensions  are  in  feet)  2  per  100,  or  2  per  "  cent." 

(2)  One-tifttetli,  or  1  per  50,  is  plainly  equal  to  two  hundredths,  or  2  per  hun- 
dred, or  2  per  cent.  Similarly,  >^  =  25  per  cent,  %  =  8  X  25  per  cent  =  75  per 
cent,  etc.  Heuce,  to  reduce  a  ratio  to  the  form  of  percentage,  diyide  100  times* 
the  first  term  by  the  second.  Thus,  in  a  concrete  of  1  part  cement  to  2  of  sand 
and  5  of  broken  stone,  there  are  8  parts  in  all,  and  we  have,  by  weight— f 

Cement   =  ^  -«  0.125  =    12.5  per  cent  of  the  whole. 

Sand        =1  =  0.250=    26.0       "  " 

Stone       »|.  =  0.625=   62.6      "  " 

Concrete  =  f  =  1000  =  100.0      "  " 

(S)  Percentage  is  of  rery  wide  application  in  money  matters,  payment  tot 
service  in  such  matters  being  often  based  upon  the  amount  of  money  involved. 
Thus,  a  purchasing  or  selling  agent  may  oe  paid  a  brokerage  or  commission 
which  forms  a  certain  percent!^  of  the  money  value  of  the  goods  bought  or 
sold ;  the  premium  paid  for  insurance  is  a  percentage  upon  the  value  of  the  good* 
Insured;  etc 

Interest. 

J 4)  Interest  is  hire  or  rental  paid  for  the  loan  of  money.  The  sum  loaned  is 
led  the  principal,  and  the  number  of  cents  paid  annually  for  the  loan  of 
each  dollar,  or  of  dollars  per  hundred  dollars,  is  called  the  rate  of  interest 
The  rate  is  always  stated  as  a  peroentage. 

(5)  If  the  interest  is  paid  to  the  lender  as  it  accrues,  the  money  is  said  to  be 
at  simple  Interest;  but  if  the  interest  is  periodically  added  to  the  princi- 
pal, so  that  it  also  earns  interest*  the  money  is  said  to  be  at  eompoand 
Interest,  and  the  interest  is  said  to  be  compounded. 

Simple  Interest. 

(6)  At  the  end  of  a  year,  the  interest  on  the  principal,  P,  at  the  rate,  r,  is  -■ 
P.r,  and  the  amount.  A,  or  sum  of  principal  and  interest,  is 

A  =  P  +  P  r  =  P  (H-  r). 

(7)  At  the  end  of  a  number, »,  of  years,  the  interest  is  •-  P  r  n  (see  xii^U 
htJid  side  of  Fig.  1),  and 

A  =.  P  +  P  rn  *  P  (1  +  rn). 
Thus,  let  P  =>  $865.82,  r  =  8  per  cent,  or  0.03,  n  =  l  year,  8  months  and  10 
days  =  1  year  and  100  days  =  ^^^  years  =  1.274  years.   Then  A  ■•  P  (1  +  r  ») 
—  $865.82  X  (1  +  0.08  X  1.274)  =  t^.32  X  t08822  »  $898.89. 

(8)  For  the  present  worth,  principal,  or  capitalisation,  P,  of 
the  amount,  A,  we  have 

P=-  — - — 
1  +  rn 

Thus,  for  the  sum,  P,  which,  in  1  year,  8  months,  10  days,  at  8  per  cent. 

"'"".89 


simple  interest,  will  amount  to  $898.89,  we  have  P  —  i  4,  n  08  y  1  274  ""  ^^^^ 
(9)  In  commercial  business,  interest  is  commonly  calenlated  approxl- 
maiely  by  taking  the  year  as  consisting  of  12  months  of  80  days  each.  Then, 
at  6  per  cent.,  the  interest  for  2  months,  or  60  days,  =  1  per  cent;  1  month,  or  80 
days,  =  Hp^  cent.;  6  days  «>  o.l  per  cent.  Thus,  required  the  interest  on 
$1264.86  for  6  months,  28  days,  at  6  per  cent. 

*A>-ac/um,  as  -J-,  •^,  etc.,  or  its  decimal  equivalent,  as  0.126,  0.8126,  etc., 
is  compared  with  unity  or  one;  but  in  pereentage  the  first  term  of  the  ratio  is 
compared  with  one  hwndred  units  of  tlie  second  term.  Mistakes  often  occur 
through  neglect  of  this  distinction.  Thus,  0.06  (six  per  cent  or  six  per  hundred ) 
is  sometimes  mis-read  six  one-hundredths  of  one  per  cent  or  six  one-hun- 
dredths  per  cent. 

t  For  proportions  by  volume,  see  pp  936  and  943. 
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Principal .S1264.35 

Interest,  2  mos,  1  per  cent 12.64 

2mo8,  1       "      12.64 

"        Imo,     i       "      6.32 

"      20  days,  I       "      4.21 

"        6  days,  0.1     "      1.26 

"        2  days,  ^      "      0.42 

Interest  at  6  per  cent ^7.49 

Deduct  one-sixth 6.25 

Interest  at  5  per  cent $81.24 

Equation  of  Payments. 

(10)  A  owes  B  $1200 ;  of  which  $400  are  to  be  paid  in  8  months ;  $600  in  4 
months ;  and  $300  in  6  months ;  all  bearing  interest  until  paid ;  but  it  has  been 
agreed  to  pay  all  at  once.    Now,  at  what  time  must  this  payment  be  made  so  that 
neither  party  shall  lose  any  interest? 
$      months. 

400    X    3    =    1200  .    ..  6000       ^.^         ^.         . 

500    X    4    =    2000         Average  time  =  — -  =±  4%  months.    Ans. 

_800    X    6    =    1800 
1200  6000 


Componnd  Interest. 

(11)  Interest  is  usually  compounded  annually,  semi-annnallj,  or  quarterly. 
If  it  is  compounded  anniudly,  then  (see  left  side  of  Fig.  1) 
at  the  end  of  1  year    A  =  P  (1  +  r) 

-'     ^  '       -^M+rHl+O^Pd+r)* 


2  years  A  «=  P  (1  +  r)  (1  +  r) 
n years  A  —  P  (1  +  r)**;  and 

,  =  A(l+ry 


P-- 


(1  +  r)« 
'  (1  +  r)» 


(12)  If  the  interest  is  compounded  q  times  per  year,  we  have 

(18)  The  principal,  P,  is  sometimes  called  the  present  worth  or  present 

Talne  of  the  amount.  A.    Thus,  in  the  following  table,  $1.00  is  the  present 
worth  of  $2,191  due  in  20  yewrs  at  4  per  cent,  compound  interest,  etc,  etc 


/Google 
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Table  9*   Compound  Interest. 

Amouni  of  $1  at  Compound  Interest. 


8 

^K 

4 

4H 

6 

6>i 

6 

6>^ 

Tem. 

per 

per 

per 

per 

per 

per 

per 

per 

cent. 

cent. 

cent. 

centk 

cent. 

cent 

cent. 

.  cent 

I 

IMO 

1.035 

^.8g 

1.045 

1.050 

1.055 

L060 

1.065 

1.061 

1.071 

1.092 

1.103 

1.113 

1.124 

1.134 

8 

1.093 

1.109 

1.126 

1.141 

1.158 

1.174 

1.191 

1.208 

4 

1.126 

1.148 

1.170 

i.m 

1.216 

t239 

L262 

1.286 

6 

1.199 

1.188 

1.217 

1.246 

1.276 

1,307 

1.338 

1.370 

6 

1.194 

1.229 

1.265 

1.302 

1.340 

1.375 

1.419 

1.459 

7 

1.230 

1.272 

1.316 

1.361 

1.407 

1.466 

1.504 

1.654 

8 

1.267 

1.317' 

1.369 

1.422 

1.477 

1.536 

1.594 

1.655 

9 

1.305 

1.363 

1.4m 

1.486 

1.651 

1.619 

1.689 

1.768 

10 

1.344 

1.411 

1.480 

1.553 

1.629 

1.708 

1.791 

1.877 

11 

1.384 

1.460 

1.589 

1.628 

i.rio 

1.802 

1.808 

1.999 

12 

1.426 

1.611 

1.601 

1.696 

1.796 

1.901 

2.012 

2.329 

IS 

1.469 

1.564 

1.666 

1.77a 

1.S86 

2.006 

1133 

1267 

14 

1.513 

1.619 

1.782 

1.852 

1.980 

2.116 

1241 

1415 
lfe72 

15 

1.568 

1.676 

1.801 

1.935 

2.^79 

2.232 

1397 

16 

1.605 

1.734 

1.873 

2.022 

2.183 

2.356 

t540 

2.739 

17 

1.653 

1.796 

1.948 

2.118 

2.292 

2.486 

1693 

1917 

18 

1.702 

1.858 

1026 

2.208 

2.407 

2.621 

1854 

3.107 

19 

1.754 

1.923 

2.107 

2.308 

2.627 

2.766 

3.026 

3.309 

20 

1.806 

1.990 

2.191 

2.412 

2.653 

2.918 

3.207 

8.624 

81 

1.860 

2.059 

2279 

2.620 

2.786 

8.078 

3.480 

1753 

22 

1.916 

2.132 

2.370 

2.634 

2.925 

3.248 

3.604 

3.997 

23 

1.974 

2.206 

2.465 

2.752 

3.072 

3.426 

3.820 

4.256 

24 

2.033 

2.283 
2.363 

2.563 

2.876 

3.225 

d.6t6 

4.049 

4533 

26 

2.094 

2.666 

3.005 

3.386 

3.813 

4.292 

4.828 

26 

2.157 

9.ms 

2.7V9 

8.141 

8.556 

4.0S8 

4549 

5.141 

27 

2.221 

2.532 

2.883 

3.282 

8.733 

4244 

4.822 

5.478 

28 

2.28B 

2.620 

2.999 

8.430 

a920 

4.478 

6.112 

6.832 

29 

2.967 

2.712 

8.119 

3.584 

4.116 

4724 

6.418 

6.211 

80 

2.427 

2.807 

3.243 

8.745 

4.322 

4.984 

6.743 

6.614 

81 

2.500 

2.905 

8.878 

8.914 

4.538 

6.258 

6.088 

7.044 

82 

2.575 

3.007 

&6tt9 

4.090 

4.766 

5.547 

6.453 

7.502 

88 

2.662 

3.112 

3.648 

4.274 

5.008 

5.852 

6.841 

.7.990 

84 

2.732 

8.221 

8.794/ 

4.466 

6.253 

6.174 

7.251 

8.509 

85 

2.814 

3.334 

8*946 

4.66T 

5.616 

6.514 

7.686 

9.062 

88 

2.898 

3.450 

4.104 

4877 

5.792 

6.872 

8.147 

9.651 

87 

2.985 

3.671 

4.268 

6.097 

6.081 

7.250 

8.636 

10.279 

88 

3.075 

3.696 

4.439 

5.326 

6.385 

7.649 

9.154 

10.947 

89 

3.167 

3.825 

4.616 

6.666 

6.705 

8.069 

9.704 

11.658 

40 

8.262 

3.959 

4801 

5.816 

7.040 

8.513 

10.286 

11416 

Compound  interest  on  M  dollars,  at  any  rate  r  for  n  years  =  M  X  compound 
interest  on  9i  at  same  rate,  r,  and  for  »  years. 

Annuity,  Sinking^  Foncly  AmortfsAttony  I>epreclatlon> 

(14)  Under  "Interest"  we  deal  with  eases  where  a  eertain  sum  or  '*^ prin- 
cipal," P,  paid  once  for  all,  is  allowed  to  accumulate  either  simple  or  eomponnd 
interest :  but  in  many  oases  equal  periodical  pf^meats  or  ap|>r(A»riation5»  ealled 
annntttes,  are  allowed  to  accumulate,  each  earning  its  own  interest,  usually 

«>°»P<>"'»'*-  Dgtzed  by  Google 
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(15)  Thus,  a  earn  of  money  is  set  aside  anniiallj  to  accomulato  compound 
interest  and  thus  form  a  sinkings  ftind,  in  order  to  extinguish  a  debt  In 
this  way,  the  cost  of  engineering  works  is  frequently  paid  virtually  in  instal- 
ments.   This  process  is  called  amortisation* 

(16)  In  estimating  the  operating  expenses  of  engineering  works,  an  allowance 
is  made  for  depreciation.  In  calculating  this  allowance,  we  estimate  or 
assume  the  life-time,  n,  of  the  plant,  and  find  that  annuity,  p,  which,  at  an 
assumed  rate,  r,  of  compound  interest,  will,  in  the  time  n,  amount  to  the  cost  of 
the  plant,  and  thus  provide  a  fund  by  means  of  which  the  plant  may  be  replaced 
when  worn  out  or  superseded. 

(17)  The  present  worth,  present  waine,  or  eapltalf satlon,  W, 
Fig.  2,  of  an  annuity,  p,  for  a  given  number,  n,  of  years,  is  that  sum  which,  if 
now  placed  at  compound  interest  at  the  assumed  rate,  r,  will,  at  the  end  of  that 
time,  reach  the  same  amount,  A,  as  will  be  reached  by  that  annuity. 


Fiir*i« 

(18)  Eonattons  for  Compoiind  Interest 

Figs,  land 2.) 

P  =  principal ;    r  =»  rate  of  interest ;    n  =  number  of  years ; 
A  =  amount ;     p  =»  annuity ;  W  =  present  Worth. 

The  interest  is  supposed  to  be  compounded,  and  the  annuities  to  be  set  aside, 
at  the  end  of  each  year. 

Compound  Interest. 

(1)  The  amonnty  A»  of  Si,  at  the  end  of  n  years,  see  (11),  ia  A  —  (1  +  r)**. 

(2)  Since  the  present  worth  of  (1  +  r)'^  due  in  n  years,  is  $1,  see  (1),  it 
follows,  by  proportion,  that  the  present  worth,  W,  of  $1,  due  in  n  years, 

ii  W  = ?— -  =  (1  +  r)-«- 


(1  +  r)" 


Annuities. 


(8)  In  n  years,  an  annuity  of  8r  will  amount  to  (1  +  r)*^  —  1.*    Henoe,  the 
amount.  A,  of  an  annuity  of  $1,  at  the  end  of  n  years,  is 


*In  the  case  of  compound  interest  on  $1,  the  rate,  r,  may  be  regarded  as  an 
annuity,  earning  its  interest;  and,  at  the  end  of  n  years,  the  amount  of  the 
several  annuities  (each  =  the  annual  interest,  r,  on  the  9i  principal)  with  the 
interests  earned  by  them,  is  =»  the  amount,  (1  +  r)**,  of  SI  in  n  years  at  rate,  r, 
minus  the  $1  principal  itself;  or,  amount  of  annuity  =  (i  -j-  »)^  —  i.  j 
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<4)  For  the  present  worth,  W,  of  an  anniilt|r  of  fl  for  n  years, 
we  have,  from  Equations  (1)  and  (8) : 


1  —  - 


^  (1  +  r)     r  ^ 

See  Table  8. 

(6)  The  annnlty  for  n  years,  which  $1  will  purchase,  is 

1* 


1  — - 


(1+0* 
(6)  The  annnltj  which,  in  n  years,  will  amount  to  H,  is 

j/  =  j>_r  =  :^  — r. 


rt 


1  — - 


(l+r)--l 


See  Table  4.  (1  +  r)  * 

Table  8.    Present  Talne  of  Ammitjr  of  $1000.    See  Equation  (^. 
Bate  of  Interest  (Compound). 


2^ 

8 

^% 

4 

4K 

6 

6H 

6 

Years. 

per 

per 

per 

per 

per 

per 

per 

per 

cent 

cent. 

cent. 

cent. 

cent. 

cent. 

Oent. 

cent 

5 

4,646 

4,680 

4,916 

4^462 

4,890 

4^829 

4,268 

4,212 

10 

.2'If? 

8,680 

8,816 

8,111 

7,918 

7,722 

7,688 

7,860 

16 

12,381 

11,938 

11,517 

11.118 

10,740 

10,880 

10,037 

9,712 

20 

15,589 

14,877 

14,212 

13,590 

18,008 

12,462 

11,950 

11,470 

26 

18,424 

17,418 

16,482 

15,622 

14,828 

14,094 

18,414 

12,783 

80 

20,980 

1»,600 

18,392 

17,292 

16,289 

15,372 

14,684 

18,766 

S6 

23,145 

21,487 

20,000 

18,664 

17,461 

16,874 

is'lSJ 

14,498 

40 

26,103 

28,116 

21,866 

19,793 

18,401 

17,159 

15,046 

46 

26,838 

24,619 

22yl95 

20,720 

19,166 

17,774 

16,648 

16,456 

60 

28,362 

25,730 

23,456 

21,482 

19,762 

18,256 

16,D32 

16,762 

100 

86,614 

81,599 

27,656 

24,605 

21,950 

19,848 

18,096 

16,618 

(19)  In  comparing  the  merits  of  proposed  systems  of  improvement,  it  is 
usual  to  add,  to  the  operating  expenses  and  to  the  cost  of  ordinary  repairs  and 
maintenance,  (1)  the  interest  on  the  cost,  (2)  an  allowance  for  depreciation,  and 
sometimes  (8)  an  annuity  to  form  a  sinking  fund  for  the  extinction  of  the  debt 
incurred  by  construction.  The  capitalization  of  the  total  annual  exi^nse.  thus 
obtained,  is  then  regarded  as  the  true  first  cost  of  the  construction*  All  the 
elements  of  cost  are  thus  reduced  to  a  common  basis,  and  the  several  p^positions 
become  pr<^rly  comparable. 

(aO)  Thus,  in  estimating,  in  1899,^  the  cost  of  improving  the  water  supply  of 
Pliiladelphia,  the  rate,  r,  of  interest  was  assumed  at  3  per  cent,  and  depreciation 
was  assumed  as  below.  Under  "Life"  is  given  the  assumed  life-time  of  each 
class  of  structure  or  apparatus,  and  under '*  Annuity  "  the  mm  whi(ii  must  be 
set  aside  annually  in  order  to  replace,  at  the  expiration  of  that  ISfe,  81,000  of  the 
corresponding  value. 


Present  wortii     Annuity 
*  Because,  W  $1.00 

.  Equation  (4) 


PreiBent  worth     Annuity 


81.00  :       p. 

Equation  (6) 


Henca,i>- 


W 


Annuity     Amount       Annuity  Amount  ^ 

tBecause,    r  :  (1   +  r)  *  —  1  \\  r/  i  81.00.    Hence,  ^  =«  -r —a — ". 

Equation  (8)  Equation  (6)  d  +  r)     —  1 

tBeport  by  Budolph  Bering,  Samuel  M.  Gray,  and  Joseph^  Wilson. 


u 


AJBOTBMlEnHQ, 


in  yean  I 

Masonry  conduits,  filter  beds,  reservoirs Indefinite  0.00 

Permanent  buildings „      100  1.65 

Cast  iron  pipe,  railroad  side-tracks. 80  8.11 

Steel  pipe,  Talves,  blow-of&,  and  gates 35  16.64 

Engines  and  pumps 30  21.02 

Boilers,^  electric  light  plants,  tramways  and  equipment, 

iron  fences »       20  37.22 

Telephone  lines,  sand-washer,  and  regulating  apparatus....       10  87.24 

(21)  Calculated  upon  this  basis,  two  projects,  each  designed  to  fiirnish  460 
ailli        '^  '  


million  gallons  per  day,  compared  as  follows : 


Unfiltbbed  Watek,  by  Aqubdugt. 
First  Cbtt. 

Storage  reservoirs 930,900,000 

Aqueducts 47,730,000 

Distributiou  3,666,000 

Distributing  reservoir 1,000,000 

Total    $83,185,000 

uxfvfMvCM* 

Interest  on  988,185,000. 92^5,550 

Depreciation ., 198,640 

Operation  and  Maintenance, 
Analyses  and  inspec- 
tion   941,620 

Ordinary  repairs 49,150 

Pumping  and  wages  140,770 

231,540 


BiVBB  Watbb,  taken  within  City 
Limits  and  Filtbbbd. 

JiHret  Cost. 

Filter  plants  ^ «..  928,174,680 

Mains  10,980,000 


Total .. 


.  984,154,680 


AnnuaL 

Interesl  on  984454,680 91,024,640 

Depreciation 206,640 

OperoHon  and  Maintenanee, 

Pumping  ....^..^.91,216,021 

Filtratien.....^. 6^,600 

1,741,621 


92,925,730  92,971,801 

It  will  be  noticed  that,  although  the  first  cost  of  the  filtration  project  was  much  ' 
less  than  half  that  of  the  aqueduct  project,  Its  large  pronortion  of  perishable 
parts  made  its  charge  for  depreciation  somewhat  greater,  wnlle  its  cost  for  oper- 
ation and  maintenance  was  more  than  seven  times  as  great,  and  its  total  annual 
charge  a  little  greater. 

Table  4.    Annuity  required  to  redeem  $1000.    See  Equation  (6). 


Rate  of  Interest  (Compound, 

. 

1 

8 

«K 

8 

^ 

4 

5 

0 

Years. 

per 

per 

per 

per 

per 

per 

per 

per 

cent. 

cenL 

cent 

cent 

cent. 

cent 

cent 

cent 

5 

196.04 

192.16 

190.24 

188.36 

186.49 

184.68 

180.98 

177.89 

10 

95.58 

91.33 

89.25 

87.23 

85.24 

88.29 

79.60 

75.87 

15 

62.12 

57.83 

65.77 

53.77 

51.82 

49.94 

46.84 

42.96 

i 

45.42 

41.16 

89.14 

87.22 

85.36 

83.58 

80.24 

27.18 

35.41 

31.22 

29.27 

27.48 

25.67 

24.01 

20.95 

18.23 

80 

28.75 

24.65 

22.78 

21.02 

19.37 

17.88 

16.05 

12.66 

85 

24.00 

20.00 

18.20 

16.54 

15.00 

13.58 

11.07 

8.97 

40 

20.46 

16.65 

14.84 

13.26 

11.88 

10.52 

6.28 

6.46 

45 

17.71 

13.91 

12.27 

10.79 

9.46 

8.26 

6.26 

470 

50 

15.51 

11.62 

10.26 

8.87 

7.63 

6.56 

4.78 

3.44 

60 

12.24 

8.77 

7.35 

6.13 

6.09 

4.20 

2.83 

1.88 

70 

9.93 

6.67 

6.40 

4.84 

8.46 

2.74 

1.70 

1.08 

80 

8.22 

5.16 

4.03 

8.11 

2.88 

1.81 

1.03 

a578 
0.818 

90 

6.91 

4.05 

8.04 

2.26 

1.66 

1.21 

0.627 

100 

5.87 

3.20 

2.31 

1.65 

1.16 

0.808 

0.383 

0.177 

y  Google 


ABUHHBTld  47 

BUODSNAI.  OB  BUODBITAIIT  ITOTATIOIT.* 

(1)  In  the  Arabic  system  of  notation  10  is  taken  as  the  base,  but  in  duodenal 
notation  12,  or  "  a  dozen,"  is  the  base.  While  10  is  divisible  only  bj5.  and  (onoe 
onlyj  by  2, 12  is  ditisible  twice  by  2,  and  ouce  by  8,  by  4,  and  by  6.  This  accounts 
for  tne  popularity  of  the  dozen  as  a  basis  of  enumeration ;  of  weights,  as  in  the 
Troy  pound  of  12  ounces ;  of  measoves,  as  in  the  foot  of  12  inches :  the  year  of  12 
months,  and  the  half  day  of  12  honis ;  and  of  coinage,  as  in  the  British  shilling 
of  12  pence. 

(2)  The  duodenal  notation  uses  the  dozen  (12),  the  gross  (12*  =  144),  and  the 
great  gross  (12*  —  12  gross  =■  1728),  as  the  decimal  system  uses  the  ten  (10),  the 
hundred  (10«  =  100) ,  and  the  thousand  (10»  =  10  hundred  =  1000).  Two  arbitrary 
single  characters,  such  as  T  and  £,  represent  ten  and  eleven  respectively ;  the 
symbol  10  represents  a  dozen ;  11  represents  thirteen,  and  so  on.  Thus,  the  num- 
erals of  the  two  systems  compare  as  foUows : 

Decimal  12$456789  10  1112  13  14...20  2122282425864860 
Duodenal  1  2  3  4  5  6  7  8  9  T  E  10  11  12  ...  18  19  1T1E20  21  30  40  50 
Decimal  72  84  96  99  100  108  109  110  111  112  113  117  MB  119  120  121  122 
Duodenal  00  70  80  83  84  90  91  92  93  94  95  99  9T  9E  TO  Tl  T2 
Decimal  129  130  131  132  133  138  140  141  142  143  144  288  1728  20736  etc 
Duodenal  T9  TT  T£  £0  El  S6  £8  £9  ET  EE  100  300  1000  10000  etc 

(3)  Dnodeelmals.  Areas  of  rectangular  figures,  the  sides  of  -which  art 
expressed  in  feet  and  inches,  are  still  sometimes  found  by  a  method  cidfled 
"  Duodecimals,'*  in  which  the  products  are  in  square  feet,  in  twelfths  of  a  square 
foot  (each  equal  to  12  square  inches)  aikl  in  square  inches ;  but,  by  means  of  our 
table  of  "  Inches,  reduced  to  decimab  of  a  foot '*  page  221,  the  sides  may  be  taken 
in  feet  and  decimals  of  a  foot,  and  the  multiplication  thus  more  conveniently 

Ser formed,  after  which  the  decimal  fraction  of  a  foot  in  the  product  may,  u 
esired,  be  converted  into  square  inches  by  multiplying  by  144. 

*86e  Elements  of  Mechanics,  by  the  late  John  W.  Nyitron. 
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RECIPROCALS  OP  NUMBERS. 


Table  of  Reelproealii  of  Hnmbers.   See  p.  SZi 


No. 

Beciprooal. 

No. 

Beoipiocal. 

No. 

Reciprocal. 

No. 

Beoiprocftt 

1 

1.000000000 

56 

.017857148 

Ill 

.009009009 

166 

.006024096 

2 

0.500000000 

57 

.017548860 

112 

.008928571 

167 

.005988024 

8 

58 

.017241379 

113 

.008849558 

168 

.005952881 

4 

.250000000 

59 

.016949153 

114 

.008771930 

169 

.005917160 

5 

jaoooooooo 

60 

.016666667 

115 

.008695652 

170 

.005882353 

6 

a66666667 

61 

.016393443 

116 

.008620690 

171 

.005847953 

7 

.142857143 

62 

.016129032 

117 

.008547009 

172 

.005813953 

8 

.125000000 

63 

.015873016 

118 

.008474576 

178 

.005780347 

9 

.llllUlU 

64 

.015625000 

119 

.008403861 

174 

.005747126 

10 

.100000000 

65 

.015884615 

120 

176 

.005714286 

U 

.090909091 

66 

.015151515 

121 

.006264468 

176 

.005681818 

12 

67 

.014925873 

122 

.008196721 

177 

.005649718 

13 

.076923077 

68 

.014705882 

123 

.008180081 

178 

.005617978 

14 

.071428571 

69 

.(^4492754 

124 

.008064516 

179 

.005586592 

15 

.066666667 

70 

.014285714 

125 

.008000000 

180 

.005555566 

16 

.062500000 

71 

.014084507 

126 

.007986508 

181 

.005524862 

17 

.058828529 

72  !  .013888889 

127 

.007874016 

182 

.005494505 

18 

U)55555556 

78 

.013698630 

128 

.007812500 

183 

.005464481 

19 

.052631579 

74 

.013513514 

129 

.007751938 

184 

.005434783 

20 

.050000000 

75 

.013333333 

130 

.007692308 

185 

.005405406 

21 

.047619048 

76 

.018157895 

131 

.007638588 

186 

.005876344 

22 

.045454545 

77 

.012987013 

132 

.007575758 

187 

.005347594 

28 

.043478261 

78 

.012820513 

133 

.007518797 

188 

.005819149 

24 

.041666667 

79 

.012658228 

134  i  .007462687 

189 

.005291005 

25 

.040000000 

80 

.012500000 

185 

.007407407 

190 

U)05263158 

26 

.038461538 

81 

.012345679 

186 

.007352941 

191 

.005285602 

27 

.037037087 

82 

.012195122 

137 

.007299270 

192 

.005208333 

28 

.085714286 

88 

.012048193 

138 

.007246377 

198 

.005181347 

29 

.034482759 

84 

.011904762 

189 

.007194245 

194 

X)05154689 

90 

85 

.011764706 

140 

.007142857 

195 

.005128205 

81 

.032258065 

86 

X)11627907 

141 

.007092199 

196 

.005102041 

82 

.031250000 

87 

J011494253 

142 

.007042254 

197 

.005076142 

83 

.030803030 

88 

.011363636 

148 

.006998007 

198 

.005050505 

84 

.029411765 

89 

.011235955 

144 

.006944444 

199 

.005025126 

35 

.028571429 

90 

.011111111 

145 

.006896552 

200 

.005000000 

86 

.027777778 

91 

.010989011 

146 

.006849815 

201 

.004975124 

87 

.027027027 

92 

.010869565 

147 

.006802721 

202 

.00495049.=> 

38 

.026315789 

93 

.010752688 

148 

.006756757 

208 

.0049261  OH 

39 

.025641026 

94 

.010638298 

149 

.006711409 

204 

.004901961 

40 

.025000000 

95     .010526316 

150 

.006666667 

205 

.004878049 

41 

.024390244 

96     .010416667 

151 

.006622517 

206 

.004854369 

42 

.023809524 

97  ;  .010309278 

152 

.006578947 

207 

.004830918 

43 

.023255814 

98  1  .010204082 

153 

.006535948 

208 

.004807692 

44 

.022727273 

99     .010101010 

154 

.006493506 

209 

.004784689 

45 

.022222222 

100  '  .010000000 

155 

.006451613 

210 

.004761905 

46 

.021739180 

101      .009900990 

156 

.006410256 

211 

.004739336 

47 

.021276600 

102     .009803922 

157 

.006369427 

212 

.004716981 

48 

.020833333 

103 

.009708738 

158 

.006329114 

218 

.004694836 

49 

.020408163 

104 

.009615385 

159 

.006289808 

214 

.004672897 

50 

.020000000 

105 

.009523810 

160 

.006250000 

215 

.004651163 

51 

.019607843 

106 

.009483962 

161 

.006211180 

216 

.004629630 

52 

.019230769 

107 

.009345794 

162 

.006172840 

217 

.004608295 

53 

.018867925 

108 

.009259259 

163 

.006134969 

218 

.004587156 

54 

.018518519 

109 

.009174812 

164 

.006097661 

^219 

,004566210 

55 

.018181818 

110 

.009090909 

165 

.006060606  / 

^m>< 

t[Q04545455 
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Ho. 

nedpiooal 

No. 

Beeiprecal. 

No. 

Now 

BflciprootL 

221 
222 
228 
224 
226 

.004524867 
.004604505 
.004484805 
.004464286 

276 
277 
278 
279 
280 

.008623188 
.008610108 
.008697122 
.008584229 
.008571429 

881 
832 
838 
834 
885 

.008021148 
.008012048 
.003008003 
.002994012 
.002965075 

886 
887 
888 

889 
890 

.002690674 
.002588079 
.002577820 
.002670694 
X)02664108 

226 
227 
228 
229 
280 

.004424779 
.004405286 
.004386965 
.004366812 
.004347826 

281 
282 
'283 
284 
285 

.008558719 
.008646099 
.008583669 
.003521127 
.008508772 

886 
887 
888 
889 
840 

.002976190 
.002967359 
.002968580 
.002949853 
.002941176 

891 
892 
898 
394 
896 

.002657545 
.002551020 
.002544529 
.002538071 
.002531646 

231 
282 
288 
284 
285 

.004329004 
.004310345 
-.004291845 
.004273504 
.004255819 

286 
287 
268 
289 
290 

.008496603 
.008484821 

.008460208 
.008448276 

841 
842 
843 
844 
845 

.002982651 
.002923977 
.002915452 
.002906077 
.002898651 

896 
897 
898 
'  399 
400 

.002525218 
.002618892 
.002612668 
.002506266 
.002600000 

286 
287 
288 
289 
240 

.004237288 
.004219409 
.004201681 
.004184100 
.004166667 

291 
292 
298 
294 
295 

.008486426 
.008424658 
.008412969 
.003401361 
.008889831 

846 
347 
848 
849 
850 

.002890173 
.0028^844 
.002878663 
.002865830 
.002857143 

401 
402 
408 
404 
406 

.002487562 
.002481890 
.002475248 
.002460186 

241 
242 
248 
244 
246 

.0041^878 
.004182281 
.004115226 
.004098861 
UX)4081688 

296 
297 
298 
299 
800 

.008378878 

.008865705 
.008344482 
.008388838 

851 
362 
858 
354 
855 

.002849003 
.002840909 
.002832861 
.002834859 
.002816801 

406 
407 

408 

.409 

410 

.002468054 
.002457002 
.002450980 
.002444988 
.002438024 

246 
247 
248 
249 
2S0 

.004068041 
.004048583 
.004032258 
.004016064 
.00^)00000 

801 
802 
808 
804 
806 

.008811258 
.008300830 

856 
857 
858 
859 
860 

.002866089 
.002801120 
.002796296 
.002786515 
.002777778 

411 

412 
418 
414 
416 

.002488090 
.002427184 
.002421808 
.002415459 
.002400689 

251 
262 
268 
264 
255 

X)0S984064 
.008968254 
.008052569 
.008987008 
.008021569 

806 
807 
808 
809 
810 

.008269974 
.008267829 
.008246753 
.008286246 
.008226806 

861 
862 
868 
864 
365 

.002770083 
.002762431 
.002754821 
.002747253 
.002780726 

416 
417 
418 
419 
420 

.002408846 
.002896082 
.002892844 
.002886685 
.002380152 

266 
267 
268 
260 
260 

.008906260 
.008891051 
.008875969 
.008861004 
.008846154 

811 
812 
818 
314 
815 

.008215484 
.008206128 
.008194888 
.008184713 
.008174603 

866 
867 
868 
869 
870 

.002782240 
.002724796 
.00271739! 
.002710027 
.002702703 

421 
422 
428 
424 
425 

.002875297 
.002869668 
.002864066 
,002858491 
.002852041 

261 
262 

IS 

265 

J008831418 
.008816794 
.003802281 
J003787879 
.008778585 

816 
317 
818 
319 
820 

.008164557 
.003154574 
.008144654' 
.003184796 
.008125000 

871 
872 
878 
874 
875 

.002606418 
.002688172 
.002680965 
.002678797 
^002666667 

426 
427 
428 
429 
480 

.002847418 
.002341920 
.002836449 
.002331002 
.002825581 

266 
267 
268 
269 
270 

.008750898 
/)03745818 
i)03731843 
.003717472 
.003708704 

821 
822 
823 
824 
825 

.003116266 
.003106590 
.003095975 
.003066420 
.003076928. 

876 
877 
878 
379 
880 

.002650574 
.00265252a 
.002645503 
.002688522 
.002681579 

481 
432 
488 
484 
485 

.002320186 
.002814815 
.002809469 
,  .002304147 
.002298851 

271 
272 
278 
274 
275 

.003690087 
.003676471 
.003668004 
.006649685 
i)08686864 

826 
8g7 
828 
829 
880 

.003067485 
.003068104, 
.003048780- 
.003089514 
.008080808 

881 
882 
883 
384 
885 

.002624672 
.002617801 
.002610966 
.002604167- 
.002597408 

436 
487 
438 
489 
440 

.002288380 
.002283105 
.002277904 
.002272727 
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TaMe  of  Reciprocals  of  Nnwrnihem^—^Oonikkued.)   Seep^. 


No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

441 

.002267574 

496 

.002016129 

551 

.001814882 

606 

.00165016i 

442 

.002262443 

497 

.002012072 

552 

.001811594 

607 

.001647446 

443 

.002257836 

498 

.002008032 

558 

.001808818 

608 

.001644737 

444 

.002252252 

409 

.002004008 

564 

.001805054 

609 

.001642036 

445 

.002247191 

500 

.002000000 

655 

.001801802 

610 

.001639344 

446 

.002242152 

501 

.001996008 

566 

.001798561 

611 

.001636661 

447 

.002237136 

502 

.001992032 

657 

.001795332 

612 

.001638987 

448 

.002282143 

503 

.001988072 

558 

.001792115 

613 

.001631321 

449 

.002227171 

504 

.001984127 

559 

.001788909 

614 

.001628664 

450 

.002222222 

505 

.001980198 

560 

.001785714 

615 

.001626016 

451 

.002217295 

506 

.001976285 

561 

.001782581 

616 

.001628377 

452 

.002212889 

507 

.001972887 

562 

.001779359 

617 

.001620746 

468 

.002207606 

508 

.001968504 

563 

.001776199 

618 

.001618128 

454 

.002202643 

509 

.001964637 

564 

.001773050 

619 

.001615609 

455 

.002197802 

510 

.001960784 

665 

.001769912 

620 

.001612903 

456 

.002192982 
.002188184 

511 

.001956947 

566 

.001766784 

621 

.001610806 

467 

512 

.001958125 

567 

.001763668 

622 

.001607717 

458 

.002188406 

518 

.001949318 

568 

.001760563 

628 

.001606186 

459 

.002178649 

514 

.001945525 

569 

.001757469 

624 

.001602564 

460 

.002178913 

515 

.001941748 

670 

.001754386 

625 

.001600000 

461 

.002169197 

516 

.001937984 

571 

.001761313 

626 

.001597444 

462 

.002164502 

617 

.001934236 

572 

.001748252 

627 

.001594896 

468 

.002189827 

518 

.001980502 

573 

.001745201 

628 

.001592857 

464 

.002155172 

519 

.001926782 

574 

.001742160 

629 

.001589825 

465 

.002150538 

520 

.001928077 

575 

.001789130 

680 

.001587802 

466 

.002145923 

521 

.001919386 

576 

.001786111 

681 

.001584786 

467 

.002141828 

522 

.001915709 

577 

.001738102 

632 

.001582278 

468 

.002186752 

523 

.001912046 

578 

.001730104 

633 

.001579779 

469 

.002182t96 

524 

.001908397 

579 

.001727116 

634 

.001577287 

470 

.002127660 

525 

.001904762 

•  680 

.001724138 

635 

.001574803 

471 

.002128142 

526 

.001901141 

581 

.001721170 

636 

.001572327 

472 

.002118644 

527 

.001897633 

582 

.001718213 

637 

.001569859 

473 

.002114165 

528 

.001898939 

583 

.001715266 

638 

.001567398 

474 

.002109705 

529 

.001890359 

584 

.001712329. 

689 

.001564945 

475 

.002105263 

530 

.001886792 

585 

.001709402 

640 

.001562500 

476 

.002100840 

581 

.001888239 

586 

.001706485 

641 

.001560062 

477 

.002096436 

582 

.001879699 

587 

.001703578 

642 

.001557682 

478 

.002092050 

588 

.001876173 

588 

.001700680 

643 

.001555210 

479 

.002087683 

534 

.001872659 

589 

.001697793 

644 

.001552795 

480 

.002083333 

535 

.001869159 

590 

.001694915 

645 

.001550888 

481 

.002079002 

536 

.001865672 

591 

.001692047 

646 

.001547988 

482 

.002074689 

537 

.001862197 

592 

.001689189 

647 

.00154.5595 

483 

.002070893 

538 

.001858736 

598 

.001686341 

648 

.001543210 

484 

.002066116 

539 

.001855288 

594 

.001683502 

649 

.001540882 

485 

.002061856 

540 

.001851852 

595 

.001680672 

650 

.001538462 

486 

.002057613 

541 

.001848429 

596 

.001677852 

651 

.001536098 

487 

.002053388 

542 

.001845018 

597 

.001675042 

652 

.00153.3742 

488 

.002049180 

543 

.001841621 

598 

.001672241 

653 

.001531394 

489 

.002044990 

544 

.001838235 

599 

.001669449 

654 

.001529052 

490 

.002040816 

•  545 

.001834862 

600 

.001666667 

655 

.001526718 

491 

.002036660 

546 

.001831502 

601 

.001663894 

656 

.001524390 

492 

.00)2032520 

547 

.001828154 

602 

.001661130 

657 

.001522070 

493 

.002028.'^8 

.548 

.001824818 

603 

.001658375 

658 

.001519757 

494 

.002024291 

549 

.001821494 

604 

.001655629 

659 

.001517451 

495 

.002020202 

550 

.001818182 

605 

.001652893  , 

ZP^ 

^1001515162 

BECIFROCALS  OF   NUBfBEBB. 


61 


TWI»1«  Of  RMtyrocAls  of  Nwanlimwm^^CkmtkmuAy  6m r.  «& 


Ko. 

Reciprocal. 

No. 

Bi9ciprocal. 

No. 

Beoiprocal. 

No. 

BeciprocftL 

Ml 
802 
663 
664 
666 

.001512859 
.001510574 
.001508296 
.001506024 
.001503759 

716 
717 
718 
719 
720 

i)01396648 
iK)1394700 

J001392758 
0)01390821 
XK)1388889 

771 
772 
778 

774 
776 

.001297017 
J001295337 
.001293661 
i)01291990 
.001290323 

826 
827 

828 
829 
880 

.001210664 
.001209190 
i)01207729 
.001206278 
.001204819 

666 

667 
668 
669 
670 

.001501502 
.001499250 
.001497006 
.001494768 
.001492587 

721 
722 
723 
724 
725 

.001386663 
X)0138a(H2 
.001388*26 
.001361215 
.001379610 

776 

777 
778 
779 
780 

.001288660 
.001267001 
.001286847 
.001288697 
.001282051 

631 
832 
883 
834 
835 

.001203860 

iX)12004aO 
.001199041 
.001197605 

671 
672 
673 
674 
675 

.001490813 
.001488095 
.001485884 

.001483680 
UK)1481481 

726 
727 
726 
729 
780 

.001377410 
.001376616 
.001373626 
.001371742 
.001369863 

781 
782 
783 
784 
785 

.001280410 
.001278772 
.001277139 
.001275610 
.001273885 

886 
$37 
838 
839 
840 

.001196172 
.001194743 
.001193817 
.001191896 
X)01190476 

676 
677 
678 
679 
660 

.001479890 
.001477105 
.001474926 
^1472764 
.601470588 

781 
732 
733 
734 
785 

.001367989 
.001366120 
.001364256 
.001362898 
.001360544 

786 
787 
788 
789 
790 

.001272263 
.0011B0648 

.ooisraoso 

.001^7427 
.001266823 

844 
845 

XX)118Q061 
.00U87648 
.001186840 
.001184884 
.001188432 

681 

68e 

688 
664 
666 

/)01468429 

xwMaeare 

XX)1464129 
;0014ai988 
iQ01459854 

786 
787 
788 
789 
740 

.001368696 
.001366852 
.001366014 
.001358180 
.001351861 

791 
792 
793 
794 
795 

.001264223 
.001269626 
.001361034 
.001!»9446 
.001257862 

646 
847 
$48 
849 

r     850 

.001182083 
.0011866^ 
.001170246 
.001177866 
.001176471 

666 
687 
688 
680 
600 

.001457726 
J001456604 
.001458488 
.001461879 
.001449275 

741 
742 
743 
744 
745 

J0013M628 
.001347709 
/)0184&895 

xmmom 

J0O1342282 

706 

797 
798 
799 
800 

i)01266281 
XK)1254705 
/)0126M33 
.001261564 
/)01280000 

861 
862 
858 
854 
865 

.00117aQB8 
.001178509 
.001172333 
.001170060 
.001169591 

691 

Z 

m 

696 

.001447178 
.001445087 

.601440922 
.001438849 

746 
747 
748 
749 
760 

.O0I84O488 
.001888688 
.001686896 
.001835n8 

.001333333 

801 

802 
808 
804 
805 

.001248439 
.001246883 
.001»08eO 
.001243981. 
.001242286 

866 
857 
866 
869 
860 

.001168224 
.001166861 
.001165601 
.001164144 
.001162791 

696 
697 

700 

.001436782 

'Sl«J9615 
.001428671 

761 

762 
763 
754 
765 

.001331558 
.001329787 
.001328021 
.001326260 
.O0£824608 

806 
807 
808 
809 
810 

.001240695 
X)01289157 
.001237624 
.001286094 
X»1234fi68 

861 
862 
863 
864 
865 

.001161440 
.QOU600e3 
.001158749 
.001167407 
.001156069 

701 
702 
708 
704  . 
706 

.001426534 
.001424601 
.001422476 
J»1420466 
.Q0141&140 

766 
757 
758 
759 
760 

iX)1322751 
.001821004 
J001319261 
X)013X7528 
,001315789 

811 
812 
813 
814 
815 

.001233046 
.001281527 

!001226994 

866 
867 
868 
869 
870 

.001164734 
.001153403 
.01)1152074 
.001lo0748 
.001149425 

706 
707 
708 
709 
710 

.001416431 
.001414427 
.001412429 
.001410487 
.001408451 

761 
762 
763 
764 
765 

.001814060 
.001812836 
.001310616 
.001308901 
.001307190 

8TO 
817 
818 
819 
820 

.001226490 
.001228990 
.001222494 
.001221001 
.001219512 

872 
873 

874 
875 

.001148106 
.001146789 
.001145476 
.001144165 
.001142857 

711 
712 

ns 

714 
716 

.001406470 
.001404494 
,001402525 
.001400560 
.001398601 

766 
767 
768 
769 
770 

.001305483 
.001303781 
.001302083 
.061309390 
.001296701 

821 
822 
823 
824 
806 

.001218027 
.00121054> 
.001215067 
.001218592 
.00121212lr 

iigitized  by  V_- 

876 
877 
878 
879 

oW 

.001141553 
.001140251  - 
.001138952 
.001187656 
.001186864 
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Table  of  Reelproeato  of  Nnmherm*^QmUnued.)   See  below. 


Ko. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal 

881 
882 
883 
884 
885 

.001135074 
.001138787 
.001132503 
.001131222 
.001129944 

911 
912 
913 
914 
916 

.001097695 
.001096491 
.001095290 
.001094092 
.001092896 

941 
942 
948 
944 
946 

.001062699 
.001061571 
.001060446 
.001059822 
.00106^01 

971 
972 
978 
974 
976 

.001029666 
.001028807 
.001027749 
.001026604 
.001026641 

886 
887 
888 

.001128668 
.001127896 
.0011261^ 
.001124859 
.001123596 

916 
917 
918 
919 
920 

.001091703 
.001090513 
.001089825 
.001088139 
.001086957 

946 
947 
948 
949 
960 

.001067062 
.001065966 
.001064852 
.001068741 
.001062632 

976 
977 

978 
979 
980 

.001024690 
.001028841 
.001022496 
.001021460 
.00102M06 

891 
892 
893 
894 
895 

.001122334 
.001121076 
.001119821 
.001118568 
.00U17818 

921 
922 
923 
924 
925 

.001085776 
.001084699 
.001063424 
.001082251 
.001061081 

961 
962 
968 
954 
966 

.001061626 
.001060420 
.001019818 
.001048218 
.001047120 

981 
982 
988 
984 
985 

.001019368 
.001018380 
.001017294 
.001016260 
.001016228 

896 
897 
898 
899 
900 

.001116071 
.001114827 
.001113586 
.00U12847 
.OOUlUll 

926 
927 
928 
929 
930 

.001079914 
.001078749 
.001077686 
.001076426 
.001076269 

966 
957 
968 
969 
960 

.001046025 
.001044932 
.001043841 
.001042763 
.001041667 

986 
967 
988 
989 
990 

.001014199 
.001018171 
.001012146 
.001011122 
.001010101 

901 
902 
903 
904 
905 

.001109878 
.001108647 
.001107420 
.001106195 
.001104972    . 

931 
982 
933 
.  934 
935 

.001074114 
.001072961 
.001071811 
.001070664 
.001069519 

961 
962 
968 
964 
966 

.001040663 
.001039601 
.001088422 
.001087844 
.001086269 

991 
992 
998 
994 
996 

.001009082 
.001008666 
.001007019 
.001006666 
.001006006 

906 
907 
908 
909 
910 

.001103753 
,001102536 
.001101322 
.001100110 
.001098901 

986 
937 
938 
939 
940 

.001068876 
.001067236 
.001066098 
.001064963 
.001068830 

966 
967 
968 
969 
970 

.001036197 
.001034126 
.001083058 
.001081992 
.001080928 

996 
997 
998 
999 
1000 

.601004016 
.001008609 
.001000804 
.001001001 
.001000000 

BECIPBOCAUI. 


(a)  The  reelproeal  of  a  aamber  to  the  quantity  obtained  by  divid- 
ing unity  or  1  by  that  number.    In  other  words,  if  n  be  any  number,  then 

Recip  n  =  ~ .  *  Thus,  Recip  40  «  ~  =  0.025 ;  Recip  0.4  -  ~  =-  2.5,  etc.,  etc 

n  40  0.4 

*    A„,^A_ l^A,    * 

boa 

Thus,  since  1  yard  «  36  inches,  1  Inch  =  ^  yard  =»  .027777778  yard,  for  Recip 
36  =3 .027777778.  Again,  1  foot  head  of  water  gives  a  pressure  of  .4335  lbs.  per 
square  inch.    Hence  a  pressure  of  1  lb.  per  square  inch  corresponds  to  a  head 

of  -^  feet  =»  2.806805  feet,  for  Recip  .4835  =  2.306805.    (See  ll,  below.) 

(b)  It  follows  that  if  any  number  in  the  column  headed  '*  No."  be  taken  as 
the  denomiuator  of  a  common  fraction  whose  numerator  is  1,  the  corresponding 
reciprocal  is  the  value  of  that  fraction  expressed  in  decimals.*  Thus,  ^  =>  .08125. 
Hence,  to  reduce  a  eonunon  fraction  to  decimal  form,  multiply 
the  reciprocal  of  the  denominator  by  the  numerator.  Thus,  ^  «>  .53125,  because 
Recip  32  =  .03126,  and  .03126  X  17  =  .53125. 

(e;  Conversely,  if  the  reciprocal  of  a  number  n  be  taken  as  a  number,  then  the 

number  n  itself  becomes  the  reciprocal.    In  other  words,  Recip  —  =  n.     Thus, 
Recip  0.025  =  Recip  "^  =-  40 ;  Recip  2.5  =  Recip  ™  =  0.4,  etc.,  etc. 

•  The  numbers  2  and  6,  and  their  powers  and  products,  are  the  only  ones  whose 
Tveiprocals  can  be  MeaoOy  expressed  in  decimals.  ^  , 
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BBOlPEOOlia  OF  NUMBESa  ^8 

(4)  The  prod!ifii.«f  Wf.  nvmhtr  Vy  its  own  t^tipwimX  to  •qual  to  aiUf  or  1; 

(•)  Anytmnber,  aXBeoip  oC  a  number,  n— a  X^-*" — . 

w       n 

Hence,  to  aTOld  the  la1»or  of  dtvidiiiir*  we  may  multiply  by  the  reeip' 
rocal  of  the  divisor.    Thus, 
200  -f-  48750  ==  200  X  Recip  48750  =»  200  X.00a02061282  (see  b,  below)«>. 004102564. . . . 

(f)  Any  number,  a -s- Recip  of  a  number, a » a -f-  —  ^an, 

Henoe,  a  +  Beoipa=>a-i-  —  >sflXv"*<»*« 

a  1 

Tha.,  Be«lp2-0.5..nd:g^-;^  =  4-2.. 

(ir)  The  numbers  in  the  foregoing  table  extend  from  1  to  1000 ;  but  the  recin- 
^  Ksals  of  maltiiileii  of  tlieve  nnmbei^  by  10  may  be  taken  from  the 
table  bv  adding  one  cipher  to  the  left  of  the  reciprocai  (after  the  decimal  point) 
for  each  cipher  added  to  the  number.    Thus, 

Recip     300  »  .002564103 ; 
Redp   8900 —  .0002564108; 
Recip  89000  « .00002564103 ; 
mnd  the  reciprocals  of  nnnibers  contalnlnir  deeimals  may  be  taken 
from  the  table  by  shifting  the  decimal  point  in  the  tabular  redprocal  one  place 
to  the  right  for  each  decimal  place  in  the  number.    Thus : 
Recip  227         =«     .004406286; 
Recip    22.7      —     .04405286; 
Recip      2.27     «     .4405286; 
Recip        .227   —  4.405286; 
Recip        .0227  »  44.06286. 
(h)  The  reciprocal  of  a  nnmber  of  more  tbaii  tlireo  l^^imrtm  mav  be 
tasen  ttom  the  table  approximately  by  interpolation.  Thus,  to  find  Recip  236.4: 
Recip     236  » .004287288 
Recip     237  — .004219409 
DiflTerences:       1,    ~6o0017879,   286.4—286-0.4. 
Then,  0.4  X  .000017879  -  .000007152, 
mnd^  Recip  286    -.004287288 

minus  .000007152 

—  Recip  286.4  — .004280186   by  interpolation. 
The  correct  reciprocal  is  .004280118. 

(I)  The  reciprocals  of  numbers  not  in  the  table  may  be  conveniently  found 
l»3r  means  of  10ir»ritl»ns*     Thus,  to  find  the  Reeip  236.4  —  -^rr  * 

Log     1    -0.000000 
Subtract  Log  236.4  -  2.373647 

7.626853  -  Log  0.00423012 

Redp  236.4  -  0.00428011 

m.  ^   ^  T.    «      8424        236.4 
To  find  Recip -5^gg;^«-g^. 

Log   286.4-2.878647 
Subtract  Log  8424    -  3.925518 

1448129  —  Log  0.0280627. 
asoA 

Redp —--0.0280627. 

(J)  Poflltloii  of  tbe  deelmal  point.  For  the  Nos.  10, 100, 1000,  etc., 
the  number  of  the  decimal  place  occupied  by  the  first  significant  figure  in  the 
reciprocal  is  equal  to  the  number  of  ethers  in  the  No. ;  but  for  all  other  Nos.  it 
is  equal  to  the  number  of  the  diffUs  in  the  integral  portion  of  the  No.  Thus: 
Recip  143.7  =  .0069..,  etc.  Here  the  number  of  digits  in  the  integral  portion 
(143)  of  the  No.  is  3,  and  the  first  significant  figure  (6)  of  the  reciprocal  occupies 
the  ihiird  decimal  place. 
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8QUARB  AND  CVBE  BOOTS. 


S<|aare  Roots  and  Ciibo  Roots  of  ITnnibers  fk^iii  .1  to  3«. 

No. 

Square. 

Chibe. 

8q.  Bt. 

C.Bt. 

No. 

8q.  Bt. 

CBt. 

No. 

Sq.  Rt. 

C.Bt. 

.1 

.01 

.001 

.316 

.464 

.7 

2.38T 

1.786 

.4 

3.661 

2.375 

.15 

.0225 

.0034 

,387 

.531 

.8 

2.408 

1.797 

.6 

3.688 

2.387 

.2 

.04 

.008 

.447 

.585 

.9 

2.429 

1.807 

.8 

3.715 

2.399 

.25 

.0625 

.0156 

.500 

.6;« 

6. 

2.449 

1,817 

14. 

3.742 

2,410 

.3 

.0» 

.027 

.548 

.669 

.1 

2.470 

1.827 

.2 

3.768 

2.422 

.35 

.1-225 

.0429 

.592 

.705 

.2 

2.490 

1.8.37 

,4 

3.795 

2.433 

A 

.16 

.064 

.633 

.737 

.3 

2.510 

1,847 

.6 

3.821 

2.444 

45 

.2025 

.0911 

.671 

.766 

.4 

2.530 

1.85T 

.8 

3.847 

2.455 

5 

.25 

.126 

.707 

.794 

..T 

2..550 

1.866 

15. 

3.873 

2.466 

55 

.3025 

.1664 

.742 

.819 

.^ 

2.569 

1.876 

.2 

3.899 

2.477 

.6 

.3« 

.216 

.775 

.843 

.7 

2.588 

1.885 

.4 

3.924 

2.488 

.65 

.4225 

.2746 

.806 

.866 

.,s 

2.608 

1.895 

,6 

3.950 

2.499 

.7 

.49 

.343 

837 

.888 

,y 

2.627 

1.904 

,8 

3.975 

2.509 

.75 

.5635 

.4219 

.866 

.909 

7. 

2.646 

1.913 

16. 

4. 

2.520 

.8 

.64 

.512 

.894 

.928 

.1 

2.665 

1.922 

.2 

4,025 

2.530 

J86 

,7225 

.6141 

.922 

.947 

.2 

2.683 

1.931 

,4 

4.050 

2.541 

.9 

.81 

.729 

.949 

.965 

M 

2,702 

1.940 

.6 

4.074 

2.551 

M 

.9025 

.8574 

.975 

.9a3 

A 

2.720 

1.949 

.8 

4.099 

2.561 

1. 

1.000 

1.000 

1.000 

1.000 

.5 

2.739 

1.957 

17. 

4.123 

2,571 

.05 

1.103 

1.158 

1.025 

1.016 

.6 

2.757 

1.966 

.2 

4.147 

2.581 

1.1 

1.210 

1.331 

1.049 

1.032 

.7 

2.775 

1975 

.4 

4.171 

2,591 

.15 

1.323 

1.521 

1.0T2 

1.048 

.8 

2.793 

1.9a3 

,6 

4.195 

2.601 

1.2 

1.440 

1.728 

1.096 

1.063 

-9 

2.811 

1.992 

.8 

4.219 

2.611 

.25 

1.563 

1.963 

1.118 

1.077 

8. 

2.828 

2.000 

18. 

4.243 

2.621 

1.3 

1.690 

2.197 

1.140 

1.091 

.1 

2.846 

2.008 

.2 

4.266 

2.630 

.35 

1.823 

2.460 

1.162 

1.105 

.2 

2.864 

2.017 

.4 

4.290 

2640 

1.4 

1.960 

2.744 

1.183 

1.119 

.3 

2.881 

2.025 

.6 

4.313 

2.650 

.45 

2.103 

3.049 

1.204 

1.182 

.4 

2.898 

2.033 

.8 

4,336 

2.659 

1.5 

2.250 

3.375 

1.226 

1.145 

.5 

2.916 

2.041 

19. 

4.359 

2.668 

.55 

2.403 

3.724 

1.245 

1.157 

.6 

2.93» 

2,049 

.2 

4.382 

2.678 

1.6 

2.560 

4.096 

1.265 

1.170 

.7 

2.950 

2.057 

.4 

4.405 

2.687 

.«5 

3.733 

i.4»2 

1.286 

1.182 

.8 

2.9M 

2,065 

.6 

4.427 

2.«f6 

1.7 

2.890 

4.913 

1.304 

1.198 

.9 

3.983 

2.072 

.8 

4.450 

2.706 

.75 

3.063 

5.359 

1.323 

1.205 

9. 

3. 

2.080 

20. 

4.472 

2,714 

1.8 

3.240 

5.832 

1.342 

1.216 

.1 

3.017 

2.088 

.2 

4.494 

2.723 

.86 

3.423 

6.332 

1.360 

1.228 

.2 

3.033 

2.095 

,4 

4.517 

2.732 

1.9 

3.610 

6.859 

1.378 

1.239 

.3 

3.050 

2.103 

.6 

4.5:i9 

2.741 

.96 

3.808 

7.415 

1.396 

1.249 

.4 

3.066 

2,110 

,8 

4.561 

2.750 

a. 

4.000 

8.000 

1.414 

1.260 

.5 

8.082 

2.118 

21. 

,    4.5a3 

2.759 

.1 

4.410 

9.261 

1.449 

1.281 

.6 

3.098 

2.125 

.2 

4.6U4 

2.768 

.2 

4.840 

10.65 

1.48;* 

1.301 

.7 

8.114 

2.133 

.4 

4.626 

2,778 

.3 

5.290 

12.17 

1.51T 

1.320 

.8 

3.130 

2.140 

,6 

4.6*8 

2.785 

.4 

5.760 

13.82 

1.549 

1.339 

.9 

3.146 

2.147 

.8 

4.669 

2.794 

.5 

6.250 

15.63 

1.581 

1.357 

10. 

3.162 

2.154 

22. 

4.690 

2.802 

.6 

6.700 

17.58 

1.612 

1.375 

.1 

3.178 

2.162 

.2 

4.712 

2.810 

.7 

7.290 

19.68 

1.643 

1.392 

.2 

3.194 

2.169 

,4 

4.733 

2.819 

.8 

7.840 

31.95 

1.673 

1.409 

.3 

3.'209 

2,176 

.8 

4.754 

2.827 

.9 

8.410 

24.39 

1.703 

1.426 

.4 

3.225 

3.183 

.8 

4.775 

2.836 

8* 

9. 

27. 

1.732 

1.442 

.5 

3.240 

2.190 

23. 

4.796 

?.844 

.1 

9.61 

29.79 

1.76L 

1.458 

.6 

3.256 

2.197 

.2 

4.817 

2.852 

.2 

10.24 

32.77 

1.7H9 

1.474 

.7 

3.271 

2.204 

.4 

4.837 

2.860 

.3 

10.89 

35.94 

1.817 

1.489 

.8 

3.286 

2.210 

.6 

4.858 

2.868 

.4 

11.56 

39.30 

1.844 

1.504 

.9 

3.302 

2,21  T 

.8 

4.879 

2.876 

.h 

12.25 

42.88 

1,871 

1.518 

11. 

3.317 

2.224 

24. 

4.899, 

2.884 

.6 

12.96 

46.66 

1.897 

1.5.33 

.1 

3.332 

2.231 

,2 

4.919 

2.892 

.7 

13.69 

50.65 

1.924 

1.547 

.2 

3.347 

2,237 

,4 

4.940 

2.900 

.8 

14.44 

54.87 

1.949 

1.360 

.3 

3.362 

2.244 

,6 

4.960 

2.908 

.» 

15.21 

59.32 

1.975 

1.574 

.4 

3  376 

2.251 

.8 

4.980 

2.916 

*, 

16. 

64. 

2. 

1.587 

.5 

3.391 

2.257 

25. 

5. 

2.924 

16,81 

68.92 

2.025 

1.601 

.6 

3.406 

2.264 

.2 

5.020 

2.932 

.2 

17.64 

74.09 

2.049 

1.613 

.7 

3.421 

2.270 

.4 

5.040 

2.940 

.3 

18.4» 

79.51 

2.074 

1.626 

.8 

3,435 

2.277 

.6 

5.060 

2.947 

.4 

19.36 

85.18 

2.098 

1.6.39 

.9 

3.450 

2.2R3 

.8 

5.079 

2.955 

.5 

20.25 

91.13 

2.121 

1.651 

12. 

3.464 

2  289 

26. 

5.099 

2.96:t 

.6 

21.16 

97.34 

2.145 

1.6fW 

.1 

3479 

2.296 

.2 

5.119 

2.970 

.1 
.8 

22.09 

io:i.H 

2.168 

1.675 

.2 

3.493 

2,302 

.4 

5.138 

2.978 

23.04 

U0.6 

2.191 

1.687 

.3 

3,507 

2.308 

.6 

5.168 

2.985 

24.01 

117.6 

2.214 

1.698 

.4 

8.521 

2.315 

.8 

5.177 

2.993 

25. 

V^. 

2.2.36 

1.710 

.5 

3.536 

2.321 

27. 

5.196 

3.000 

26.01 

132.7 

2.258 

1 .721 

.6 

3.550 

2.327 

.2 

6.215 

3.007 

.2 

27.04 

HO.  6 

2.2H0 

1.732 

.7 

3.564 

2,333 

.4 

5.235 

3.015 

.3 

28.09 

14H.9 

2.302 

1.744 

.8 

3.578 

2  339 

.6 

b,2U 

3.022 

29.16 

157.5 

2.;i24 

.754 

.9 

3. .592 

2.345 

.8 

5.273 

3.02» 

*5 

30.25 

166.4 

2.345 

1.7aT 

13. 

3.606 

2.351 

28. 

5.292 

8.087 

^6 

i     31.36 

:tv6 

2.366 

1.77ti 

3  633 

2.3b3 

.2 

5.310 

3.044 
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TABUB  ofSqiiiArM,  Cobes,  Sanare  BootM,  and  C«be  So«4«. 
of  HTamben*  iiti 


»om  1  to  lOOO. 


SaiA^K  OM  ns  voi.tow»<» Tablx.    Wherefar  the  eflpct  of  •  tflh  dwimal  |a  the  nMta«9«M  li 
Idd  r  to  the  fofirtta  and  AdaI  deolual  la  the  ^ble,  l^e  addftloo  hu  b«eo  nadft.  Ftf  tfrDi 


No. 

BqiUBFe. 

1 

1  Cube. 

Bq.Bt. 

cat. 

No. 

Sqaaro. 

Cube. 

Bq.Bt. 

O.Bt. 

1 

1 

1.0000 

1.0000 

i  o. 

8T21 

226081 

7.H101 

8.9365 

4 

8 

1.4141 

1.2609 

>    01 

8844 

238318 

7.^710 

3.9579 

0 

17 

1.7311 

1.4411 

'    08 

s: 

250047 

7.y:;a 

3.9791 

I« 

84 

1.0000 

1.5874 

•4 

181144 

8.<H>()0 

4. 

» 

116 

1L2301 

1.7100 

06 

4126 

174616 

8.0(i'J8 

4.owr 

38 

HO 

ltl& 

1.8171 

66 

4850 

187496 

8.12(0 

4.0411 

1 

49 

848 

1.9119 

67 

4480 

800708 

8.ik:4 

4.00IS 

8 

04 

611 

&81B4 

XOOOO 

68 

4024 

314481 

8.2101 

4.0817 

81 

710 

ft.0000 

5Sl 

60 

4761 

328509 

sSooo 

K-Mm 

4.1010 

10 

100 

1000 

&1O10 

70 

4800 

8.3600 

4.12U 

u 

:j: 

1831 

a3ioo 

1.1140 

71 

6041 

857911 

8.-i*Jfa 

4.1400 

It 

1718 

8.4041 

1.2804 

72 

6184 

378248 

H.JSoi 

4.1001 

18 

i# 

aw 

8.6060 

1.3018 

78 

6820 

880017 
406234 

8.5(40 

4.1708 

14 

111 

1744 

3.7417 

1.4101 

74 

6476 

^JiQ-A 

4.1101 

U 

aS 

88rr6 

8.8780 

1.4001 

76 

6026 

421810 

%JStM 

4.2171 

15 

S{ 

4008 

4.0000 

15198 
15718 

70 

6770 

488976 

8.7178 

4.2350 

It 

4018 

4.1tfl 

77 

^ 

450538 

8.7730 

4.25a 

18 

814 

5883 

4.2410 

2.6107 

78 

474551 

8.8318 

4.ni7 

It 

801 

8^ 

43580 

10864 

70 

0141 

481030 

8.8881 

4.2M 

» 

400 

8000 

4.4711 

17144 

80 

6400 

611000 

8.9448 

4.3080 

21 

441 

0101 

4.5818 

17589 

81 

6601 

631441 

9. 

4«3267 

11 

404 

'      10048 

4.6004 

81 

0724 

551308 

9.0564 

4.3445 

18 

510 

i-iior 

4.7960 

18480 

83 

0880 

671787 

9.1104 

4.3621 

M 

570 

13814 

4.8960 

IS£ 

84 

7050 

591704 

9.1051 

4.3706 

» 

OK 

looao 

SuOOOO 

85 

7226 

014116 

9.2196 

4.3008 

M 

870 

%' 

5.0600 

19625 

80 

7890 

086050 

9.2736 

4.4140 

s 

710 

5.1901 

8.0000 

87 

7660 

058508 

9.3274 

4,4310 

16 

784 

SlSo 

12915 

S.0808 

88 

7744 

081471 

9.3808 

4.4480 

» 

841 

5.3861 

S.07a 

80 

7921 

704969 

9.4340 

4.4047 

80 

MO 

17000 

5.4771 

8.1072 

10 

8100 

-719000 

9.4888 

4.4814 

81 

001 

S791 

6L5678 

S.U14 

91 

8881 

^k 

9.5394 

4.4079 

n 

1014 

81708 

6L6660 

8.1748 

01 

8404 

9.5917 

4.5144 

A 

1060 

SSi 

5.74M 

S.»I8 

98 

8040 

80435T 

9.0tt7 

4.5807 

M 

1150 

5.8310 

94 

8880 

830584 

9.6064 

tss 

16 

lis 

42876 

6.9101 

8.1711 

95 

0016 

867376 

9.7400 

86 

!» 

48868 

6.0000 

8.3019 

96 

9B10 

884730 

9.7980 

4.5789 

tr 

60063 

fl.06» 

3.3322 

07 

940O 

912678 

9.8489 

4.5947 

88 

444 

548T1 

6.1044 

3.3620 

98 

0004 

941192 

9.8995 

4.6104 

80 

511 

60310 

6.2460 

3.3012 

09 

9801 

970299 

9.9409 

4.6^61 

40 

1000 

84000 

0.3240 

8.4100 

100 

10000 

1000000 

10. 

4.6410 

41 

1681 

OBOll 

0.4031 

8.4482 

101 

10001 

1030301 

10.0499 

4.6570 

41 

704 

74088 

0.4807 

8.4700 

101 

10404 

1001200 

10.0906 

4.6728 

48 

840 
980 

7960T 

0.5574 

8.9084 

108 

10009 

1092727 

10.1489 

4.6876 

44 

85184 

0.6381 

8.5003 

104 

loeio 

1124864 

10.1980 

4. 7027 

46 

1016 

911» 

0.7081 

8.5609 

105 

11025 

1157625 

10.2470 

4.7m 

48 

nio 

97338 

6.7823 

8.5830 

100 

11236 

1191016 

10.2956 

4.7316 

4T 

ss 

1038M 

6.8567 

8.0088 

107 

11440 

12«)48 

10.3441 

4.7476 

48 

110601 

6.9281 

3.6342 

108 

11664 

1250712 

10.3923 

4.7021 

40 

1401 

117040 

7.0000 

S.0S03 

109 

11881 

1296029 

10.4403 

4.7760 

60 

ISOO 

115000 

7.0711 

8.6840 

110 

12100 

1331000 

10.4881 

4.7914 

61 

1601 

131651 

7.1414 

8.7084 

111 

13321 

1307631 

10.5357 

4.80S9 

S 

1704 

140006 

7.2111 

8.7325 

112 

11544 

1404818 

10.5880 

4.8ap8 

1800 

148877 

7.2801 

8.7563 

113 

11760 

1442807 

10.6301 

4.8040 

64 

»10 

167484 

7.3486 

8.7798 

114 

1»96 

1481544 

10.6771 

4.848B 

66 

8015 

108375 

7.4102 

8.8080 

115 

13226 

1510876 

10.7288 

4.8030 

68 

8130 

175616 

7.4833 

8.8259 

116 

13456 

1500896 

10.7703 

4.8770 

6t 

8240 

185198 

7.5488 

8.8485 

117 

13689 

1601618 

10.8167 

4.8010 

0^ 

8384 

196111 

7.6158 

8.sn» 

118 

13924 

164.3082 

10.8628 

iS» 

60 

8481 

106879 

7.6811 

8.8800 

119 

14161 

1686150 

10.9087 

•> 

8060 

1J4M 

8.9140 

120 

14400 

1728000 

10.9546 

4.9014 

y  Google 
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TABIii:  of  Sopares,  Cubes,  S<|aare  Rooto,  and  Cube  Boote 
ofjfuir" —  ' 


SQUARE8,  OUBEB,  AND  ROOTS. 

ires.  Cubes,  S<|aare  Roots,  am 

Limbers  from  1  to  1000— (Continued.) 


Ho. 

Square. 

Cube. 

Sq.  Bt. 

C.  Bt. 

No. 

Square. 

Cube. 

Sq.  Bt. 

C.B* 

Wl 

11641 

1771561 

11. 

4.9461 

186 

34596 

6434856 

13.6382 

5.7083 

Itt 

14884 

1815848 

11.0454 

4.9597 

187 

34969 

6539203 

13.6748 

6.7185 

123 

15129 

1860867 

11.0905 

4.9732 

188 

35344 

66446T2 

13.7113 

5.7287 

124 

15376 

1906624 

11.1355 

4.9866 

189 

35721 

6751269 

13.7477 

5.7388 

125 

15625 

1958125 

11.1803 

6. 

190 

36100 

6859000 

13.7840 

6.7489 

126 

15876 

2000376 

11.2250 

5.0133 

191 

86481 

6967871 

13.8203 

5.7590 

127 

16129 

11.2694 

5.0265 

192 

86864 

7077888 

13.8564 

6.7690 

128 

16384 

2097152 

11,3137 

5.039T 

193 

87249 

7189057 

13.8924 

6.7790 

129 

16641 

2146689 

11.3578 

6.0528 

194 

37636 

7301S84 

13.9284 

6.7890 

ISO 

16900 

2197000 

11.4018 

6.0658 

195 

88025 

7414875 

13.9642 

6.7989 

181 

17161 

2248091 

11.4455 

5.0788 

196 

88416 

7529536 

14. 

6.6088 

1S2 

17424 

2299968 

11.4891 

6.0916 

197 

38809 

7645373 

14.0357 

6;8166 

13S 

17689 

2352637 

11.5326 

6.1045. 

198 

89204 

7762392 

14.0712 

6.8285 

134 

17956 

2406104 

11.5758 

6.1172 

199 

89601 

7880599 

14.1067 

5.8388 

18» 

18225 

2460376 

11.6190 

6.1299 

200 

40000 

8000000 

14.1421 

6.848C 

IM 

18496 

2515466 

11.6619 

6.1426 

201 

40401 

8120601 

14.1774 

6.6578 

187 

18769 

2571353 

11.7047 

6.1551 

202 

40804 

8242408 

14.2127 

6.8675 

188 

19044 

2628072 

11J473 

6.1676 

203 

41209 

8365427 

14.2478 

5.8771 

189 

19321 

2685619 

11.7898 

6.1801 

204 

41616 

8489664 

14.2829 

6,6868 

140 

19600 

2744000 

11.8322 

6.1925 

205 

42025 

8615125 

14.3178 

6,8964 

141 

19681 

2803221 

11.8743 

6.2048 

206 

42436 

S741816 

14.3527 

6,9050 

142 

20164 

2863288 

11.9164 

6.2171 

207 

42849 

8869743 

14.3875 

6.9156 

148 

30449 

2924207 

11.9583 

5.2293 

208 

43264 

89y8912 

14.4222 

6.9250 

144 

20736 

2985984 

12. 

6.2415 

209 

43681 

9129329 

14.4568 

6.9345 

146 

21025 

3048625 

12.0416 

6.2536 

210 

44100 

9261000 

14.4914 

6.9439 

IM 

21816 

3112136 

12.0830 

5,2656 

211 

44521 

9393931 

14.5258 

5.9588 

147 

21609 

3176523 

12.1244 

5.2776 

212 

44944 

9528128 

14.5602 

6.9627 

148 

21904 

3241792 

12.1655 

5,2896 

213 

46369 

9663597 

14.5945 

5.9721 

149 

22201 

3307949 

12.2066 

6.3015 

214 

45796 

9800344 

14.6287 

5.9814 

160 

22500 

3375000 

12.2474 

5.3133 

215 

46225 

9938376 

14.6629 

6.9907 

151 

22801 

3442951 

12.2882 

6.3251 

216 

46656 

J  0077696 

14.6969 

6. 

162 

23104 

3511808 

12.3288 

5.3368 

217 

47089 

10218313 

14.7309 

6.0092 

168 

23409 

3581577 

12.3693 

5.3485 

218 

47524 

10360232 

14.7648 

6,0185 

164 

23716 

3652264 

12.4097 

6.3601 

219 

47961 

1050;i459 

14.7986 

6.0277 

165 

24025 

3723875 

12.4499 

5.3717 

220 

48400 

10648000 

14.8324 

6.0368 

156 

24336 

3796416 

12.4900 

6.3832 

221 

48841 

10793861 

14.8661 

6.0459 

167 

24649 

3869893 

12.5300 

5.3947 

222 

49284 

10911048 

14,8997 

6.0550 

168 

24964 

3944312 

12.5698 

5.4061 

223 

49729 

110H9567 

14.9332 

6.0641 

169 

25281 

4019679 

12.6096 

6.4175 

224 

50176 

H2H9424 

14.9666 

6.0732 

1«0 

25600 

4096000 

12.6491 

6.4288 

325 

50625 

11390625 

16. 

6.0822 

Wl 

26921 

4178281 

12.6886 

6.4m. 

226 

5m6 

1164SI76 

16.0838 

6.0912 

162 

26244 

4261528 

12.7279 

6.4614 

227 

61629 

11697083 

16.0666 

8.1002 

163 

26669 

4330747 

12.7671 

6.4626 

228 

61984 

11862362 

16.0997 

6.1091 

164 

26896 

4410944 

12.8062 

6.4787 

229 

62441 

12008889 

16.1827 

6.1180 

166 

27226 

4492125 

12.8452 

6.4848 

230 

62900 

12167000 

16.1668 

6.1268 

166 

27566 

4574296 

12.8841 

6.4958 

381 

68861 

12826891 

16.1987 

6.1368 

167 

27889 

4667468 

12.9228 

6.508© 

282 

68824 

12487168 

16.2816 

6.1446 

168 

28224 

4741632 

12.9616 

6.6178 

288 

64288 

12649387 

16.2643 

6.1684 

169 

28561 

4826809 

13. 

6.5288 

134 

64766 

12812994 

16.2971 

6.1622 

170 

28900 

4913000 

13.0884 

6.6397 

236 

56226 

16.8297 

•.1710 

171 

29241 

6000211 

13.0767 

5.6506 

286 

56696 

13144266 

16.8628 

6.17«r 

172 

29584 

6088448 

18.1149 

6.8613 

237 

66169 

13812068 

16.3948 

6.1886 

178 

29929 

6177717 

13.1529 

6.5721 

288 

66644 

13481272 

16.4372 

6.1972 

174 

80276 

6268024 

13.1909 

6.5828 

239 

67121 

16661919 

16.4596 

6.2068 

175 

80626 

6369376 

13.2288 

6.5934 

240 

67600 

13824000 

16.4919 

8.2146 

176 

80976 

5461776 

13.2665 

6.6041 

241 

58081 

18997621 

16.6242 

6.2281 

177 

81329 

5545238 

13.3041 

6.6147 

242 

58564 

14172488 

16.5568 

6.2317 

178 

81684 

6689752 

13.3417 

6.6252 

243 

69049 

14348907 

16.6886 

6.2408 

179 

82041 

5735339 

13.3791 

6.6357 

244 

59686 

14526784 

16.6205 

6.2488 

ISO 

82400 

6882000 

13.4164 

6.6462 

246 

60025 

14706125 

16.6626 

6.2878 

181 

82761 

6929741 

13.4586 

6.6567 

246 

60516 

14886986 

16.6844 

6.2656 

182 

88124 

6028568 

13.4907  . 

6.6671 

247 

61009 

15069228 

16.7162 

t.2748 

188 

38489 

6128487 

13.6277 

6.6774 

248 

61504 

15252992 

16.7480 

6.28IB 

184 

33856 

6229504 

18.5647 

6.6877 

248 

62001 

15438248 

16.7797 

6.2912 

186 

84226 

6831626 

13.6016 

6.6980 

260 

62600 

16626000^ 

^  15.8114. 

6.2991 
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bx^jlreb,  oubes>  and  BOOnk 


67 


TABIA  of  9«mr«0,  €«be««  (Mittare  BODi»«  anA  Ca^  : 
of  Hmmbera  tr^tm  1  to  1090^(CoimiiVK]>.) 


Bqoiwt. 


8q.  St. 


O.  B*. 


No. 


Bquave. 


Oab«. 


8q.B4. 


ttl 
ssa 

S65 
S64 

a&6 


1S6 

aw 


911 

in 


SI4 
115 


«7 
118 


soe 

807 


ni 
ni 
nt 

tl4 

Uft 


63001 
63504 
6400B 

«4U« 


666M 


i8in 

*^ 

mm 

TOUft 

707U 
71S80 

1^ 

7SMe 

734a 

73Mi 

745it 

7597I 
756tf 

76J76 
7873» 
77tt4 
77841 


8U96 

817M 
8XM8 
8944 
8S6il 
84100 

84181 
86184 


88804 

80401 
80000 

SOOOl 
91904 
91809 
92418 
93096 


94840 
94884 


96m 
97844 


161042T7 
16887064 
16681S76 

167nai« 
16074618 

17871079 


SuBS 


6.3080 
f.8l64 


fJ880 


•44M 

8J679 
8.8881 
6.8748 


8.4070 
8.4m 
8.4918 


8.4888 
6.4478 
8.4668 
8.408 

8.4118 
6.4189 
6.48T9 
6.4l|l 
6.60i0 

6.6188 
6.6187 
6.6965 
6.6843 
6.6481 

6.6480 
6.66n 


6.6886 
6.6882 
6.6089 
6.6116 
6.6191 

6.6867 
6.6843 
6.6419 
6.6494 
6.6660 

6.6644 
6.6710 
6.6794 


6.6043 

6.1018 
6.7002 
6.7108 
6.7940 
CTUS 

6.7887 
6.7480 
6.7888 


6.7870 

6.7719 
6.7894 
6.7807 
6.T060 
6.80U 


100480 
101194 
101761 


Ifl 
107684 


110»4 
1106B0 
111666 
U9996 

119886 

nam 

U4144 
114111 


116affl 
116984 
117640 


iioru 

190400 
13U04 
1918tt 
139600 


128004 
124890 
12&8U 


44361864 


127440 
128164 
128681 


44788876 

461100M 
46480980 
4fie89n9 


180891 
181044 
181760 
189486 


47046881 
47487028 
478S3U7 
48298644 
48627196 


184880 
186494 
186161 


48888032 
50248409 


187841 
188884 
180190 
188876 


141376 
142190 
142884 
148641 
144400 


51004811 
51478848 
51806117 
528186X4 
52784176 

5315T8I6 
53589688 
54010169 
644.109S9 
648T90qp 


17.7764 
17.8046 
17.8896 
17.8606 

\\S& 

17.9789 

18. 

18.0378 

18.0666 
18.05l 
18.U08 
18.1184 
18.1860 


18J»^ 
18.8848 
18.41'{» 
18.48il 


18.4669 
18.4889 
18.5808 
18.6479 
18.&7tt 

18.80U 
18.6870 
18.6648 
18.6816 
18.7068 

18.1860 
18.1617 
18.7888 
18.8140 


18.8680 

i8.aoa 

18.9800 
18.04T8 
18.9T87 

10. 

19.0263 

19.0526 

19.0786 

19.1050 

10.1811 
19.1679 
19.1868 
19.2004 
19.28M 

19.2014 
19.2878 
19.3182 
19.3391 
19.3040 

19.8907 
19.4166 
19.4422 
19.4879 
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SqUABBS,  OUBBS^  AND  BOOOL 


TAlMJBof 


of 


,  Cobes,  Square  Itooto,  and  rdUe 
mnbers  flrom  1  to  1O0O— (CloKTXNtTE».) 


Vo. 

Sqniure. 

Cab«. 

Bd.-BLt, 

cat. 

Ko. 

Bqolure. 

Oab«. 

Sq.BI. 

o.»«. 

S81 
889 
883 
864 
385 

146161 
146984 
146689 
147456 
148225 

65306341 
65742068 
56181887 
56623104 
57066625 

19.5192 
19.5448 
19.5704 
19.5969 
19.6214 

7.2405 
7.2558 
7.2622 
7.2686 
7.2748 

446 
447 
448 
449 
456 

260704 
261601 
32900 

88716636 
8931«^ 
89915802 
90518849 
91125000 

21.1187 
21.1424 
21.1660 
21.1896 
21.2182 

J:SS8 

7.6517 
7.8674 
7.6681 

888 

88T 
888 
888 

880 

148996 
149769 
160544 
161821 
162100 

57612466 
57960803 
58411072 
58863800 
59819000 

19.6469 
19.6723 
19.6977 
19.7281 
19.7484 

7.2811 
7.2874 
7.2936 
7.2990 
7.8061 

451 
452 
463 
454 
466 

205209 
206116 
207025 

917S8851 
92345408 
929M677 
98970664 
94106876 

21.2866 
21.2668 
21.2888 

7!67a 
7.6801 
7.6867 
7.6014 

•81 
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•84 

left 

152881 
153684 
154449 
155236 
156025 

59776471 

19.7737 
19.7990 
19.8242 
19.8404 
19.8746 

7.3124 
7.3186 
V.S948 
VJSIO 
1J87B 

456 

457 
458 
459 
460 

307996 
306849 

309764 
310681 
211600 

94818616 
96448993 
96071912 
9670^79 
9738600O 

21.3542 

21.4843 
21.4476 

]1Si 

7.7068 
7.7180 
7.7104 

60236288 
60698457 
61162984 
61629675 

888 
187 
888 
888 
400 

166816 
167609 
168404 
169201 
160800 

62099186 
62570778 
63044792 
63521199 
64000000 

19.8B97 
19.9348 
19.9M9 
19.9760 
». 

7.3434 
7.3406 
7.8668 

7.8619 
7.S6n 

461 
468 
463 
464 
466 

212521 
213444 

2153! 
216295 

9797tl81 
96611128 
^2847 
99897844 
100544625 

21.4700 
21.4949 
21.5174 
21.5407 
21.5680 

7.7ffO 
7.7800 
7.7081 
7.7410 

401 
408 

160801 
161604 
162409 
163216 
164025 

64481201 

20.0250 
20.0409 
20.0149 
20.0808 
»'.I946 

7.8742 
7.8808 
7.8864 
7.8925 
7.8866 

466 
468 
470 

217186 
218660 
219684 
219M1 
2)0000 

101194696 
101847663 
102508232 
1081W709 
108828000 

21.5876 
21.6108 
21.6888 
21.6664 
21.67^ 

7.76B0 

7.7IIK 
7.77SO 

488 

404 
4D& 

65450827 
65980364 
66480125 

406 

407 
408 
408 
410 

164886 
165649 
160464 
167281 
168100 

66928416 
67419143 
679n812 
68417929 
68921000 

».1494 
20.1742 
20.1990 
20.2287 
30.2486 

7.4047 
7.4108 
7.4MD 
7.4229 
7.4990 

471 
472 
478 
474 
4T5 

291841 
222784 
223729 
224676 
225625 

104467111 
105154048 
106828817 
10MM424 
107171875 

21.7095 
21.7»6 
21.7486 
21.7716 
21.7046 

s 
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411 
412 
413 
414 
416 

168921 
169744 
170569 
171896 
172925 

69426631 
69034528 
70444997 
70957944 
71478875 

K.tnt 

20.2978 
».S224 
».3470 
90.3715 

7.4360 
7.4410 
7.4470 
7.4680 
7.4690 

47'» 
477 
478 
479 
480 

227529 
228484 

289441 
280100 

107860176 
10e3$188S 

21.81W 
21.8408 

2I.'8S6I 
21.9060 

7.8010 
7.8104 

7:8901 

4U 

417 
418 
410 
480 

178666 
173889 
174724 
178561 
176400 

71991296 
7251in3 
73051682 
73560069 
74068000 

».3861 
20.^06 
20.4450 
».4695 
30.4989 

7.4650 
7.4710 
7.4770 
7.4829 
7.4889 

481 
482 
483 
484 
486 

281861 
282324 
283289 
34256 
285295 

111284641 
111069168 
1196t8687 
118379904 
114064195 

21.0817 
21.0546 
21.0778 
22. 

92.0927 

7.8801 
7.8M 
7.8M0 
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4U 
484 
488. 

177241 
178084 
178929 

74618461 
75151448 
75686967 
76225024 
76765685 

20.5188 
20.9496 
20.5670 
90.5913 
30.6156 

7.4948 
7.5007 
7.9067 
7.6196 
7.5185 

486 

487 
488 
489 
490 

286196 
287169 
288144 
239121 
240100 

114791966 
116601803 

iilm4m 

116980169 
117649000 

22.0464 
22.0681 
22.0007 
22.1188 
22.1869 

7.8880 

7.80»f 
7.8700 
7.8704 
7.860V 

438 
427 
428 
489 
480 

181476 
1B23«9 
183184 
184041 
184900 

77808n6 
77854483 
78402752 
78058589 
79507000 

20.6896 
20.6640 
20.6882 
20.7123 
20.7364 

7.5244 
7.5302 
T.5861 
7.5420 
7.5478 

491 
492 
493 
494 
496 

241081 
242064 
243040 
244036 
245026 

118370771 
119005488 
119888157 
120663784 
121287875 

22.1686 
22.1811 
22.2036 
22.2261 
22.2486 

-7.8001 
7.80U 
7.8906 
7.9001 
7.9Ni 

481 
432 
438 

484 
48i 

185761 
186624 
187489 
188856 
188225 

80062991 
80621668 
8118r87 
81746504 
82812875 

20.7606 
20.7846 
20.8067 
20.8827 
20.8667 

7.5587 
7.5686 
7.6664 
7.5712 
7.5770 

496 
497 
488 
499 
600 

246018 

218004 
249001 
290000 

122028966 
122768473 
123505992 
124251499 
125000000 

22.2711 
22.2086 
22.3169 
22.3883 
22U)607 

7.91S6 
7.9211 

7.9304 
7.961? 
7.9670 

488 

487 
438 
489 
440 

180006 

180969 
191844 
182721 
193600 

82881866 
83453453 
84027672 
84604519 
85184000 

20.8806 
20.9045 
20.9284 
20.9528 
20.9769 

7.5828 
7.5886 
7.5944 
7.6001 
7.8069 

501 

502 
603 
504 
606 

251001 
252004 
253009 
254016 
255025 

125751501 
126500008 

127268527 
128024064 
128787626 

22.3880 
22.4064 
22.4277 
22.4499 
22.4722 

7.9480 
7.9470 
7.9588 
7.96a 
7.9034 

441 
442 
443 
444 
448 

194481 
195364 
196249 
197136 
196025 

85766121 
86350888 
86938307 
87528384 
88121125 

21. 

21.0238 

21.0476 

21.0713 

21.0960 

7.6117 
7.6174 
7.6232 
7.6289 
T.6846 

806 
507 
508 
509 
510 

256036 
257649 
268064 
250081 
960100 

129554316 
130323843 
131096512 
131872228 
132661000 

22.4944 

22.5167 

22.5380 

I  22.5610 

>\     22.5832 

7.9680 
7.8780 
7.0791 
7.9640 

y  Google 


m^VAKEO,  CUBIS)  AND  BOOTO. 
VA(BIiB4»f  fHmmremt  ihO^mi^  Sqii»i«  ]lo»te«  s 


68 


runren,) 


Itaw 

8«Qa». 

Oab^ 

Bq.B6. 

CBt. 
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on 

Ml 
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SU 

961111 
962144 
968166 
964106 
966996 

1SS4898S1 
184117798 
186606697 
1S5T96744 
186899876 

22.6068 
22.6274 
22.6496 
22.6710 
22.6066 

7.9048 

8. 

8.0052 

8.0104 

6.0166 

676 
677 
578 
579 
880 

882929 

§5241 
886400 

196119860 

24. 

24.0308 

94.0416 

24.0634 

94.0889 

8.8986 

64800 

6.834B 
6.8880 

•1ft 
SIB 

sao 

StsS 

968894 
90e96il 

9704M 

187888096 
138188416 
1889918n 
lS979e98t 
140606900 

92.7160 
22.7936 
22.7896 
22.7916 
22.8066 

8.0906 
8.0200 

8.Qen 

8.0068 
i.0il8 

861 
681 
886 
884 
666 

842936 
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197161666 
19818096V 
199176164 
906961096 

14.1869 
94.1947 
24.1464 
24.1081 
94.1966 

us 

6S 

9714^ 
272484 
278699 
274S96 
276696 

141«6I61 
142986648 
14966^67 
143mM4 
1447in96 

22.8264 
22.8479 
92.8892 
92.8010 
22.9190 

6.M66 

8.a6n 

8.0609 
6.0090 
6.6671 

660 
687 
688 
680 
800 

848aM 

844500 

•Sim 

s 

94.9074 
94.9381 

Is 

3 

nt 

687 
S» 

mo 

27687S 
277729 
278784 
279641 

14869I8T6 
146969186 

14719T96S 
148086889 
148877009 

22.9M7 

22.9866 

22.9788 

28. 

28.0217 

8.07S 

8.0678 
8.0037 

'801 

809 
886 
894 
866, 

840381 
881099 

9064886*1 
207418688 
908631867 
900804684 
118841610 

94.8106 
».8ttl 
94.8U0 
24.87H 
24.8996 

18 
VSi 

8.48AB 

sn 

MS 

281981 
288094 
28406» 
286186 
286296 

148791291 
15060ST68 
1&141MS7 
152278904 
168199616 

28.0484 
23.0651 
23.0868 
23.1084 
28.1801 

8.00«8 
8.1028 
8.«n9 
8.1180 
8.1180 

686 
807 
80B 
600 

967606 

aJoSo 

siinona 
812mm 

21864T102 
2140U166 
916006660 

94.4I» 
».4a86 
24.4640 
24.4746 
24.4040 

6.4]ii 

i.49M 
8.4848 

oav 

898 
6» 

mo 

287296 
288809 

289444 
290611 
291680 

168890890 

154864168 
158798879 
156899810 
157464000 

28.1S17 
23.1788 
23.1948 
23.3164 
23.2879 

8.1381 
8.1381 
8.I8S2 
8.1882 
8.1468 

001 
006 
404 
006 

'   861901 
866098 

8110ttlOl 

330048064 
231448196 

24!5'BB4 
94.5867 

8.4881 

!S 

MS 

•M 
M5 

2920n 

29S784 
2948M 
296996 
997026 

158940491 
150298088 
160108007 
160989184 
1618T8926 

23.2604 
23.2800 
23.3024 
23.8238 
33.8482 

8.1488 
8.168B 
8.1883 
8.1688 

000 

007 
008 
600 

0m 

867366 
868469 
809064 

8708KL 
873100 

24.6617 
24.6T7a 
94.6869 

8.409 
8.4010 
8.4» 
8.4M6 
8.4000 

6«8 

m 

298116 
299269 

801401 
802600 

]6277in6 
163667928 
l«46i8602 
165469140 
166976090 

23.8666 
23.3880 
23.4004 
23.4807 
28.4691 

8.1183 
8.1388 
8. 1883 
8.1862 
8.1963 

011 
612 
618 
614 
616 

81B831 
8M&4A 
875700 
816898 
878326 

229290936 
23Q80B887 
231478644 
289886876 

24.7104 
24.7866 
24.7608 
i^7790 
24.7<J92 

8.4886 
8.4000 

§:3S 

8.&0I0 

KS 
968 
96« 
966 

803091   . 

804704 

806860 

SOOBlt 

808006 

167964161 
168196608 

looiison 

170661404 
170969876 

23.41M 
23.4847 
28.5100 
23.5872 
28.5684 

8.1983 
8.20n 
8.2061 
8.2180 
8.2180 

610 

617 
618 
610 
620 

979466 
880680 

881094 
888161 
884480 

288T44896 
23488Uia 
230029082 
2S71708G0 
288688D0Q 

H.8108 
24.8806 
24.8596 
24.8797 
24.8898 

8.6086 

8.6094 
8.6910 

966 

667 
866 
866 

666 

809196 
310249 
StlSM 
812481 
818600 

1718796U 
172808608 
178741112 
174076870 
176011000 

38.67OT 
23.6008 
23.6220 
23.6482 
28.6648 

8!22T8 
8.2927 
8.2877 
8.2496 

021 
623 
018 
094 
026 

886641 

888884 
388199 
880876 
890026 

280488061 

241804867 
242010624 
244MO086 

24.9190 
24.9809 
24.96DQ 

'  8.5810 
8.6869 
8.5406 
8.5468 
&&400 

961 
868 
868 
804 
866 

814721 
816844 
810969 
818006 
819296 

176868481 
177804898 
178468547 
179406144 
180062186 

28.6864 
28.7066 
23.7276 
23.7487 
28.7607 

8.9475 
8.2524 
8.2678 
82621 
8.2670 

026 
627 
028 
029 
080 

89iar6 

896139 
894864 
8956U 
886000 

245884676 
246491888 
247078162 
848858188 
2500*3000 

95.0200 
25.0400 
25.0600 
25.0790 

26.0066 

8.6644 
8.6808 
8.6686 
8.5061 
8.5796 

666 

667 
668 
666 

670 

320S86 
321480 
822624 
323761 
824800 

181631486 
182284368 
188260482 
184920000 
186196000 

28.7906 
23.8118 
23.8828 
83,8587 
28.8747 

8.2719 
8.3708 
8.2816 
8.2666 
8.2918 

681 
882 
638 
684 
086 

898161 

4O0196O' 
408225 

251280601 
252485068 
253686187 
2548«0104 
256047876 

25.1197 
25.1306 
25.1606 
25.1784 
25.1992 

8.6119 
8.6617 
8.5868 
8.6007 
8.5063 

671 
673 
878 

326041 
327184 
89B829 
82»«r6 
99006 

186160411 
187140848 

isstamn 

180119984 
190169975 

28.8980 
28.9106 
23.9874 
23.9689 
98.9799 

8.2992 
8.3010 
8.8080 
8.810(7 
8.8186 

696 
687 
688 
089 

640 

404496 
406760 
407044 
406821 
400000 

257260466 
2584f4H68 
259694072 
260017110 
lOlMttOO 

25.2100 
25.2389 
25u2587 
25.2784 
36.2991 

8.5697 
8.6048 
8.6686 
8.61J1 
6.0171 
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No. 

Bqtuum. 

Cube. 

8q.R6. 

C.B9, 

641 

410681 

363874721 

35.3180 

8.6222 

706 

498486 

861886816 

28.5707 

8.8048 

9ta 

412164 

26.8877 

8.6967 

707 

490648 

863803243 

26.5896 

8.9086 

«a 

418448 

966847707 

96.3674 

8.6812 

706 

601964 

854804012 

96.6068 

8.9197 

644 

414786 

267088884 

25.8772 

8.6857 

709 

602681 

856400829 

26.6271 

8.9160 

646 

416026 

26888tt26 

35.3960 

8.6401 

710 

604100 

867811000 

96.6468 

8.02U 

646 

417816 

289686186 

26.4166 

8.6446 

711 

606691 

850496481 

96.6646 

8.0968 

64T 

^8000 

270840023 

25.4869 

8.6400 

713 

606044 

860044188 

96.6888 

8.0386 

648 

419004 

972007702 

26.4668 

8.6686 

713 

608860 

862467007 

96.70n 

8.8687 

640 

421901 

2789S0440 

26.4766 

8.6510 

714 

600706 

863804844 

96.7906 

8.8618 

«• 

422600 

974628000 

36.4861 

8.6624 

716 

611336 

865096676 

96.7886 

8.0490 

661 

42S801 

976804661 

36.6147 

8.6868 

716 

619066 

867061686 

96.7589 

8.0469 

66S 

426104 

277161806 

25.5848 

8.6718 

717 

614080 

868601618 

96.7768 

8.8666 

66S 

426400 

978446077 

25.5580 

8.6767 

718 

616634 

870146982 

36.7966 

8.8646 

664 

427716 

97079696 

25.5784 

8.6601 

710 

616961 

871604960 

96.8143 

8.8687 

666 

429681 

9810Uf76 

86.6660 

8.6846 

790 

618400 

878948060 

96.8896 

8.9638 

666 

4S0886 

g800416 

26.6126 

8.6800 

791 

619641 

874806861 

96.8614 

8.9610 

66T 

481640 

26.6890 

8.6164 

799 

691384 

376867646 

96.8701 

e.97U 

668 

482064 

98480061! 

26.66» 

8.6078 

728 

632780 

877888067 

96.8887 

8.9767 

484381 

986191170 

25.6710 

3.7033 

724 

624176 

879608494 

96.9072 

8.9704 

«6» 

486600 

967486880 

26.6006 

8,7668 

726 

626626 

881018196 

96.9268 

8.9886 

661 

486021 

988804781 

36.7060 

8.nio 

796 

627076 

882667176 

96.9444 

8.9876 

662 

488244 

990117688 

85.7204 

8.7164 

727 

628620 

884910668 

96.96» 

8.90I8 

668 

488860 

901484247 

26.7488 

8.7186 

728 

699084 

386828862 

.  96.9816 

8.9060 

664 

440808 

sssa 

95.7689 

8.7341 

720 

581441 

887490489 

27. 

9. 

668 

442296 

36.7876 

8.7186 

780 

682900 

880017000 

37.0186 

9.00tt 

666 

448666 

996406986 

36.8070 

8.7610 

781 

684861 

890^7801 

87.0870 

9.0089 

69r 

444880 

996768868 

25.8968 

8.7SI8 

782 

685824 

892238168 

37.0666 

9.0128 

688 

446294 

996077689 

35.8467 

8.M16 

788 

687980 

893881867 

27.0760 

9.0164 

«6 

447661 

M04M88I 

25.8660 

8.7460 

784 

688766 

895446964 

27.0034 

9.6906 

€19 

448800 

26.8844 

786 

640996 

897066876 

37.1166 

9.0946 

671 

460941 

oontmi 

26.9067 

8.7647 

786 

641606 

888688166 

27.1388 

9.0M7 

6TS 

461584 

806464441 

$S& 

8.7660 

787 

548169 

400816668 

401947973 

37.1477 

9.0818 

«7S 

462920 

804821917 

8.7684 

788 

544644 

37.1663 

9.0060 

674 

464276 

806189804 

96.9616 

8.7677 

780 

646191 

403688410 

37.1846 

0.0610 

696 

466696 

807646876 

96J806 

8.7791 

740 

647600 

405294600 

87.9039 

0.0410 

676 

468076 

808016776 

'  96. 

8.7764 

741 

548061 

406880021 

37.3818 

9.0401 

6n 

468820 

810288788 

26.0192 

8.7807 

748 

406616488 

87.3807 

9.0689 

6T8 

460684 

811686762 

26.0384 

8.7860 

748 

559040 

410179407 

37.2560 

9.0079 

079 

461041 

813046889 

96.0576 

8.7868 

744 

558536 

411880784 

27.2764 

9.0618 

680 

462400 

314489880 

96.0768 

8.7967 

746 

566026 

413466626 

27.2047 

0.0664 

681 

46S761 

816691941 

96.0960 

8.7980 

746 

556516 

415160666 

27J186 

9.0084 

6M 

466194 

817914688 

26.1161 

8.8028 

747 

568000 

416869798 

27.8318 

9.0786 

688 

466480 

818611967 

26.1848 

8.8006 

748 

418508692 

27.3486 

9.0776 

684 

467866 

820018604 

26.1584 

&8109 

748 

H 

420180748 

27.8679 

9.0816 

686 

460296 

821410126 

26.1726 

&8162 

750 

421875000 

27.8861 

9.0666 

686 

470666 

822888866 

96.1916 

8.8104 

761 

564001 

423664761 

37.4044 

9.0866 

687 

471960 

824249708 

26.2107 

8.8287 

752 

566504 

425260008 

27.4226 

9.0087 

688 

478844 

826680679 

26.2208 

&8280 

753 

567000 

428057777 

27.4408 

9.fl0n 

686 

474791 

827082769 

26.9488 

8.8898 

754 

568616 

428661064 

27.4501 

9.1617 

680 

476100 

828608060 

96.9670 

8.8866 

756 

570026 

430868876 

27.4778 

9.1667 

an 

477481 

829060871 

96.2860 

&840e 

756 

6n586 

432061316 

27.4866 

9.1066 

603 

478864 

331878886 

96.8060 

8.8461 

757 

573040 

433798008 

27.5186 

9.1188 

608 

480249 

83'/812667 

26.8240 

8.8488 

758 

574564 

435519612 

27.5818 

9.1178 

6M 

481696 

8^266884 

26.8480 

8.8686 

750 

576081 

437246479 

27.5500 

9.1916 

606 

488036 

836702876 

96.8620 

8.8676 

760 

sneoo 

438076000 

27.5681 

9.1966 

606 

484416 

8sn68586 

26.8818 

8.8631 

761 

579121 

440711061 

27.5862 

9.1296 

6B7 

486800 

iammn 

26.4008 

8.8668 

762 

580644 

442460728 

27.6043 

0.1888 

608 

487204 

84006839*^ 

28.4197 

8.8706 

763 

582160 

444194847 

27.6226 

0.1878 

609 

488601 

341532099 

26.4386 

8.8748 

764 

683696 

445943744 

27.6406 

9.1418 

700 

480000 

843000000 

26.4675 

a8790 

766 

686225 

447097125 

27.6586 

9.1468 

701 

491401 

844473101 

26.47M 

8.8838 

766 

586756 

449466006 

27.6767 

9.1486 

70S 

492H04 

845948408 

26.4968 

8.8875 

767 

588289 

451217663 

27.6948 

9.1687 

70S 

486616 

347428047 

26.5141 

8.8917 

768 

689824 

452984832 

27.7128 

9.1677 

2* 

848818664 

26.5330 

8.8066 

760 

591361 

454766809 

27.7306 

9.1617 

106 

487096 

96.6618 

8.9001 

770 

692900 

456633000 

L^  27.7480 

^oog 

8.1667 
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TAWE  of  Squares,  Cikb«s,  Square  Moots,  anA  Cnbe 
of  Ifanibers  from  1  to  10«a'^<CMniiiUKP^> 


Ko. 

Sqaara. 

Onbe. 

8q.  Bt. 

O.  R«. 

No. 

SqtMtfe. 

Oab«. 

8q.«l. 

aR% 

ni 

694441 

458314011 

27.7669 

9.1686 

836 

016806 

584r7066 

28.9187 

9.4204 

na 

595984 

27.7849 

9.1738 

837 

700669 

586876253 

tsi; 

9.4241 

T78 

597520 

461889917 

27.8029 

9.1775 

888 

702244 

588480472 

9.4279 

774 

599076 

463684824 

27.8209 

9.1815 
9.1856 

889 

703921 

590689719 

28.9665 

9.4816 

776 

600625 

466484375 

27.8388 

840 

706600 

699704000 

28.9628 

9.4864 

776 

602176 

467288676 

27.8668 

9.1894 

841 

707281 

5948SS811 

39. 

9.4891 

777 

60S729 

469097433 

27.8747 

9.198S 

842 

708664 

596947688 

39.0173 

•*12 

778 

605284 

470910962 

27.8027 

9.1973 

848 

710649 

699077107 

39.0846 

9.4488 

779 

606841 

472729139 

27.9106 

9.2012 

844 

712336 

601211684 

29.0617 

9.4688 

780 

608400 

474652000 

27.9286 

9.2062 

846 

714026 

608861186 

39.0689 

9.4M1 

781 

609961 

476379541 

27.9464 

9.2091 

846 

716716 

606406796 

39.0661 

9.4678 

782 

611524 

478211768 

27.9643 

9.2130 
9.2170 

847 

717409 

607648428 

29.1088 

9.4815 

788 

613089 

480048687 

27.9821 

848 

719104 

600600192 

29.1904 

9.4662 

784 

614656 

481890304 

28. 

9.2209 

849 

790601 

611906049 

29.1876 

9.4690 

785 

616225 

483736625 

28.0179 

9.2248 

880 

722500 

6141M680 

39.1648 

9.47t7 

788 

617796 

485587666 

28.0357 

9.2287 

861 

724J01 

6162^061 

29.1719 

9.4TS4 

787 

619S69 

487443403 

28.0535 

9.2326 

852 

725904 

618470108 

29.1890 

9.4861 

788 

S20944 

489303872 

28.0713 

9.2365 

853 

727609 

620666477 

29.2062 

9.4888 

789 

622521 

491169069 

28.0691 

9.2404 

854 

729816 

622886864 

29.2288 

9.4876 

790 

624100 

498039000 

28.1009 

9.2443 

865 

781025 

628016878 

29.3404 

9.4912 

791 

625681 

494013671 

28.1247 

9.2482 

866 

782788 

62721S0I8 

29.2676 

9.494S 

793 

627264 

496793088 

28.1425 

9.2521 

857 

784449 

39.3r46 

9.4888 

798 

628849 

498677257 

28.1603 

9.2560 

868 

736164 

631628712 

39.3916 

9.6038 

794 

6S04S6 

500566184 

28.1780 

9.2580 

859 

787881 

688689779 

39.8087 

9.6080 

79( 

682025 

502459875 

28.1957 

9.^638 

800 

789600 

39.8968 

9.60i? 

796 

683616 

504868886 

28.2135 

9.2677 

861 

741821 

6S8STtS81 

39.8438 

9.6184 

797 

6S5209 

506261573 

28.2312 

9.2716 

862 

743044 

640008028 

39.8896 

9.6171 

198 

6S6804 

508169692 

28.2489 

9.2754 

863 

744760 

643788847 

29.8769 

9.6307 

T99 

638401 

510062899 

28.2666 

9.2703 

864 

746496 

644679644 

29.8989 

9.6944 

800 

640000 

512000000 

28.2843 

9.2832 

866 

748226 

647214026 

39.4109 

9.6361 

801 

641601 

513922401 

28.3019 

9.2870 

866 

749968 

64(M8n98 

39.4979 

9JS17 

SOS 

643204 

515849608 

28.3196 

9.2900 

867 

751689 

651T14868 

39.4449 

9.6S64 

80S 

644809 

517781627 

28.3373 

9.2948 

868 

753424 

658073062 

39.4618 

9.6881 

804 

646416 

519718464 

28.3549 

9.2986 

868 

755161 

658384600 

39.4788 

9.643T 

806 

648025 

521660125 

28.3725 

9.3025 

870 

766900 

668608000 

29.4068 

9.6484 

SOS 

649636 

528606616 

28.3901 

9.3063 

871 

768ea 

660778811 

39.6117 

9J601 

807 

651249 

525657943 

28.4077 

9.3102 

872 

760684 

668064648 

39.62N 

9.668T 

808 

652864 

527514112 

28.4263 

9.3140 

873 

7621 » 

666868617 

39.6466 

9.8874 

809 

654481 

529475129 

28.4429 

9.3179 

874 

768878 

667837834 

29.5636 

9.8818 

810 

656100 

531441000 

28.4606 

9.3217 

876 

766628 

680931676 

29.6604 

9.6847 

811 

657721 

538411781 

28.4781 

9.8255 

878 

767878 

673331876 

29.5978 

9J88S 

81S 

659344 

536387328 

28.4956 

9.3294 

617 

769129 

674838188 

39.6142 

9.6719 

81S 

660060 

537367797 

28.5132 

9.3332 

878 

n0884 

676888162 

29.6811 

9.6768 

814 

662506 

539853144 

28.5807 

9.3370 

879 

n2641 

679161489 

29.6479 

9.6793 

815 

664225 

641343375 

28.6482 

9.3408 

880 

n4400 

681473000 

39.6648 

9.6838 

816 

665866 

643838496 

28.5667 

9.3447 

881 

776161 

688791841 

39.6816 

9J886 

817 

667489 

545338613 

28.5832 

9.3485 

882 

777924 

686128868 

39.6966 

9.8901 

818 

669124 

547343432 

28.6007 

9.3523 

883 

779689 

688466387 

29.7163 

9.6087 

819 

670761 

549353259 

28.6182 

9.3561 

884 

781466 

69oeono4 

29.7831 

9.6078 

890 

672400 

561368000 

28.6356 

9.3599 

885 

783225 

693164126 

39.7489 

9.6010 

821 

674041 

553387661 

28.6531 

9.3637 

886 

784996 

696608466 

39.7668 

9.8048 

822 

823 

675684 

665412248 
657441767 

98.6766 
28.6880 

9.8713 

887 
888 

786769 

788644 

697884108 
700317072 

li 

9.8083 
9.8II8 

834 

678976 

569476224 

28.7054 

9.3751 

889 

790S21 

702695369 

39.S161 

9.6164 

826 

680626 

561615625 

28.7228 

9.3788 

880 

792100 

704969000 

39.6829 

9.6198 

826 

682276 

563569976 

28.7402 

9.3827 

891 

793881 

707847971 

89.8496 

9.6228 

827 

683929 

565609283 

28.7576 

9.3865 

892 

796664 

709782986 

29.8664 

9.6263 

828 

685584 

567663532 

28.7750 

9.3902 

893 

797449 

712121957 

29.8831 

9.6298 

629 

687241 

569722789 

28.7924 

9.3940 

894 

799236 

714516884 

29.8998 

9.6334- 

880 

688900 

571787000 

28.8097 

9.3978 

896 

801026 

716917375 

29.9166 

9.6370 

881 

690661 

573866191 

28.82n 

9.4016 

896 

802816 

719328186 

29.9333 

9.6406 

882 

692224 

575930368 

28.8444 

9.4053 

897 

804609 

721784273 

29.9500 

9.6442 

8SS 

8S4 

693889 

578009637 

28.8617 

9.4091 

898 

806404 

724150792 

29.9666 

9.6477 

680098704 

28.8791 

9.4129 

899 

808201 

726572699 

29.9833 

9.6518 

8S6 

697226 

6SB182876 

26.8964 

9.4166 

900 

810000 

iigiti 

7290QMrOO 

zedby  VjC 
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lares.  Cubes,  teiiaM  BM>tm  and  Cube  R^i^liy 
or 'Cambers  from  1  to  lA#a^(OoNTiNU£D.) 


Ho. 

Square. 

Cube. 

Sq.Bt. 

O.Bt. 

Ho. 

8Q]aar0. 

Cube. 

Sq.Bt. 

O.BX. 

801 
902 
90S 
904 
906 

811801 
813604 
815409 
817216 
819026 

731432701 
733870808 
•  736314327 
738763364 
741217635 

30.0167 
30.0383 
30.0500 
30.0666 
30.0832 

9.6585 
9.6630 
9.6668 
9.6603 
9.6727 

951 
953 
953 
054 
965 

904401 
906304 

910116 
912025 

860085351 
862801408 
865523177 
868250664 
870983875 

80.8383 
80.8545 
80.8707 
80.8869 
80.9081 

9.8389 
9.8874 
0.8400 
9.84a 
9.8477 

9M 

90T 
908 
909 

910 

820636 
822649 
824464 
826281 
828100 

748877418 
74614264S 
748618312 
751089439 
758671000 

30.0998 
80.1164 
30.1330 
30.1496 
30.1662 

9.6768 
9.6790 
9.6834 
9.6870 
9.6905 

956 
957 
958 
059 
960 

913936 
915849 
917764 
919681 
931600 

873722816 
876467498 
879217912 
881974079 
884736000 

30.9192 
30.9854 
30.9516 
30.9677 
80.9889 

9.8511 
9.8546 
9.8580 
9.8614 
9.8648 

911 
912 
918 
914 
918 

829931 
881744 
833589 
835896 
837235 

758068081 
738650638 
761048407 
768661944 
766060875 

30.1828 
30.1903 
30.2159 
30.2334 
30.2480 

9.6041 
9.8076 
9.7012 
9.7047 
9.7082 

961 
962 
963 
964 
965 

933521 
935444 
927809 

931335 

887503681 
890377128 
898056847 
895841344 
898638125 

31. 

31.0M1 

31.0833 

81.0188 

81.0044 

9.8683 
9.87n 
9.8761 
9.8786 
9.8819 

•18 
•17 
•18 
919 
980 

830066 

840689 
842724 
844561 
846400 

768676398 
77160^318 
773630882 
776151659 
778668900 

30.2665 
30.2880 
30.2965 
30.3150 
80.3815 

9.7118 
9.7163 
0.7188 
9.7224 
9.7259 

966 
967 
968 
969 
970 

933156 
94^ 

901428696 
904381663 
907099282 
909658209 
912673000 

31.0805 
81.0966 
31.1127 
31.1288 
81.1448 

9.8864 
9.8888 
9.80B 
9.8960 
9.889C 

•a 
•a 

•ss 

•M 
•36 

8482U 
860888 

861939 
853776 

8556S5 

781239981 

783777448 
786880467 
788889034 
791458135 

30.3480 
30!4138 

9.7864 
9.7400 
9.7435 

971 
973 
978 
974 
976 

942841 
944784 
946739 
9486T6 
960635 

915498611 
918380048 
921187817 
924010424 
936859375 

31.1609 
81.1760 
31.1929 
31.3090 
31.2350 

9.9034 
9.9068 
9.900B 

9.9196 
9.9100 

•96 
937 
9» 
9» 
.980 

867478 
85983B 
861184 
863041 
864000 

7940111m 
798687988 
790178^2 
80ln5089 
804867000 

30.4802 
30.4467 
80.4fi31 
30.4795 
30.4059 

9.7470 
9.7505 
9.7540 
9.7575 
9.7610 

976 

on 

960 

910400 

929714176 
932574838 
935441852 
938818T89 
941192000 

31.2410 
81.2570 
81.2780 
31.2890 
31.3060 

9.9194 
9.9337 
9.9361 
9.9395 
9.9330 

961 
•8S 
•88 

•64 
•66 

866781 

S70480 
872866 
874835 

.',14780504 
817400875 

90.5128 
30.5287 
30.5450 
30.5614 
30.5778 

9.7645 

9!7n5 
9.7750 
9.77§5 

981 
988 

1^ 

985 

1 

944076141 
94^66108 
949883067 
953768904 
965671635 

81.3209 
81.3800 
31.3528 
31.3688 
31.3847 

9.9363 

9!94a0 
9.9404 
9.94017 

•66 

•87 
•68 
8S8 

040 

876096 
8^7989 
879044 
881721 

ssaoo 

830006868 
822658968 
825203872 
827088019 
830564000 

30.59a 
30.6105 
30.6368 
30.6481 
80.6594 

•.X819 

9!l924 
9.7969  ; 

986 
987 
988 
989 
990 

972196 
974169 

958585256 
961504803 
964480272 
967861689 
970299000 

81.4006 
31.4160 
31.4826 
81.4484 
31.4643 

9.9531 
9.9106 
9.9608 
9.9003 
9.0t86 

•41 
94S 
94S 
944 
946 

865481 
887864 
889248 
a9US8 

888881631 

835808888 
838501807 
K41232884 
843808835 

30.7083 
30.7fM6 
30.7400 

9.8132 

991 
993 

993 
994 

995 

980049 
968036 
990035 

973242271 
97619148B- 
979148657 
9e2t07784 
986074875 

31.4802 
31.4960 
31.5119 
81.5278 
31.5436 

9.9e9» 
9.9788 
9.9766 
9.9800 

9.9688 

•48 
947 
948 
949 
968 

894816 

8968O0 
898704 
900801 
902600 

846690686 
849378123 
831971392 
K54870349 
857875000 

90.7571 
30.7784 
30.7896 
30.8O08 
30.8221 

9.8167 
9.83Q1 
9.8336 
9.8370 
9.8305 

996 
997 
998 
999 
1000 

992016 

998001 
1000000 

986047936 
991036978 
994011998 
997002999 
1000000000 

81.5595 
31.5753 
81.5011 
81 .6070 
Sl.<rj28 

9.9866 
9.9000 
9.9988 

9.9901 
10. 

I0  find  the  square  or  enbe  of  any  whole  number  endlnir 
with  ciphers.    First,  omit  all  the  final  ciphers.    Take  fyom  the  table  the 

Ma*r«  or  o«M<u  the  oase  mfty  be)  of  the  rest  of  the  number.,  To  this  square  add  twice  an  maDj 
ciphers  as  there  were  dual  ciphers  in  the  origioal  number.  To  the  cube  add  three  tlmei  a«  many  as 
in  the  original  namber.  Thus,  for  905003 ;  905s=: 819025.  Add  twice  2  oipbera.  obtaiuiog  8190250000. 
For  ((05003,  9053  =  741317035.    Add  8  times  2  ciphers,  obtaining  741317625000000. 
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Square  Roots  and  €nbe  R<M>ts  of  Mambers  from  1000  to  10000. 


No 

eiTon. 

Xuiu. 

Sq.  Rt. 

Cu.  Rt. 

Num. 

Sq.  Rt. 

Cu.  Rt. 

Num. 

Sq.  Rt. 

Cu.Rt. 

Num. 

Sq.  Rt. 

Cu.  Rt, 

1005 

31.70 

10.02 

1405 

87.48 

11.20 

1805 

42.49 

12.18 

2205 

46.96 

13.02 

lOlO 

31.78 

10.03 

1410 

87.55 

11.21 

1810 

42.54 

12.19 

2210 

47.01 

13.03 

1015 

31.86 

10.05 

1415 

87.62 

11.23 

1815 

42.60 

12.20 

2215 

47.06 

13.04 

lOLK) 

31.94 

10.07 

14-20 

37.68 

11.24 

18-20 

42.66 

12.21 

2220 

47.12 

13.05 

1025 

32.02 

10.08 

1425 

37.75 

11.25 

1825 

42.72 

12.22 

2225 

47.17 

13.05 

1030 

.S2.09 

10.10 

1430 

37.82 

11.27 

1830 

42.78 

12.23 

2230 

47.22 

13.06 

1035 

32.17 

10.12 

1435 

37.88 

11.28 

1835 

42.84 

12.24 

2235 

47.28 

13.07 

1040 

32.25 

10.13 

1440 

37.95 

11.29 

1840 

42.90 

12.25 

2240 

47.33 

13.08 

1045 

32.33 

10.15 

1445 

38.01 

11.31 

1845 

42.95 

12.26 

2245 

47.38 

13.09 

1050 

32.40 

10.16 

1450 

38.08 

11.32 

1850 

43.01 

12.28 

2250 

47.43 

13,10 

1055 

32.48 

10.18 

1455 

38.14 

11.33 

1855 

43.07 

12.29 

2255 

47.49 

13.11 

1060 

32.56 

10.20 

1460 

38.21 

11.34 

1860 

43.13 

12.30 

2260 

47.54 

13.12 

1065 

32.63 

10.21 

1465 

38.28 

11.36 

1865 

43.19 

12.31 

2265 

47.59 

13.13 

1070 

32.71 

10.23 

1470 

38.34 

11.37 

1870 

43.24 

12.32 

2270 

47.64 

13.14 

1075 

32.79 

10.24 

1475 

38.41 

11.38 

1875 

43.30 

12.. 33 

2275 

47.70 

13.15 

1080 

32.86 

10.26 

1480 

38.47 

11.40 

1880 

43.36 

12.34 

2280 

47.75 

13.1S 

1085 

82.94 

10.28 

1485 

38.54 

11.41 

1885 

43.42 

12.35 

2285 

47.80 

13.17 

1090 

33.02 

10.29 

1490 

38.60 

11.42 

1890 

43.47 

12.36 

2290 

47.85 

13.18 

1095 

33.09 

10.31 

1495 

38.67 

11.43 

1895 

43.53 

12.37 

2295 

47.91 

18.19 

1100 

33.17 

10.32 

1500 

38.73 

11.46 

1900 

43.59 

12.39 

2300 

47.96 

13.20 

1J05 

33.24 

10.34 

1505 

38.79 

11.46 

1905 

43.65 

12.40 

2305 

48.01 

13.21 

1110 

33.32 

10.35 

1510 

38.36 

11.47 

1910 

43.70 

12.41 

2310 

48.06 

13.22 

1115 

33.39 

10.37 

1515 

38.92 

11.49 

1915 

43.76 

12.42 

2315 

48.11 

13,23 

1120 

33.47 

10.38 

1520 

38.99 

11.50 

1920 

43.82 

12.43 

2320 

48.17 

13,24 

1125 

33.54 

10.40 

1525 

39.05 

11.51 

1925 

43.87 

12.44 

2325 

48.22 

13.25 

1130 

33.62 

10.42 

1530 

39.12 

11.52 

1930 

43.93 

12.45 

23;W 

48.27 

13.26 

1135 

83,69 

10.43 

1535 

89,18 

11.54 

1935 

43.99 

12.46 

2335 

48.32 

13.27 

1140 

33.76 

10.45 

1540 

39.24 

11.55 

1940 

44.05 

12.47 

2340 

48-37 

13.28 

1145 

33.84 

10.46 

1545 

89.31 

11.56 

1945 

44.10 

12.48 

2345 

48.43 

13.29 

1150 

33.91 

10.48 

1550 

89.37 

11.57 

1950 

44.16 

12.49 

2350 

48.48 

13.30 

1155 

33.99 

10.49 

1555 

39.43 

11. ,^9 

195& 

44.22 

12.50 

2355 

48.53 

13.80 

1160 

34.06 

10.51 

1560 

39.50 

11.60 

1960 

44.27 

12.51 

2360 

48.58 

13.31 

1165 

34.13 

10.52 

1565 

39.56 

11.61 

1965 

44.33 

12.53 

2365 

48.63 

13.32 

1170 

84.21 

10.54 

1570 

39.62 

11.62 

1970 

44  ..38 

12.54 

2370 

48.68 

13.33 

1175 

34.28 

10.55 

1575 

89.69 

1 1 .63 

1975 

44.44 

12.55 

2375 

48.73 

13.34 

1180 

34.35 

10.37 

1580 

39.75 

11.65 

1980 

44.50 

12.56 

2380 

48.79 

13.35 

1185 

34.42 

10.58 

1585 

89.81 

11.66 

1985 

44.55 

12.57 

2385 

48.84 

13.36 

1190 

3i.50 

lO.fiO 

1590 

39.87 

11.67 

1990 

44.61 

12.58 

2390 

48.89 

18.37 

1195 

84.57 

10.61 

1595 

89.94 

ll.fiS 

1995 

44.67 

12.59 

2395 

48.94 

13.38 

1200 

34.64 

10.63 

1600 

40.00 

11.70 

2000 

44.72 

12.60 

2400 

48.99 

13,39 

1205 

34.71 

10.  &t 

1605 

40.06 

11.71 

20O5 

44.78 

12.61 

2405 

49.04 

13.40 

1210 

34.79 

10.66 

1610 

40.12 

11.72 

2010 

44.83 

12.62 

2410 

49.09 

13.41 

1215 

34.86 

10.67 

1615 

40.19 

11.73 

2015 

44.89 

12.63 

2415 

49.14 

13.42 

1220 

34.93 

lOM 

1620 

40.25 

11. 7t 

2020 

44.94 

12.64 

2420 

49.19 

13.43 

1225 

85.00 

10.70 

1625 

40.31 

11.76 

2025 

45.00 

12.65 

2425 

49.24 

13.43 

1230 

35.07 

10.71 

1630 

40.37 

11.77 

2030 

45.06 

12.66 

2430 

49.30 

13.44 

1235 

35.14 

10.73 

1635 

40.44 

11.78 

2035 

45.11 

12.67 

2435 

49.35 

13,45 

1340 

35.21 

10.7t 

1610 

40.50 

11.79 

2040 

45.17 

12.68 

2440 

49.40 

.  13.4e 

1245 

85.28 

10.76 

1645 

40.56 

ll.f^O 

2045 

45.22 

12.69 

2445 

49.45 

13,47 

1250 

85.36 

10.77 

1650 

40.62 

I1.H2 

2050 

45. -28 

12.70 

2450 

49.50 

13.48 

1255 

35.43 

10.79 

1655 

40.68 

11. H3 

2055 

45.33 

12.71 

2460 

49.60 

13.50 

1260 

35.50 

10.80 

1660 

40.74 

11.84 

2060 

45.. W 

12.72 

2470 

49.70 

13.52 

265 

35.57 

10.82 

1665 

40.80 

11.85 

2065 

45.44 

12.73 

2480 

49.80 

13.54 

270 

35.64 

lO.Ki 

1670 

40.87 

11,  W 

2070 

45.50 

12.74 

2490 

49.90 

13.55 

1275 

85.71 

10.84 

16T5 

40.93 

11.88 

2075 

45.55 

12.75 

2500 

50.00 

13.57 

1280 

35.78 

10.86 

1680 

40.99 

11.89 

2080 

45  61 

12.77 

2510 

50.10 

13.59 

1285 

35.85 

10.87 

1685 

41.05 

ll.!M> 

2085 

45.66 

12.78 

2520 

50.20 

13,61 

1290 

35.92 

10.89 

1690 

41. U 

11.91 

2090 

45.72 

12,79 

2530 

5030 

13.63 

1295 

35.99 

10.90 

1695 

41.1T 

11.02 

2095 

45.77 

12.80 

2540 

50.40 

13.64 

1300 

86.06 

10.91 

1700 

41.23 

1 1  .m 

2100 

45.83 

12.81 

2550 

60  50 

1S.66 

1305 

86.12 

10.93 

1705 

41.29 

1 1  .!J5 

2105 

45.88 

12.82 

2560 

50.60 

13.68 

1310 

86.19 

10.94 

1710 

41.35 

1!.!)(J 

2110 

45.93 

12.H3 

2570 

50.70 

13.70 

1315 

86.26 

10.96 

1715 

41.41 

11.97 

2115 

45.99 

12.84 

2580 

50.79 

13.72 

1320 

86.33 

10.97 

1720 

41.47 

11.98 

2120 

46.04 

12.R) 

2590 

50.89 

13.73 

1325 

36.40 

10.98 

1725 

41.53 

ll.!>9 

2125 

46.10 

12.86 

2600 

50.99 

1.3.75 

1350 

36.47 

11.00 

1730 

41.59 

12.00 

2130 

46.15 

12.87 

2610 

51.09 

1,^.77 

1335 

36.54 

11.01 

1735 

41.65 

12.02 

2135 

46.21 

12.8^ 

2620 

51.19 

13.79 

1340 

86.61 

n.02 

1Y40 

41.71 

12.03 

2140 

46.26 

12.89 

26;w 

51.28 

13.80 

1345 

36.67 

11.04 

1745 

41.77 

12.04 

2145 

46.31 

12.90 

2640 

51.38 

1.3.82 

1350 

36.74 

11.05 

1750 

41.83 

12.05 

2150 

46.37 

12.91 

2650 

61.48 

13.84 

1355 

36.81 

11.07 

1755 

41.89 

12.06 

2155 

46.42 

12.92 

2660 

61.58 

13.86 

1360 

36.88 

11.08 

1760 

41.95 

12.07 

2160 

46.48 

12.93 

2670 

51.67 

13,87 

1365 

36.95 

11.09 

1765 

42.01 

12.09 

2165 

46.53 

12.94 

2680 

51.77 

I3.H9 

1370 

37.01 

11.11 

17T0 

42.07 

12.10 

2170 

46.58 

12.95 

2690 

51.87 

13.91 

1375 

37.03 

11.12 

1775 

42.13 

12.11 

2175 

46.64 

12.96 

27W) 

51.96 

13.92 

1380 

37.15 

11.13 

1780 

42.19 

12.12 

2180 

46.69 

12.97 

2710 

52.06 

13.94 

1385 

37.22 

11.15 

1785 

42.25 

12.13 

2185 

46.74 

12.9W 

2720 

52.15 

13.96 

1390 

37.28 

11.16 

1790 

42.31 

12.14 

2190 

46.80 

I2,y9 

2730 

52.25 

13.98 

1395 

37.35 

11.17 

1795 

42.37 

12.15 

2195 

46,86 

13.00 

2740 

52.35 

13.99 

1400 

37.42 

11.19 

1800 

42.43 

12.16 

2200 

46.90 

13.0lJ 

^  2750 

52.44 

14.01 
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SQUARE  AND  CUBE  BOOTS. 


Are  VUhUm  anfl  Cabe  Roots  of  Nubers  flrom  1000  tolOOO* 

— (Continued.) 


Num. 

Sq.  Rt. 

Cu.  Rt. 

Kum. 

Sq.  Rt. 

C«.  Rt. 

Nnm. 

Sq.  Rt. 

Cu.Rt. 

Num. 

Sq.  Rt. 

Cu.  Rt. 

3760 

52.54 

14.03 

3550 

59.58 

15.25 

4340 

65.88 

16.31 

5130 

71.62 

17.25 

2770 

52.63 

14.04 

3560 

69.67 

15.27 

4350 

65.95 

16.32 

5140 

71.69 

17.26 

2780 

52.73 

14.06 

3570 

69.75 

15.28 

4360 

66.03 

16.34 

6150 

71.76 

17.27 

3790 

52.82 

14.08 

3680 

59.83 

15.30 

4370 

66.11 

16.35 

5160 

71.83 

17.28 

2800 

52.92 

14.09 

3590 

69.92 

15.31 

4380 

66.18 

16.36 

5170 

71.90 

17.29 

2810 

53.01 

14.11 

3600 

60.00 

15.33 

4390 

66.26 

16.37 

5180 

71.97 

17.30 

2820 

53.10 

14.13 

3610 

60.08 

15.34 

4400 

66.33 

16.39 

5190 

72.04 

17.31 

3830 

53.20 

14.14 

3620 

60.17 

16.35 

4410 

66.41 

16.40 

5200 

72.11 

17.3a 

2840 

53.29 

14.16 

3630 

60.25 

15.37 

4420 

66.48 

16.41 

6210 

72.18 

17.34 

2850 

53.39 

14.18 

3640 

60.33 

16.38 

4430 

66.56 

16.42 

6220 

72.25 

17.35 

2im 

53.48 

14.19 

3650 

60.42 

15.40 

4440 

66.63 

16.44 

6230 

72.32 

17.36 

3870 

63.57 

14.21 

3660 

60.50 

15.41 

4450 

66.71 

16,45 

5240 

72.39 

17,37 

28ao 

63.67 

14.23 

3670 

60.58 

15.42 

4460 

66.78 

16,46 

5250 

72.46 

17. .38 

3890 

53.76 

14.24 

S680 

60.66 

16.44 

4470 

66.86 

16.47 

5260 

72,63 

17.39 

3900 

53.85 

14.26 

3690 

60.75 

15.45 

4480 

66.93 

16,49 

5270 

72.59 

17.40 

3910 

53.94 

14.28 

3700 

C0.H3 

15.47 

4490 

67.01 

16.50 

6280 

72.66 

17.41 

3920 

54.04 

14.29 

3710 

60.91 

15.48 

4500 

67.08 

16.51 

5290 

72.73 

17.4» 

2930 

54.13 

14.31 

3720 

60,99 

15.49 

4510 

67.16 

16.52 

5300 

72.80 

17.44 

2940 

54.22 

14.33 

3730 

61.07 

15.51 

4620 

67.23 

16.53 

5310 

72.87 

17.4& 

2950 

54.31 

14.34 

3740 

61.16 

15.62 

4530 

67.31 

16.55 

5320 

72.94 

17.4» 

2960 

54.41 

14.36 

3750 

61.24 

15.54 

4540 

67.38 

16.66 

5330 

73.01 

17.47 

2970 

54.50 

14.37 

3760 

61.32 

16,55 

4550 

67.45 

16.57 

6340 

73.08 

17.4A 

2980 

54.59 

14.39 

3770 

61.40 

15.56 

4560 

67.53 

16.58 

6350 

73.14 

17.4» 

2990 

54.68 

14.41 

37S0 

61.48 

15.58 

4570 

67.60 

16.59 

63tM) 

73.21 

17.50 

8000 

54.77 

14.42 

3790 

61.56 

16.59 

4580 

67.68 

16.61 

5370 

73.28 

17.51 

9010 

54.86 

14.44 

3800 

61  64 

15.60 

4590 

67.75 

16.62 

5380 

73.35 

17.52 

3020 

54.95 

14.46 

3810 

61.73 

15.62 

4600 

67.82 

16.63 

5390 

73.42 

17.68 

3030 

55.05 

14.47 

3820 

61.81 

15.63 

4610 

67.90 

16.64 

5400 

73.48 

17.64 

8040 

55.14 

14.49 

3830 

61.89 

15.65 

4620 

67.97 

16.66 

5410 

73.55 

17.55 

3050 

55.23 

14.60 

3840 

61.97 

15.66 

4630 

68.04 

16.67 

5420 

73.62 

17.67 

3060 

56.32 

14.62 

3850 

62.05 

15.67 

4640 

68.12 

16.68 

5430 

73.69 

17.68 

3070 

55.41 

14.63 

3B60 

62.13 

16.69 

4650 

68.19 

16.69 

5440 

73.76 

17.59 

3080 

55.50 

14.56 

3870 

62.21 

15.70 

4660 

68.26 

16.70 

5450 

73.82 

17.60 

3090 

55.59 

14.57 

3880 

62.29 

15.71 

4670 

68.34 

16.71 

5460 

73.89 

17.61 

SIOO 

55.68 

14.58 

3890 

62.37 

15.73 

4680 

68.41 

16.73 

5470 

73.96 

17.63 

8110 

55.77 

14.60 

3900 

6-2.45 

15.74 

4690 

68.48 

16.74 

6480 

74.03 

17.63 

3in) 

55.86 

14.61 

3910 

62.53 

15.75 

4700 

6856 

16.75 

5490 

74.09 

17.64 

3130 

55.95 

14.63 

3920 

62.61 

15.77 

4710 

68.63 

16,76 

6500 

74.16 

17.65 

3140 

56.04 

14.64 

3930 

62.69 

15.78 

4720 

68.70 

16.77 

5610 

74.23 

17.66 

SlaO 

56.12 

14.66 

3940 

62.77 

15.79 

4730 

68.77 

16.79 

6520 

74.30 

17.67 

8160 

56.21 

14.67 

3950 

62.85 

15.81 

4740 

68.86 

16.80 

6630 

74.36 

17.68 

8170 

56.30 

14.69 

3960 

62.93 

15.82 

4750 

68.92 

16.81 

5540 

74.43 

17.69 

8180 

56.39 

14.71 

3970 

63.01 

15.83 

4760 

68.99 

16.82 

5550 

74.50 

17.71 

8190 

56.48 

14.72 

3980 

63.09 

15.85 

4770 

69.07 

16.  a3 

6560 

74.57 

17.72 

3200 

56.57 

14.74 

3990 

63.17 

15.86 

4780 

69.14 

16.85 

5570 

74.63 

17.73 

3210 

56.66 

14.75 

4000 

63.26 

15.87 

4790 

69.21 

16.86 

5580 

74.70 

17.74 

8220 

56.75 

14.77 

4010 

63.32 

15.89 

4800 

69.28 

16.87 

5590 

74.77 

17.76 

9230 

56.83 

14.78 

4020 

63.40 

15.90 

4810 

69.35 

16.88 

6600 

74.83 

17.76 

8240 

56.92 

14.80 

4030 

63.4a 

15.91 

4820 

69.43 

16  89 

5610 

74.90 

17.77 

8250 

57.01 

14.81 

4O40 

63.56 

15.93 

4830 

69.50 

16.90 

5620 

74.97 

17.78 

3260 

57.10 

14.83 

4050 

63.64 

15.94 

4840 

69.57 

16.92 

56;m 

75.03 

17.79 

8270 

67.18 

14.H 

4060 

63.72 

15.95 

4850 

69.64 

16.93 

5640 

76.10 

17.80 

3280 

67.27 

14.86 

4070 

63.80 

15.97 

4860 

69.71 

16.94 

5650 

75.17 

17.81 

3-290 

57.36 

14.87 

4080 

63.87 

15.98 

4870 

69.79 

16.95 

5060 

75.23 

17.82 

3300 

57.45 

14.89 

4090 

63.95 

15.99 

4880 

69.86 

16.96 

5670 

75.30 

17.88 

3310 

67.53 

14.90 

41O0 

64.03 

J6.01 

4890 

69.93 

16.97 

5680 

75.37 

17.84 

3320 

67.62 

14.92 

4110 

64.11 

16.02 

4900 

70.00 

16.98 

5690 

76.43 

17.85 

8330 

57.71 

14.93 

4120 

64.19 

16.03 

4910 

70.07 

17.00 

5700 

75.50 

17.86 

3940 

57.79 

14.95 

4130 

64.27 

16.04 

4920 

70.14 

17.01 

5710 

75.56 

17.8T 

3350 

57.88 

14.96 

4140 

64.34 

16.06 

4930 

70.21 

17.02 

6720 

75.63 

17.88 

3360 

57.97 

14.98 

4150 

64.43 

16.07 

4940 

70.29 

17.03 

5730 

75.70 

17.89 

8370 

58.05 

14.99 

4160 

64.50 

16.08 

4950 

70.36 

17.04 

6740 

75.76 

17.90 

8580 

58.14 

15.01 

4170 

64.68 

16.10 

4960 

70.43 

17.05 

6750 

75.83 

17.92 

•390 

58.22 

15.02 

4180 

64.65 

16.11 

4970 

70.50 

17.07 

5760 

75.89 

17.93 

8400 

58.31 

15.04 

4190 

64.73 

16.12 

4980 

70.57 

17.08 

5770 

76.96 

17.94 

8410 

58.40 

15.05 

4200 

64.81 

16.13 

4990 

70.64 

17.09 

5780 

76.03 

17.95 

9i20 

58.48 

15.07 

4210 

64.88 

16.16 

5000 

70.71 

17.10 

5790 

76.09 

17.90 

8430 

58.57 

15.08 

4220 

64.96 

16.16 

6010 

70.78 

17.11 

5800 

76.16 

17.9T 

8440 

58.65 

15.10 

4230 

65.04 

16.17 

5020 

70.86 

17.12 

6810 

76.23 

17.98 

3450 

58.74 

15.11 

4240 

65.12 

16.19 

5030 

70.92 

17.13 

5820 

76.29 

17.99 

3460 

68.82 

15.12 

4250 

65.19 

16.20 

5040 

70.99 

17.15 

5830 

76,35 

16.00 

8470 

58.91 

15.14 

4260 

65.27 

16.21 

5050 

71.06 

17.16 

6840 

76.42 

18.01 

3480 

58.99 

16.15 

4270 

66.35 

16.22 

5060 

71.13 

17.17 

5&i0 

76.49 

18.03 

8490 

69.08 

15.17 

4280 

65.42 

16.24 

51)70 

71.20 

17.18 

5860 

76.55 

18.03 

3600 

59.16 

16.18 

4290 

65.50 

16.25 

5080 

71.27 

17.19 

5870 

76.62 

16.04 

3519 

59.2.5 

15.20 

4300 

6557 

16.26 

5090 

71.34 

ii:?f 

6H80 

76.68 

18.05 

3620 

59.33 

15.21 

431 U 

65.65 

16.27 

6100 

71.41 

5890 

76.75 

IS.Ofl 

9680 

59.41 

15.23 

4320 

65.73 

16.29 

5110 

71.48 

17.22 

6900 

76,81 

18.  or 

SMO 

69.60 

15.24 

4330 

65.60 

16.30 

5130 

71.56 

37.24 

6910 

76. 8S 

18.06 

y  Google 


SQUABE  AND  CUBE  ROOTS. 


(>5 


S^ipare  Boots  and  Cube  Boots  of  Nnmbera  from  1000  to  lOOOa 

—  (CJONTINUKD.) 


Kum. 

Sq.  Rt- 

Cu,  Rt. 

Num. 

Sq.  Rt. 

Cu.Rt. 

Num. 

Sq.  Rt. 

Cu.  Rt. 

Num. 

Sq.  Rt. 

e..B 

5920 

76.94 

18.09 

6710 

81.91 

18.86 

7500 

86.60 

19.57 

8290 

91. M 

».2< 

5630 

77.01 

18.10 

67-20 

81.98 

18.87 

7510 

86.66 

19.58 

8300 

91.10 

20.25 

5940 

77.07 

18.11 

6730 

82.04 

18.88 

7530 

86.72 

19.59 

8310 

91.16 

30.26 

5900 

77.14 

18.12 

6740 

82.10 

18.89 

7530 

86.78 

19.60 

83-20 

91.21 

20.26 

5960 

77.20 

18.13 

6750 

8-2.16 

18.90 

7540 

86.83 

19.61 

8330 

91,27 

20. -27 

&97Q 

77.27 

18.14 

6760 

82.22 

18.91 

7550 

86.89 

19.62 

81140 

91.32 

20.28 

5980 

77.33 

18.15 

6770 

8-2.28 

18.92 

7560 

86.95 

19.63 

8350 

91.38 

20.29 

5990 

77.40 

18.16 

6780 

82.34 

18.93 

7570 

87.01 

19.64 

8:160 

91.43 

JO.  30 

6000 

77.46 

18,17 

6790 

82.40 

18.94 

7580 

87.06 

19.64 

8370 

91.49 

20.80 

6010 

77.52 

18.18 

6800 

82.46 

18.95 

7590 

87.13 

19.66 

8380 

91.54 

20.31 

3020 

77.59 

18.19 

6810 

82.52 

18.95 

7600 

87.18 

19.66 

8390 

91.60 

20.32 

(k)30 

77.65 

18.20 

6820 

82.58 

18.96 

7610 

87.24 

19.67 

8400 

91.65 

20.33 

GO^O 

77.72 

18.21 

6830 

82.64 

18.97 

7(520 

87.29 

19.6H 

8410 

91.71 

20.34 

6050 

77.78 

18.22 

6840 

82.70 

18.98 

7630 

87.35 

19.69 

8420 

91.76 

20.34 

6060 

77.85 

18.2;i 

6850 

82.76 

18.99 

7640 

87.41 

19.70 

8430 

91.82 

20.S5 

6070 

77.91 

18.24 

6860 

82.83 

19.00 

7650 

87.46 

19.70 

8440 

91.87 

20.  S6 

60d0 

77.97 

18.25 

6870 

82.89 

19.01 

76G0 

87.52 

19.71 

8450 

91.92 

20.37 

mm 

78.04 

18.26 

6880 

82.95 

19.02 

7ii70 

87.58 

19.72 

8460 

91.98 

20.38 

6100 

78.10 

18.27 

6890 

83.01 

19.03 

7680 

87.64 

19.73 

8470 

92.03 

20.38 

6110 

78.17 

18.28 

6900 

83.07 

19.04 

7690 

87.69 

19.74 

8480 

92.09 

20.39 

6120 

78.23 

18.29 

6910 

83.13 

19.05 

77l« 

87.75 

19.75 

8490 

92.14 

20.4« 

6130 

78.29 

18.30 

6920 

83.19 

19.06 

7710 

87.81 

19.76 

8:.oo 

92.20 

20.41 

6140 

78.36 

18.31 

6930 

83.25 

19.07 

7730 

87.M.. 

19.76 

8510 

92. -25 

20.42 

6150 

78.42 

18.32 

6940 

83.31 

19.07 

7730 

87.92 

19.77 

8520 

92.30 

20.43 

6160 

78.49 

18.33 

6950 

83.37 

19.08 

7740 

87.98 

19.78 

8530 

92.36 

20.4* 

6170 

78.55 

18.34 

6960 

83.43 

19.09 

7750 

88.03 

19.79 

t:540 

92.41 

30.44 

6180 

78.61 

18.35 

6970 

83.49 

19.10 

7760 

88.09 

19.80 

8650 

92.47 

20.45 

61U0 

T8.68 

18.36 

6980 

83.55 

19.11 

7770 

88.15 

19.81 

85B0 

92.52 

20.46 

6200 

78.74 

18.37 

6990 

&3.61 

19.12 

7780 

88.20 

19.HI 

8570 

92.57 

20.46 

6210 

T8.80 

18.38 

7000 

83.67 

19.13 

7790 

88.26 

19.82 

8r.80 

92.63 

20.47 

6220 

78.87 

IS-.W 

7010 

83.73 

19.14 

7H00 

88.32 

19.83 

8590 

92.68 

28.48 

62,i0 

78.93 

18.40 

7020 

83.79 

19.15 

7810 

88.37 

19.84 

8600 

92.74 

20.49 

62  4C 

78.99 

18.41 

70:tO 

an.  85 

19.16 

7820 

88.43 

19.85 

8610 

92.79 

20.50 

6230 

79.06 

18.4-2 

7040 

83.90 

19.17 

7830 

88.49 

19.H6 

86-20 

92.84 

20.60 

6260 

79.12 

18.43 

7060 

83.96 

19.17 

7840 

88.54 

19.87 

86^10 

9-2.90 

20.51 

6270 

79.18 

18.44 

7060 

84.oa 

19.18 

7850 

88.60 

19.87 

8640 

92.95 

20.62 

6280 

79.25 

18.45 

7070 

84.08 

19.19 

7860 

88.66 

19.88 

8650 

93.01 

20.53 

62yo 

.  79  .HI 

18.46 

7080 

84.14 

19.20 

7870 

88.71 

19.89 

8660 

93.06 

30.54 

6;W)0 

79.37 

18.47 

70TO 

84.20 

19.21 

7H80 

88.77 

19.9U 

8670 

93.11 

20.54 

6:ilO 

79.44 

18.48 

7100 

84.-26 

19.22 

7H90 

88.83 

19.91 

8680 

93,17 

20.56 

6320 

79.50 

18.49 

7110 

84.32 

19,23 

7900 

88.88 

19.92 

8690 

93. -22 

20.56 

0330 

79.56 

18.50 

7120 

84.38 

19.24 

7910 

88.94 

19.92 

8700 

93.27 

20.61 

6340 

79.62 

18.51 

7130 

St.44 

19.2:-) 

7920 

88.99 

19.93 

8710 

93.33 

20.67 

6350 

79. 6» 

18.52 

7140 

84.50 

19.26 

7930 

89.05 

19.94 

87-20 

93.38 

20.58 

6;i60 

79.75 

18.53 

7150 

84.56 

19,26 

7940 

89.11 

19.95 

8730 

93.43 

20.59 

C370 

79.81 

18.54 

7160 

84.62 

19.27 

7950 

69.16 

19.96 

8740 

93.49 

20.60 

63H0 

79.87 

18.55 

7170 

84.68 

19. -iH 

7960 

89.22 

19.97 

8750 

93.54 

20.61 

63SI0 

79.94 

18.56 

7180 

84.73 

19.-29 

7970 

89.27 

19.97 

6760 

93.59 

20.61 

6400 

80.00 

18.57 

7190 

84.79 

19.30 

7980 

89.33 

19.98 

8770 

93.63 

20.6? 

6410 

«0.06 

18.58 

7200 

84.85 

19.31 

7990 

89.39 

19.99 

8780 

93.70 

20.6X 

«4W 

80.12 

18.59 

7210 

84.91 

19.32 

8000 

89.44 

20.00 

8790 

93.75 

20.64- 

6430 

80.19 

18.60 

72-20 

84.97 

19.33 

8010 

89.50 

20.01 

8800 

93.81 

20.65 

6410 

80.25 

18.60 

72:K) 

85.03 

19.34 

8020 

89.55 

20.02 

8810 

93.86 

20.65 

6450 

80.31 

18.61 

7240 

85,09 

19.33 

8030 

89.61 

20.02 

8820 

93.91 

20.66 

(U60 

80.37 

18.62 

7-250 

85.15 

19.33 

8040 

89.67 

20.03 

8830 

93.97 

•20.67 

6470 

80.44 

18.63 

7260 

85.21 

19.36 

8050 

89.72 

20.04 

8840 

94.02 

20.68 

6480 

80.50 

18.64 

7-270 

85.-26 

19.,'J7 

8060 

89  78 

20.05 

8850 

94.07 

20.68 

64M 

80.56 

18.65 

7-280 

65.32 

19.38 

8070 

89.83 

20.06 

»860 

94.13 

20.69 

6500 

80.62 

18.66 

7-290 

85.38 

19.39 

8080 

89.89 

20.07 

6870 

94.18 

30.70 

6510 

80.68 

18.67 

7300 

85.44 

19.40 

8090 

89.94 

20.07 

8880 

94.23 

20.71 

6520 

80.75 

18.68 

7310 

85.50 

19.41 

8100 

90.00 

20.08 

8890 

94.-29 

20.72 

6630 

80.81 

18.69 

7a20 

85.66 

19.42 

8110 

90.06 

20.09 

8900 

94.34 

20.73 

6540 

80.87 

18.70 

7330 

85.62 

19.43 

81-20 

90.11 

20.10 

8910 

94.39 

20.78 

6550 

80.93 

18.71 

7.-540 

85.67 

19.43 

8130 

90.17 

W.U 

e9-20 

94.45 

20.74 

6560 

80.99 

18.72 

7350 

85.73 

19.44 

8140 

90.22 

20.12 

8930 

94.50 

20.75 

6570 

81.06 

18.73 

7360 

85.79 

19.45 

8150 

90.28 

20.12 

8940 

94.55 

20,75 

6580 

81.12 

18.74 

7370 

85.85 

19.46 

8160 

90.33 

20.13 

8950 

94.60 

20.76 

6590 

81.18 

18.75 

7380 

86.91 

19.47 

8170 

90.39 

20.14 

8960 

94.66 

20.77 

6600 

81.24 

18.76 

7390 

85.97 

19.48 

8180 

90.44 

20.16 

8970 

94.71 

20.78 

6610 

81.;«) 

18.77 

7400 

86.02 

19.49 

8190 

90.50 

20.16 

8980 

94.76 

20.79 

6620 

81.36 

18.78 

7410 

86.08 

19.50 

8200 

90.55 

20.17 

8990 

94.82 

20.79 

6030 

81.42 

18.79 

7420 

86.14 

19.50 

8210 

90.61 

20.17 

9000 

94.87 

20.80 

6640 

81.49 

18.80 

7430 

86.20 

19.51 

8220 

90.66 

20.18 

9010 

94.92 

20.81 

6650 

61.55 

18.81 

7440 

86.26 

19.52 

8230 

90,72 

20.19 

90-20 

94.97 

30.83 

f>660 

81.61 

18.81 

7450 

86.31 

19.53 

8240 

90.77 

20.20 

9030 

95.03 

20.82 

6670 

81.67 

18.82 

7460 

86.37 

19.54 

8250 

90.83 

30.21 

9040 

95.08 

20.8S 

6680 

81.73 

18.83 

7470 

86.43 

19.55 

8260 

90.H8 

20.21 

9050 

95.13 

30.84 

06M 

81.79 

18.84 

7480 

86.48 

19.56 

8270 

90.94 

30.-22 

9060 

•5.18 

20.85 

WOO 

UJBb 

18.85 

T4M) 

86.5* 

19.57 

8280 

90.99 

30.23 

9070 

96.24 

30.81 

y  Google 
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SQUARE  AND  CUBE  ROOTS. 


Square  Roots 


and  Cube  Roots  of  Numbers  from  1000  to  100O« 

—  (CONTIMUKD.) 


Num. 

Sq.  Ru 

Cu.  Rt. 

Num. 

Sq.Rt. 

Cu.  Rt 

Num. 

Sq.  Bl. 

Cu.Bt. 

Num. 

Sq.  Et. 

Cu.  Rb 

9080 

95.29 

20,!46 

9320^ 

96.54 

21.04 

9550 

97.72 

21.22 

9780 

98.89 

21.39 

M90 

95.34 

20.87 

9330 

96.59 

21.05 

9560 

97.78 

21. 2!^ 

9790 

98.94 

21.39 

dioo 

95.39 

20.88 

9340 

96.64 

21.06 

9570 

97.b;i 

21.23 

9800 

98.99 

21.40 

9110 

95.45 

20.89 

9350 

96.70 

21.07 

9580 

97  88 

21,24 

9810 

99,05 

21.41 

»I20 

95.50 

20.8a 

9360 

96.75 

21.07 

9590 

97.93 

21.25 

9820 

99.10 

21.41 

9130 

95.55 

20.90 

9370 

96.80 

21.08 

9600 

97.98 

21.25 

9830 

99.15 

21.42 

9140 

95.60 

20.91 

9380 

96.85 

21.09 

9610 

98.03 

21.26 

9840 

99.20 

21.4a 

91  aO 

95.66 

20.92 

9390 

96.90 

21.10 

9620 

98.08 

21.27 

9850 

99.25 

21.44 

9160 

95.71 

20.92 

9400 

96.95 

21.10 

9ti30 

98.13 

21.28 

9860 

99.30 

21.44 

9170 

95.76 

20.93 

9410 

97.01 

21.11 

9640 

98.18 

21.28 

9870 

99.35 

21,45 

9180 

95.81 

20.94 

9420 

97.06 

21.12 

9650 

98.23 

21.29 

9880 

99.40 

21. 4« 

9190 

95.86 

20.95 

9430 

97.11 

21.13 

9660 

98.29 

21.30 

9890 

99.45 

21.47 

9200 

95.92 

20.95 

9440 

97.16 

21.13 

9670 

98.34 

21.30 

9900 

99.50 

21.47 

9210 

95.97 

20.96 

9450 

97.21 

21.14 

9680 

98.39 

21.31 

9910 

99.55 

21.48 

9220 

96,02 

20.97 

9460 

97.26 

21.15 

9690 

98.44 

21.32 

9920 

99,60 

21.49 

9230 

96.07 

20.98 

9470 

97.31 

21.16 

9700 

98.49 

21.33 

9930 

99.65 

21.49 

9240 

96.12 

20.98 

9480 

97.37 

21.16 

9710 

98.54 

21.33 

9940 

99.70 

21.50 

9250 

96.18 

20.99 

9490 

97.42 

21.17 

9720 

98.59 

21.34 

9950 

99.75 

21.51 

9260 

96.23 

21.00 

9500 

97.47 

21,18 

9730 

98.64 

21.35 

9960 

99.80 

21.52 

9270 

96.28 

21.01 

9510 

97.52 

21.19 

9740 

98.69 

21.36 

9970 

99.85 

21.52 

9280 

96.33 

21.01 

9520 

97.57 

21.19 

9750 

98.74 

21,36 

9980 

99,90 

21,5S 

9290 

96.38 

21.02 

9530 

97.62 

21,20 

9760 

98.79 

21.37 

9990 

99.95 

21.64 

9800 

96.44 

21.03 

9540 

97.67 

21.21 

9770 

98.84 

21.38 

10000 

100,00 

21.54 

9310 

96.49 

21.04 

To  find  Square   or  Cube  Roots  of  larfpe  numbers  not  con- 
tained In  tlie  column  of  numbers  of  tlie  table. 

Saoh  roots  may  sometimes  be  taken  at  onoe  from  the  table,  by  merely  regarding  the  oolnmns  of 
powers  as  being  oolumns  of  numbers ;  and  those  of  numbers  as  being  thoi>e  of  roots.  Thus,  if  the 
»t  rt  of  1B281  is  reqd,  first  find  that  namber  in  the  column  of  tquareM;  and  opposite  to  it,  in  the 
column  of  numbers,  is  its  sq  rt  150.  For  the  cube  rt  of  867375,  find  that  number  in  the  column  of 
eube$;  and  opposite  to  it,  in  the  col  of  numbers,  is  its  cube  rt  95.  When  the  exact  number  is  not  con* 
tained  in  the  column  of  squares,  or  cubes,  as  the  ease  may  be,  we  may  use  instead  the  number  nearest 
to  it,  if  no  great  aoeuraey  is  reqd.  But  when  a  considerable  degree  of  accuracy  is  necessary,  the 
following  very  correct  methods  may  be  used. 

For  the  square  root. 

This  rule  applies  both  to  whole  numbers,  and  to  those  which  are  port^  (not  wholly)  decimal-  Pirsi, 
ia  the  foregoing  manner,  take  out  the  tabular  number,  which  is  nearest  to  the  given  one ;  and  also  itt 
tabular  sq  rt.  Mult  this  tabular  number  by  3 ;  to  the  prod  add  the  given  number.  Call  the  snm  A, 
Then  mult  the  given  number  by  S ;  to  the  prod  add  the  tabular  number.  Call  the  sum  B.  Then 
A  :  B  :  :  Tabular  root  :  Reqd  root. 
Bx.  Let  the  given  number  be  946.58.  Here  we  find  the  nearest  tabular  namber  to  be  MT :  and  Itl 
-'—'-r  sq  rt  30.7784.    Hence. 

947  =  tab  nam  ")  f  948.58  =  given  nam. 

8  8 


S841 
948.58  = 


8787.58  =  ▲. 


{2839.59 

947     =  tab  nam. 


13786.59  =  8. 


B. 
8786.69 


Tab  root. 
:    80.7734   : 


Then  8787.68    :    8786.69    ::    8b.Y734":    S0?7857+. 

The  root  as  found  by  actaal  mathematical  process  Is  also  80.7667  -f.. 

For  the  cube  root. 

This  rule  applies  both  to  whole  nnmbers.  and  to  those  which  tb  partly  decimal.  First  take  oat  tl»e 
tabular  number  which  is  nearest  to  the  given  one;  and  al«o  ita  tabular  cube  rt.    Mult  this  tabular 
number  by  2;  and  to  the  prod  add  the  given  number.    Call  the  sum  A.  Then  malt  the  given  number 
by  2 ;  and  to  the  prod  add  the  tabular  number.     Call  the  sum  B.    Then 
A  :  B  :  :  Tabular  root  :  Reqd  root. 

Bz.  Let  the  given  number  be  7868.    Here  we  fluu  cue  nearest  tabular  namber  (In  the  eolamn  of 
OMies)  to  be  6869;  and  ita  tabular  cube  rt  19.    Hence, 


6859=  tab  nnm. 

-1  I 

18718  J.  and 

7368  =  giren  nam.   } 

21086  =  A.  J 

B.  Tab  Root.   Reqd  Rtl 


7368  =  given  num. 
2 

14736 
6859  =  tab  nam. 

21596  =  B. 


Then,  as  21086      :  -  215i>6      ::      19"  T   "lattss". 

The  root  as  fbond  by  correct  mathematical  process  is  19.4688.    The  engineer  rarely  reqains  fvw 
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iU«  dcgTM  of  aoooraej ;  for  his  parpoiet,  therefore,  this  prooeM  Is  greatly  preferable  to  the  oi-dinary 
WborfoBB  one. 

To  flnfl  tlie  square  root  of  a  number  wbieli  !■  wbolljr 
decimal. 

Te^7  simple,  wad  oorreot  to  the  third  numeral  figure  inclusive.  If  the  number  does  not  contain  at 
least  fire  figures,  eotmting  /torn  tke/tnt  numeral,  and  ineUuUng  U,  add  one  or  more  ciphers  to  make 
flre.  If,  after  that,  the  whole  number  is  not  separable  into  twos,  add  another  oipher  to  make  it  so. 
Then  beiginning  at  the  first  numeral  figure,  and  including  it,  assume  the  number  to  be  a  whole  one. 
In  the  table'  find  the  number  nearest  to  this  assumed  one ;  take  out  its  tabular  sg  rt ;  move  the  deei- 
mal  point  of  this  tabular  root  to  the  left,  terras  many  plaoes  as  the  finally  modified  decimal  number 
has  figures. 


What  is  the  sq  rt  of  the  decimal  .002?    Here,  in  order  to  have  at  least  five  deolmal  figures, 

Jig  from  the  first  numeral  (2).  and  including  it,  add  ciphers  thus,  .00.20,00,0.    But,  as  it  Is  not 

now  separable  into  twos,  add  another  oipher,  thus,  .00.20,00,00.    Then  beginning  at  the  first  numeral 


(2),  • 

and  the  sq  rt  of  this  is  447.  Now,  the  decimal  number  as  finally  modified,  namely,  .00.20,00,00,  has 
eight  figures :  one-half  of  which  Is  4 ;  therefore,  move  the  decimal  point  of  the  root  447,  four  places  to 
the  left;  making  it  .0447.    This  is  the  reqd  sq  rt  of  .002,  oorreot  to  the  third  numeral  7  included. 

To  find  tlie  cube  root  of  a  number  wbieli  is  wboUjr  decimal. 

Verv  simple,  and  oorreot  to  the  third  numeral  inclusive. 

If  the  number  does  not  contain  at  least  five  figures,  counting  fk>om  the  first  numeral,  and  Including 
It,  add  one  or  more  eiphers  to  make  five.  If.  after  that,  the  number  is  not  separable  into  threes,  add 
one  or  more  ciphers  to  make  it  so.  Then  beginning  at  the  first  numeral,  and  including  it,  assume 
the  number  to  be  a  whole  one.  In  the  uble  find  the  number  nearest  to  this  assumed  one,  and  take 
out  iu  tabular  cub  rt.  Move  the  decimal  point  of  this  rt  to  the  left,  one-third  as  many  places  as  the 
finally  modified  decimal  number  has  figures. 

Bx.  What  is  the  oube  rt  of  the  decimal  .002  ?  Here,  In  order  to  have  at  least  five  figures,  counting 
tram  the  first  numeral  (2),  and  Including  it,  add  ciphers  thus,  .002,000,0.  But  as  It  is  not  now  separ- 
able into  threes,  add  two  more  ciphers  to  make  It  so :  thus,  .002,000,000.  Then  beginning  with  the 
first  numeral  (2),  assume  the  decimal  to  be  the  whole  number  2000000.  The  nearest  cube  to  this  in 
the  table  in  the  oolumn  of  cubes,  is  2000876 ;  and  Itn  tubular  cube  rt  as  found  in  the  col  of  numbers, 
is  126.  Now,  the  decimal  number  as  finally  modified.  uHmely,  .002  000  000.  has  nine  figures ;  one>thlrd 
•r  whloh  is  S;  therefore,  move  the  decimal  point  of  the  root  128,  three  plaoes  to  tbe  left,  making  11 
.  116.    This  la  the  reqd  oube  rt  of  the  deolmal  .002,  oorreot  to  the  third  numeral  6  Inoluded. 


Fifth  roots,  and  fiftli  powers. 


Power, 

No.  or 
Root. 

Power. 

No.  or 
Boot. 

Power. 

No.  or 
Root. 

Power. 

No.  or 
Boot. 

Power. 

No.  or 
Root. 

Power. 

No.  Of 
Root. 

.0000100 

,1 

.000142 

.170 

.004219 

.335 

.077760 

.60 

.695688 

.93 

8.11368 

1.53 

.000164 

.175 

.004544 

.340 

.084460 

.6! 

.733904 

.94 

8.66171 

1.54 

.0000110 

.102 

.000189 

.180 

.004888 

.345 

.091613 

.62 

.773781 

.95 

9.23896 

1.56 

.000217 

.185 

.005252 

.350 

.099244 

.63 

.815373 

.96 

9.84658 

1,58 

.0000122 

.104 

.000248 

.190 

.005^38 

,355 

.107374 

.64 

.858734 

.97 

10.4858 

1.60 

.000282 

.195 

.006047 

.360 

.116029 

.65 

.903921 

.98 

11.1.'>77 

1.62 

.0000134 

.106 

.000320 

.200 

.006478 

.365 

.125233 

.66 

.950990 

.99 

11.8637 

1.64 

.000362 

.205 

.006934 

.370 

.135012 

.67 

1 

1. 

12.6049 

1.66 

.0O00U7 

.108 

(KMM08 

.210 

.007416 

.375 

.145393 

.68 

1.10408 

1.02 

13.3828 

1.68 

.0000161 

.110 

.0004.19 

.215 

.007924 

.380 

,156*03 

.69 

1.21665 

1.04 

14.1986 

l.TO 

.0000176 

.112 

.000515 

.220 

.0084.^9 

.385 

.168070 

.70 

1.33823 

1.06 

15.0537 

1.73 

.ooooiaa 

.U4 

.000577 

.225 

.009022 

.390 

.180423 

.71 

1.46933 

1.08 

15.9495 

1.74 

.0000210 

.116 

.000644 

.230 

.009616 

.395 

.193492 

.72 

1.61051 

I.IO 

16.8874 

1.76 

.0000229 

.118 

.000717 

.235 

.010240 

.400 

.207307 

.73 

1.76234 

1.12 

17.8690 

1.78 

.0OOO2-(9 

.120 

()00796 

.240 

.011586 

.41 

.221901 

.74 

1.92541 

1.14 

18.8957 

1.80 

.0000270 

.122 

.000883 

.245 

.013069 

.42 

.237305 

.76 

2.10034 

1.16 

19.9690 

1.82 

.0000293 

.124 

.000977 

.250 

.014701 

.43 

.253553 

.76 

2.28775 

1.18 

21.0906 

1.84 

.0000318 

.126 

.001078 

.255 

.016492 

,44 

.270678 

.77 

2.48832 

1.20 

22.2620 

1.86 

.0000344 

.128 

.001188 

.260 

.018453 

.45 

.288717 

.78 

2.70271 

1.22 

23.4849 

1.88 

.0000371 

.130 

.001307 

.265 

.020596 

.46 

.307706 

.79 

2.93163 

1.24 

24.7610 

1.90 

.0000401 

.132 

.001435 

.270 

.022935 

.47 

.327680 

.80 

3.17580 

1.26 

26  0919 

1.92 

.0000432 

.134 

.001573 

.275 

•025480 

.48 

.348678 

,81 

3.4.3.S97 

1.28 

27.4795 

1.94 

.0000465 

.136 

.001721 

.280 

.028248 

.49 

.370740 

.82 

3.71293 

1.30 

28.9255 

1.96 

.0000500 

.138 

.001880 

.285 

.031250 

.50 

.39.1904 

.ai 

4.00746 

1.32 

30.4317 

1.98 

.0000538 

.140 

.002051 

.290 

.034503 

.51 

.41821t 

.84 

4.32040 

1.34 

32.0000 

2.00 

.0000577 

.142 

.0022.T4 

.295 

.038020 

.52 

.443705 

.85 

4.65259 

l.,36 

36.2051 

2.05 

.0000619 

.144 

002430 

.,300 

.041820 

.53 

.470427 

.86 

5.00490 

1,38 

40.8410 

2.10 

.0000663 

.146 

.0026.19 

.305 

.045917 

.54 

,498421 

.87 

5.37824 

1.40 

45.9401 

2.15 

.0000710 

.148 

002863 

.310 

.050328 

.55 

.5'nTH2 

.88 

5.77353 

1.42 

51 .5363 

2.20 

.0000754 

.150 

.003101 

.315 

,055073 

.66 

..S.5K406 

,89 

6.19174 

1.44 

57,6650 

2.25 

.0000895 

Ah5 

.00.1355 

.320 

.060169 

.57 

.,590+W 

,90 

6.633a3 

1.46 

64.3634 

2.30 

.000105 

.160 

.003626 

,825 

.06.5636 

.58 

.624032 

,9L 

7.10082 

1.48 

71.6703 

2.35 

.000133 

.166 

.003914 

.330 

.071492 

.69 

.659082 

.92 

7.59376 

1.50 

79.6263 

2.40 

y  Google 
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Flftli  roots  and  liftli  powers— (Continued). 


PoiF«r. 

No.  or 
Root. 

Power. 

No.  or 
Root. 

Power. 

No.  01 
Root. 

Power. 

No.  01 

Root. 

Power, 

No.  or 

Root. 

Power, 

No.  or 
Root. 

88.2735 

2.45 

2824.75 

4.90 

85873 

9.70 

2609193 

19.2 

20511149 

29.0 

459165024 

54. 

aT.G56H 

2.50 

2tf71.84 

4.95 

90392 

9.80 

2747949 

19.4 

21228253 

29.2 

503284375 

65, 

107.820 

2.55 

3125.00 

5.00 

96099 

9.90 

2892547 

19.6 

21965275 

29.4 

550731776 

56. 

118.814 

2.60 

3450.25 

5.10 

100000 

10.0 

3043168 

19.8 

2272262b 

29.6 

601692057 

57. 

130.686 

2.65 

3802,04 

5.20 

110408 

10.2 

3200000 

20.0 

23500728 

29.8 

656356768 

58. 

14a.  489 

2.70 

4181.95 

5-30 

121665 

10.4 

3363232 

20.2 

24300000 

30.0 

714924299 

59. 

157.276 

2.75 

4591,65 

5.40 

133823 

10.6 

3533059 

20.4 

2^^93634 

30.5 

777600000 

60. 

1 72. 104 

2.  HO 

5032.84 

5-50 

146933 

10.8 

3709677 

20.6 

286^151 

31.0 

844596301 

61. 

188.029 

2.85 

5507.32 

5.60 

161051 

11.0 

3893289 

20.8 

31013642 

31.5 

916132832 

62. 

205.111 

2.90 

6016.92 

6.70 

176234 

11.2 

4084101 

21.0 

33554432 

32.0 

992436543 

63. 

223.414 

2.95 

656^.57 

5.80 

192541 

11.4 

*  42M2322 

21.2 

36259082 

32,5 

1073741824 

64. 

243.000 

3.00 

7149.24 

5.90 

210034 

11.6 

4488166 

21.4 

39135393 

S3.0 

1160290625 

65. 

263.836 

3.05 

777G.OO 

6.00 

228776 

ll.S 

4701850 

21.6 

42191410 

33.5 

1252332576 

66. 

28C.'292 

3.10 

8445.96 

6.10 

248832 

12.0 

4923597 

21.8 

45435424 

34.0 

1350125107 

67. 

810.136 

3.15 

91G1.33 

6.20 

270271 

12.2 

5153632 

22.0 

48875980 

34.5 

145393356*^ 

68. 

335.544 

3.20 

9924.37 

6.30 

293163 

12.4 

5392186 

22.2 

52521875 

35.0 

1564031.H49 

69. 

362.591 

3.25 

10737 

6.40 

317580 

12.6 

5639493 

22.4 

56382167 

35.5 

1680700000 

70. 

391.354 

3.30 

UG03 

6.50 

84359T 

12.8 

5895793 

22.6 

60466176 

36  0 

1804229351 

71 

421.419 

3.35 

1:1523 

6.60 

371293 

13.0 

6161327 

22.8 

6478:1487 

365 

1934917632 

72. 

454.354 

3.40 

13501 

6.70 

400746 

13.2 

6436343 

23.0 

69343957 

37.0 

2073071593 

73. 

488.760 

3.45 

14539 

6.80 

432040 

13.4 

6721093 

23.2 

74157715 

37.5 

2219006624 

74. 

525.219 

3.50 

1,')610 

6.90 

465259 

13,6 

7015834 

23.4 

79235168 

38.0 

237.S046875 

75. 

563.822 

3.55 

16807 

7.00 

5(K>490 

13.8 

7320825 

23.6 

84587005 

38.5 

2535625376 

76 

604.662 

3.60 

18042 

7.10 

53T824 

14.0 

7636332 

23.8 

9022*199 

.39.0 

2706784157 

77. 

647.835 

3.65 

19319 

7.20 

577353 

14.2 

7962624 

24.0 

96158012 

39.5 

2887174368 

78. 

693.440 

3,70 

:i0731 

7.30 

619174 

14.4 

8299976 

24.2 

102400000 

40.0 

3077056399 

T9. 

741.577 

3.75 

22190 

7.40 

663383 

14.6 

8648666 

24.4 

108962013 

40.5 

3276800000 

80 

792.352 

3,80 

23730 

T.50 

710082 

14.8 

9008978 

24.6 

1)5856201 

41.0 

3486784401 

81. 

845.870 

3.65 

25355 

7.60 

759375 

15.0 

9381200 

24.8 

12,3095020 

41.5 

3707398432 

82. 

902.2*2 

3.90 

27068 

7.70 

811368 

15.2 

9765625 

25.0 

130691232 

42.0 

3939040643 

83. 

961.580 

3.95 

28872 

7.80 

866171 

6.4 

10162550 

25,2 

138657910 

42.5 

4182119424 

84. 

1024.00 

4.00 

30771 

7.90 

923896 

15.6 

10572278 

25.4 

147008443 

43.0 

4437053125 

85. 

1089.62 

4.05 

32768 

8.00 

981658 

5.8 

10995116 

25.ti 

155766538 

43.5 

4704270176 

86. 

1158.56 

4.10 

34868 

8.10 

1048576 

16.0 

11431377 

25.8 

104916224 

44  0 

4984209207 

87. 

1230.95 

4.15 

37074 

8.20 

1115771 

16,2 

11881376 

26.0 

174501858 

44.5 

6277319168 

88. 

1306.91 

4.20 

39390 

8,80 

i 186367 

16.4 

12345437 

26.2 

184528125 

45.0 

5684059449 

89. 

I.3H6.58 

4.25 

41821 

8.40 

1 260493 

16.6 

12823886 

26.4 

195010045 

45.5 

5904900000 

90. 

1470.08 

4.30 

+4371 

8.50 

13.38278 

16.8 

I S3 I 7055 

26.6 

203962976 

46.0 

6240321451 

91. 

1557.57 

4,35 

4704S 

8.60 

1419857 

17.0 

13825281 

26.8 

217402615 

46.6 

6590815232 

92. 

1649.16 

4.40 

49842 

8.70 

1505366 

17.2 

14348907 

27.0 

229345007 

47  0 

6956883693 

93, 

1745.02 

4.45 

52773 

8.80 

1594947 

17.4 

14888280 

27.2 

241806543 

47.5 

7339040224 

94. 

1845.28 

4.60 

55841 

8.90 

1688742 

17.6 

16443752 

27.4 

254803968 

48.0 

7737809375 

95. 

1950.10 

4.55 

59049 

9.00 

1786899 

17,8 

16015681 

27.6 

2683543a3 

48.5 

8153726976 

96. 

a059.6.S 

4.60 

62403 

9.10 

1889568 

18,0 

16604430 

27.8 

282475249 

49.0 

8587340267 

97, 

2174,03 

4.65 

65908 

9.20 

1996<K)3 

18.2 

17210368 

2M.0 

297184,S91 

49.5 

9039207968 

98, 

2293.45 

4.70 

69569 

9.30 

2109061 

18.4 

178.3.3868 

28.2 

;i  12500000 

50.0 

9509900499 

.99, 

2418,07 

4.75 

73390 

9.40 

2226203 

18.6 

18475309 

28.4 

345025251 

51, 

25+8.04 

4.80 

77378 

9.60 

2348493 

18.8 

19135075 

28.6 

380204032 

52. 

3683.54 

4,86 

81537 

9,60 

2476099 

19.0 

19813557 

28.8 

41611^93 

63, 

Af   in 

cases  where, 
M   to  obtain 

o(1  " 

i'2a"  fa 

ciUta 

tes  the' 

ise  of 

me  \-y 

)ie  1" 

y  Google 
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Square  roots  of  fifth  powers  of  numbers.    See  page  68. 


12  n 

n 

b5 

12  11 

u 



1.8333 

n5 

12  U 

n 

«5 

1211 

It 

n5 

K 

0.020833 

0.000063 

22 

4.5510 

84 

7.000 

12i».64 

468 

39 

9499 

4|0.031250 

0.000173 

23  11.9166 

5.0859 

85 

7.083 

133.53 

480[  40 

10119 

k|  0.04 1666 

0.000354 

24  ;2.00im 

5.6569 

86 

7,166 

137.50 

492  41 

10764 

5|'U052083 

0.00U619 

25  12.0833 

6.2647 

87 

7.250 

141.53 

5<>4|  42 

11432 

II]  0.062500 

0.000977 

26  2.1666 

6.9100 

88 

7.333 

145.63 

516  43 

12125 

%i0.072916 

0.001436 

27  2.25U0 

7.5938 

89 

7.416 

149,80 

528  44 

12842 

1  !0.08;«33 

0.002005 

28  2.333;i 

8.3165 

90 

7.500 

154.05 

540  45 

13584 

VglO.093750'0.002691 

29  2.4166 

9.0791 

91 

7.583 

158.:>6 

5521  46 

14351 

k0.104166|0.0035O2 
gl  0.1 145831 0.004444 

30  2.5000 

9.8821 

92 

7,666 

162.75 

564;  47 

15144 

31  2.5833 

10.726 

93 

7.750 

167.21 

670  j  48 

15964 

0 

0.125001)10.005524 

32  2.6666 

11.612 

94 

7.833 

171.74 

588 

49 

16807 

0.135416  0.006748 

33 

2.7500 

12.541 

95 

7.916 

176.34 

600 

50 

17678 

^ 

0.14583310.008122 

34 

2,8333 

13.513 

96 

8.000 

181.02 

612 

51 

18575 

Vb 

0.156250J  0.009651 

3.> 

2.9166 

14.528 

97 

8.083 

185.77 

624 

52 

19499 

2 

0.166666  0.011340 

36 

3.0000 

15.588 

98 

8.166 

190.60 

636 

53 

204.i0 

^ 

0.187500  0.015223 

37 

3.0833 

16.694 

99 

8.250 

195,49 

648 

54 

21428 

M 

0.208333  0.019811 

38 

3.1666 

17.845 

100 

8.333 

200.47 

660 

5.5 

224:^4 

%|0,229166|0.025141 

39 

3. 251  HI 

19.042 

102 

8.50 

210.64 

672 

56 

23468 

3  0.250000 

0.031250 

40 

3.3333 

20.286 

105 

8.75 

226.47 

684 

57 

24529 

^1 0.270833 

0.038173 

41  !3.4166 

21.578 

108 

9.00 

243.00 

696 

58 

25619 

k!0.291666 

0.045943 

42 

3.5000 

22.918 

111 

9.25 

260.23 

708 

59 

26738 

%t0.3 12500 

0.054592 

43 

3.5833 

24.306 

114 

9.50 

278.17 

720 

60 

2788:-» 

4  10.3:^33 

0.064150 

44 

3.6666 

25.744 

117 

9.75 

296.83 

732  i  61 

29002 

M  0.354166 

0.074648 

45  13.7500 

27.232 

120 

10.0 

316.23 

744  62 

30268 

K  0.375000 
%  0.395833 

0.086115 

46  3,8333 

28.770 

126 

10.5 

357.25 

756  63 

31503 

0.098578 

47  13.9166 

30.359 

132 

11,0 

401.31 

768  64 

32768 

6  tO.416666 

0.11207 

48  : 4.0000 

32.000 

138 

11.5 

448,48 

780  6--. 

344)63 

J^  10.43750010. 12660 

49 

4.0833 

33.693 

144 

12.0 

498.83 

792 1  66 

353h8 

Mi0.4583:^;0.1422:J 

50 

4.1666 

35.438 

1.50 

12.5 

652.43 

81 14 

67 

36744 

^10.479166  0.15893 

51 

4.2500 

37.237 

156 

13.0 

609.34 

816 

68 

381  ao 

e  0.500000  0. 1767S 

52 

4.3;^33 

39.089 

162 

13.5 

669.63 

828 

69 

39548 

J^j0.541666!0.21594 

63 

4.4166 

40.996 

168 

14.0 

7;i3.37 

84( 

70 

40990 

7  i0.583333'0.25l)89 

54 

4.5000 

42.957 

174 

14.5 

800.61 

852 

71 

42476 

%]  0.625000  i  0.30882 

55 

4.5833 

44.973 

180 

15.0 

871.42 

864 

72 

43988 

8  i 0.666666  0.36289 

56  14.6666 

47,045 

186 

15.5 

945.87 

876 

73 

4.^531 

5^i0.708333!0.42227 

57 

4.7500 

49.174 

192 

16.0 

1024.0 

888 

74 

471U6 

9 

0.750000!0.48714 

58 

4.8333 

51.359 

198 

16.5 

1105.9 

900 

75 

48714 

% 

0.7916660.55764 

69 

4.9166 

53.602 

204 

17.0 

1191.6 

912 

76 

50:il4 

10 

0.8:^333:0.63394 

60 

5.0000 

55.902 

210 

17.5 

1281.1 

924 

77 

52027 

% 

0.875000;0.71618 

61 

5.0833 

58.260 

216 

18.0 

1374.6 

936 

78 

53732 

11 

0.916666;  0.80451 

62 

5.1666 

60.677 

222 

18.5 

1472.1 

948 

79 

55471 

y2 

0.958333  [(1.89907 

63 

5,2500 

63.154 

228 

19.0 

1573,6 

960 

80 

57243 

,12   1.00000011.00000 

64 

5.33:^3 

65.690 

234 

19.5 

1679.1 

972 

81 

59049 

%:i.041666l  1.1074 

65 

5.4166 

68.286 

240 

20 

1788.9 

984 

82 

60888 

13  1 1. 083333 1 1.2215 

66 

5.5000 

70.943 

252 

21 

2020.9 

996 

83 

62762 

K  1.12500011.3424 

67 

5.5833 

73.660 

264 

22 

2270.2 

\Km 

84 

64669 

14   1.1666661 1.4702 

68 

5.6666 

76,440 

276 

23 

2537.0 

1020 

85 

66611 

3^1.208333  1.6050 

69 

5.7500 

79.281 

288 

24 

2821,8 

1032 

86 

68688 

15  11.250000!  1,7469 

70 

5.8333 

82.185 

300 

25 

3125.0 

1044 

87 

70599 

3^!  1.291666, 1.8962 

71 

5.9166 

85.152 

312 

26 

3446.9 

1056 

88 

72645 

16  11.333333!  2.0528 

72 

6.0000 

88.182 

324 

27 

3788.0 

1068 

89 

74727 

3^!  1.37500012.2170 
17  11.416666  2.3887 

73 

6.0833 

91.276 

336 

28 

4148.5 

1080 

90 

76843 

74  6.1666 

94.434 

348 

29 

4528.9 

1092 

91 

78996 

>^|  1.45833312.5683 

75 

6.2500  97.656 

360 

30 

4929.5 

1104 

92 

81184 

18 

1.500000  2.7557 

76 

6.3333100.94 

372 

31 

5350.6 

1116 

93 

83408 

% 

1.541666 

2.9510 

77 

6.4166104.30 

384 

32 

571*2.6 

1128 

94 

85668 

19 

1.583333 

3.1545 

78 

6.6OOO;  107.72 

396 

33 

6255.8 

1140 

95 

8796.5 

% 

1.625000 

3.3662 

79 

6.5833,111.20 

408 

34 

6740.6 

1152 

96 

90298 

20 

1.666666 

3.5861 

80 

6.6666  114.76 

420 

35 

7247.2 

1164 

97 

92668 

M 

1.70833313.8144 

81 

6.7500  118,37 

432 

^ 

7776.0 

1176 

98 

95075 

21 

1.750000  4.0513 

82 

6.8333  122.06 

444 

37 

8327.3 

1188,  99 

97519 

y^ 

1.791666|  4.2968 

83 

6.9166  125.82 

456 

38 

8901,4 

1200  100' 100000 
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ROOTS  AND  POWERS. 


Square  roots  of  tli«  liftli'  powers  of  numbers. 

No. 

of  5lh 

No. 

Sq.Bt. 
of  6th 

No. 

of  6lh 

No. 

^JZ- 

No. 

tJ-.1t 

No. 

Sq.  St. 
of  5th 

Power. 

Power. 

Power. 

Power. 

Power. 

Power. 

.35 

.031 

7. 

129.64 

17.6 

1281.1 

31. 

5351 

49 

16807 

76 

50354 

.5 

.177 

7.25 

141.63 

18. 

1874.6 

31.5 

5660 

50 

17678 

77 

62027 

.75 

.485 

7.6 

154.05 

18.5 

.    W72.1 

82. 

6793 

61 

18576 

78 

53732 

1. 

1. 

7.75 

167.21 

19. 

•   1573.6 

32.5 

6022 

62 

19489 

79 

56471 

1.35 

1.747 

8. 

181.02 

19.6 

1679.1 

33. 

6256 

53 

30460 

80 

57248 

1.5 

3.756 

8.25 

195.50 

20. 

1788.9 

88.5 

6496 

64 

31438 

81 

59049 

1.75 

4.051 

8.5 

210.64 

20.5 

1902.8 

34. 

6741 

66 

33434 

83 

60888 

2. 

5.667 

8.75 

226.48 

21. 

3020.9 

34.5 

6991 

56 

23468 

83 

627«2 

2.35 

7.S94 

9. 

843. 

21.5 

2143.4 

35. 

7247 

67 

34629 

84 

64669 

2.5 

9.882 

9.25 

360.23 

22. 

2270.2 

35.5 

7509 

68 

25620 

86 

66611 

2.75 

13.541 

9.5 

278.17 

22.6 

2401.4 

86. 

7776 

59 

86 

68588 

3. 

16.588 

9.75 

296.83 

23. 

2537. 

36.5 

8049 

60 

27886 

87 

70599 

3.25 

19.042 

10. 

316.23 

23.6 

3677.1 

37. 

8327 

61 

39063 

88 

72646 

3.5 

22.918 

10.5 

857.2 

24. 

3821.8 

37.5 

8611 

63 

80268 

89 

74727 

8.75 

27  232 

11. 

401.3 

24.5 

3971.1 

38. 

8901 

63 

81503 

90 

76841 

4. 

32. 

11.5 

448.6 

25. 

8125. 

88.5 

9197 

64 

83768 

91 

7H996 

4.25 

37.24 

12. 

488.8 

25.6 

82836 

SB. 

9486 

65 

84063 

92 

81184 

4.5 

42.96 

12.5 

562.4 

26. 

8446.9 

39.6 

9806 

66 

86388 

93 

83408 

4.75 

4917 

IS. 

609.3 

26.6 

8615.1 

40. 

10119 

67 

86744 

94 

85668 

5. 

55.90 

13.5 

669.6 

27. 

8788. 

41. 

10764 

68 

88131 

96 

87965 

5.35 

83.15 

14. 

733.4 

27.5 

8965.8 

42. 

114.12 

69 

39548 

96 

90298 

5.5 

70.94 

14.6 

800.6 

28. 

4148.5 

43. 

12125 

70 

40996 

97 

9-2668 

5.75 

79.28 

15. 

871.4 

28.6 

4336.2 

44. 

12842 

71 

42476 

96 

95075 

6. 

88.18 

15.5 

945.9 

29. 

4528.9 

45. 

13584 

72 

4.^988 

99 

97519 

6.26 

97.66 

16. 

1024. 

29.6 

4726.7 

46. 

14351 

73 

45531 

loa 

100000 

6.6 

107.72 

16.6 

1106.9 

30. 

4929.6 

47. 

16144 

'74 

47106 

6  75 

118.38 

17. 

1191.6 

30.5 

5188. 

48. 

15963 

75 

48714 

1 

Numbers,  in  inches.    Sqnare  roots  of  flfth  powers,  in  feet 


|!a;?i;' 

Sq.  Bt.  of 

5th  Pow. 

Sq.  Rt.  of 
5th  Pow. 

Bq.Bt.of 
6th  Pow. 

Sq.Bt.  of 

5th  Pow. 

Ins. 

Peet. 

IDI. 

Peet. 

Ins. 

Peet. 

Int. 

Peet. 

Ins. 

Feet. 

^ 

.60006 

»H 

.0547 

12. 

1.000 

22M 

4.818 

43 

33.88 

.00017 

4. 

.0641 

H 

1.108 

23 

5.086 

43 

34.81 

y^ 

.00035 

^ 

.0781 

13. 

1.-221 

H 

6.366 

44 

36.74 

^ 

.00062 

.0827 

H 

1.342 

24 

6.657 

45 

37.28 

9^ 

.00086 

^ 

.0971 

14. 

1.470 

25 

6.264 

46 

38.77 

^ 

.00144 

5. 

.1120 

H 

1.605 

26 

6.909 

47 

S0.S6 

I. 

.0020 

5} 

.1271 

15. 

1.747 

27 

7.59S 

48 

82.00 

^ 

.0027 

.1428 

H 

1.896 

28 

8.S16 

48 

SS.68 

^ 

.0085 

H 

.1590 

16. 

2.058 

29 

9.078 

50 

S6.U 

.0044 

6 

.1768 

hi 

3.217 

SO 

9.888 

51 

87.26 

^ 

.0055 

H 

.2160 

17. 

3.3a8 

81 

10.73 

52 

39.18 

^ 

.0067 

7. 

.2599 

H 

3.567 

32 

11.61 

53 

41.03 

^ 

.0081 

H 

.8088 

18. 

2.756 

.33 

12.64 

54 

43.96 

y^ 

.0086 

«. 

.3628 

H 

3.960 

84 

1S.51 

55 

44.87 

3. 

.0118 

H 

.4-228 

19. 

8.156 

35 

14.58 

56 

47.06 

S 

.0162 

9. 

.4871 

H 

3.365 

.% 

15.58 

67 

48.1'. 

.0198 

H 

.6577 

20. 

S.586 

37 

16.69 

58 

51.35 

H 

.0252 

10. 

.6339 

H 

S.81S 

.38 

17.84 

58 

58.60 

8. 

.0312 

H 

.7162 

31. 

4.051 

39 

18.04 

60 

55.90 

^ 

.038S 

11. 

.8043 

H 

4.297 

40 

30.38 

61 

68.37 

.0469 

H 

.8990 

22. 

4.551 

41 

21.58 
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LOGARITHMS. 


ItOffarUliniB. 

(1)  Tables  of  logarithms  greatly  facilitate  multiplication  and  diyision  and 
the  finding  of  powers  and  roots  of  numbers.* 

(2)  The  tables  pp.  78  to  91  contain  the  commoii, decimal  or  Brlgrgrs 

lograritliins  of  numbers.  The  common  logarithm  of  a  number  is  the  ex- 
ponent or  index  of  that  number  as  a  power  of  10.  See  (18).  Thus :  1000  =  10», 
and  log  1000  (logarithm  of  1000)  =  3.00  000.  Similarly,  28.7  =  10  i.*»  788,  and 
log  28.7  =  1.45  788.  • 

(3)  In  general,  let  A  and  B  be  any  two  numbers,  and  k  any  exponent. 
Then,  from  the  principle  of  i)owers  and  roots,  we  have 

(1)  logAB  =  logA  +  logB;       (2)  log|  =  log  A  -  log  B; 

(4)log^i  =  l5^ 


(3)  logA*  =  *aogA); 


In  other  words  :— 


(1)  Log  of  product  = 
(2)7      "      -'  — 

(Z)  Log  of  power  =  log  of  number,  multiplied  by  exponent. 
(4)  '        ' 


(  Log  of  quotient  ==  log  of  dividend  —  log  of  divisor. 
Or  1       "  '^       • 


'  sum  of  lo^  of  factors. 
■  log  of  dividend  —  log  o 
r  log  of  fraction  ^  log  of  numerator  —  log  of  denominator. 
„  of  power  =  log  of  number,  multiplied  by  expone:  " 
Log  of  root     =  log  of  number,  divided  by  exponent. 
(4)  From  what  has  been  said,  it  follows  that 


Log  100  .  =  log  lOa  =*  2.00  000 
Log  10  =  log  101  ^  1.00  000 
Log      1 '    =     log  100     =     0.00  OOOt 


Log  0.1  ^  log  10-^  «  1.00  OOOt 
Log  0.01  =  log  10-«  =  2.00  000 
Log  0.001     =   log  10-8  =   8.00  000 


(5)  Each  common  logarithm  is  a  mixed  number,  consisting  of  an  integral 
portion,  called  the  cnuracteristie  or  index  (preceding  the  decimal 
point),  and  a.frcLCtioncU  portion,  called  the  mskntiamAi  following  the  decimal 
point).  The  table  gives  only  the  mantissa  of  each  log,  the  characteristic 
being  found  as  explained  below.  The  mantissa  is  always  positive.  The 
characteristic,  in  the  log  of  any  whole  or  mixed  number,  is  positive,  and  is 
equal  to  the  number  of  digits  in  the  whole  number,  minus  1 ;  wnile  the 
characteristic  of  a  wholly  decimal  number  is  negative,  and  is  numerically 
equal  to  1  plus  the  number  of  ciphers  immediately  following  the  decimal 
point.    Thus : 


log  2870      =  3.45  788 

"     287       =  2.45  788 

"       28.7    =  1.45  788 

2.87  =  0.45  788 


log  0.287  =f.45-788t 
"  0.0287  =  2.45  788 
"  0.00287  =8.45  788 
**    0.000287  =  4.45  788 


It  will  be  noticed  that  the  mantissa  remains  constant  for  any  given  comr 
bination  of  significant  figures  in  a  number,  wherever  the  decimal  point  in 
the  number  be  placed ;  while  the  characteristic  depends  solely  upon  the 
position  of  the  decimal  point  in  the  number. 

(6)  Let  the  number  be  resolved  into  two  factors,  one  of  which  is  an 
Integer  power  of  10,  while  the  other  is  greater  than  1  and  less  than  10.  Then 
the  index  of  the  power  of  10  is  the  characteristic  of  the  logarithm,  and  the 
logarithm  of  the  other  factor  is  the  mantissa.  Thus,  2870  =  1000  x  2.87  = 
10«  X>  2.87,  and  the  logarithm  of  2870  (3.45  788)  is  the  sum  of  the  exponent  3 
(or  3.00  000)  and  the  log  (0.45  788)  of  2.87.t 

♦  Logarithms  not  being  exact  quantities,  operations  performed  with  them 
are  subject  to  some  inaccuracy,  especially  where  a  logarithm  is  multiplied 
by  a  large  number,  the  existing  error  being  thus  magnified.  Logarithms  of 
only  five  places  in  the  mantissa  usually  suflfice  for  calculations  with  num- 
bers of  four  or  five  places.  Greater  accuracy  is  obtained  by  the  use  of 
tables  of  logarithms  carried  out  to  seven  places. 

t  Log  1  =  log  i^  =  log  10— log  10  =  1—1  =  0 ;  or  1  =  IQO. 
Log  0.1  =  log  T^  =  log  1  —  log  10  =  0  —  1  =  i.O ;  or  0.1  =  lO-i. 

X  0.287  =  2.87  -h  10.  Hence,  log  0.287  =  log  2.87  -  log  10  :=  0.45  788  -  1, 
which,  for  convenience,  is  written  1^45  788.  See  (16).  Similarly,  log  0.0287 
=  log  2.87  —  log  100  =  0.45  788  —  2  =  2.45  788. 
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(7)  To  find  tlie  locarltlmi  of  a  number.  The  short  table  on  pagei 
78;  79  ^ves  logs  of  numbers  up  to  1000.  The  longer  table,  pages  80  to  91, 
gives 

(1)  The  mautlssa  for  eacfi  number  from  1000  to  1750 

(2)  The  mantissa  for  each  even  number  from  1760  to   8750 

(3)  The  mantissa  for  each  ;?/"iA  number  from  8750  to  10000 

(8)  Logs  of  nnmbers  intermediate  of  those  given  in  the  tables  are 
found  by  simple  proportion.  The  procedure  necessary  in  these  cases  is 
explained  in  the  examples  given  in  connection  with  the  tables,  but  it  will 
often  be  found  sufficiently  accurate  to  use  the  lotr  of  the  nearest  number 
given  in  the  table,  neglecting  interpolation. 


Tbe  aBttloffarithni  or  nam  log:  (numeniH  logarithmi)  is  the  nnm- 
1»er  corresponding  to  a  given  logarithm.  Thus,  log.  2  =  0.30  103,  and 
antilog  0.80  m  =  2. 

(9)  Mnltiplieation.  To  multiply  together  two  or  more  numbers,  add 
together  their  logs  and  find  the  antilog  of  their  sum.  See  Projwrtion 
(II)  below. 

(10)  Division.  Subtract  the  log  of  the  divisor  from  that  of  the  dividend, 
and  find  the  antilog  of  the  remainder.    See  Proportion  (11)  below. 

The  recipr€>cal  of  any  number,  n,  = -.    See  page  02.     Thus,  recip2  = 

5  =  0.5.    Hence,  log  recip  n  =  log  -  =  log  1  —  log  n  «=  0  —  log  n. 

Similarly,  log  recip  —  =  log —  =0  —  log  — . 

Thus,  log  ^^^  =  0-log  ^  =  0  -  3.56  331  =  4.43  669. 

Since  n«-i  =s  ni  =-  - ,  n»-i  =  nO  =  ^  =  1,  no-i  =»-»  =  -,  and  n<>-«  =  n-« 
w  n  n' 

=  -j  it  follows  that  log  n-i  =*  log  -  —  log  recip  n ;  log  «-*»  '^^^^  ^a  **  ^** 

recip  n«,  etc. 

(11)  Proportion.    Example.  6.3023  :  290.19  =  1260.7  :  ? 

,,   ,,,   ,    X,  (  Lofi^   290.19      =2.46  269" 

Jj^jltiply  Nob,     J  -    1260.7       « 8.10  062 

Add  Logs.  (  j^^  290  jg  ^  ^^260.7       =  5.56  881 

Divide  Nos,         /  Log        6.3023  =  0.79  960 

Subtract  Log.      \  Log  58051  =4.76881 

The  true  value  is  58049.05  + 

(IS)  Instead  of  subtracting  the  log  of  the  divisor,  we  mar  add  its  eologa- 
ritlim  or  arithmetical  complement,  which  is  log  of  reciprocal 
of  divisor,  =  0  —  log  divisor  =  10  —  log  divisor  — 10.    Thus : 

1523        _ 
3.382  X  8.655 
Log      1523  =   3.18  270 

Colog  8.332  =  10  —  log  a332  —  10  =  10  —  0.52  270  —  10  =  9.47  730  -  10 
Colog  8.655  =  lO  —  log  8.655  —  10  =  10  —  0.93  727  —  10  =  9.06  273  —  10 
Sum  of  logs  and  cologs  =  21.72  273  —  20 

=  Log  52.813  =    1.72  273 
The  true  value  is  52.8114  + 

(13)  Involution,  or  finding  powem  of  numbers.  Multiply  log  of 
itven  number  by  the  exponent  of  the  required  power,  and  find  the  anti- 
log  of  the  product.    Thus :  86*  =  ? 

Log  .86  =  1.55  630.    1.55  630  X  3  =  4.66  890.    Antilog  4.66  890  =  46656. 

(14)  Evolntion,  or  finding  root«tof  numbers.  Divide  log  of  given 
number  by  exponent  of  required  root,  and  find  antilog  of  quotient.    Thus : 

1/46656  =  ?   Log  46656  =  4.66  890.  4.66  890-^8  =  1.55  630.  Antilog  1.55  630  =  3& 

(15)  In  finding  roots  of  numbers,  if  the  given  number  is  a  whole  or  mixed 
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number,  the  division  of  the  log  is  performed  in  the  usual  way,  as  in  the 
preceding  example,  even  where,  as  in  that  example,  the  characteristic  is 
not  exactly  divisible  by  the  exponent  of  the  required  root.  But  If  tbe 
number  is  a  fraction,  and  the  characteristic  of  its  log  therefore  nega- 
tive, and  if  the  characteristic  is  not  exactly  divisible  by  the  exponent, 
division  in  the  usual  wav  would  give  erroneous  results.  In  such  cases  we 
may  add  a  suitable  number  to  the  mantissa  and  deduct  the  same  number 


from  the  characteristic,  thus:  to  find  1/0.00048.  Log  0.00048  =  4.68  124  = 
0.68124  —  4  =  2.68124  —  6  =  6  +  2.68  124,  which,  divided  by  8,  =  2  -1-0.89  376 
=  2.89  375  =  log  0.0783.    Or,  see  (16)  and  (17). 

(16)  To  avoid  inconvenience  fh>m  the  use  of  negratlve  cliaFacter- 
lstl<».  it  is  customary  to  modify  them  by  adding  10  to  them,  afterward 
deducting  each  such  10  from  the  sum,  etc.,  of  the  logarithms.  Thus :  in 
multiplying  or  dividing  7426  by  0.25,  we  have 

Multiplying.  DividiDg. 

either                           log  7426      =  8.87  070  =8.87  070 

log       0.26  =   1.39  794  =  1.39  794 

3.26  864  4.47  276 

or  log  7426      =    3.87  070  =  3.87  070 

modified  log      0.25  =   9.39  794  — 10  =  9.89  794  —  10 

18.26  864  —  10       6.47  276  +  10 
=  3.26  864  =  4.47  276 

In  most  cases  the  actual  process  of  deducting  the  added  tens  may  be 
neglected,  the  nature  of  the  work  usually  being  such  that  an  error  so  great 
as  that  arising  from  such  neglect  could  hardly  pass  unnoticed. 

(17)  To  diTtde  a  modified  lograrithm,  add  to  it  such  a  multiple  of 
la  as  will  make  the  sum  exceed  the  true  log  by  10  times  the  divisor.  Thus : 
to  divide  log  0.00048  by  3.  Log  0.00048  =  4.68  124,  which,  divided  by  3,  = 
2.89  376.    See  (16). 

Log  0.00048=    4.68  124 
Modified  log  0.00048=   6.68  124  —  10 

Add  2  X  10      20 —  20 

Dividing  by  3)  26.68  124  —  30 

we  obtain  8.89  376  — 10,  which  is  2.89  375  modified. 

(18)  Except  1,  any  number  can  (like  10)  be  made  the  base  of  a  system  of 
logarithms.  The  base  of  the  hyperboWe,  Napierian,  or  natural 
logparithms,  much  used  in  steam  engineering,  is 

1  .  1   .    _} L         ^  J.  1 -»-....=  2.71  828  -I- 

^  +  1  +  1X2  +  1X2X8^1X2X8X4^  '    ^^ 

and  is  called  «  (epsilon)  or  e. 

M  =  logio«  (common  log  c)  =  0.43  429 ;  ^  =log  « 10  (hyperbolic  log  10) =2.30  250. 

M. 

For  any  number,  n, 
log,  n  =  — Sifti^  =  2.80289  log,©  n ;  logio  n  =  M  log.  n  =  0.43429  log,  n 

M 

(19)  Whatever  mar  be  the  base  chosen  for  a  BjBtem  of  loga,  the  man- 
tftraaA  of  the  logs  of  any  given  numbers  bear  a  constant  ratio  to  each 
other.  Thus,  in  any  system  of  logs,  log  4  is  always  «  2  X  log  2,  and 
='%X  logs,  etc.,  etc. 

(SO)  lioyaritlimie  sines,  tanarents,  etc.  of  angles  are  the  logs  of 
the  sines,  tangents,  etc.  of  those  ang^s.  Thus,  sin  9QP^  0.5000000,  and  log 
Bin  30°  =  log.  0.5  =  1.69  897,  usually  written  9.69  897  —  10.  or  simply  9.69  897. 

(Jil)  Since  no  power  of  a  positive  number  can  be  negative,  negative  num- 
bers properly  have  no  logs ;  but  operations  Witn  nefcatiTe  nntai- 
bem  can  nevertheless  be  performed  by  means  of  logs,  by  treating  all  the 
numbers  as  positive  and  taking  care  to  use  the  proper  sign  ,-|-  or  — ,  in  th« 
result. 
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Th^  I^ogTArf tfimf c  Cfifirt  and  the  Slide  Rule. 

(!)•  By  means  of  a  logarithinic  chart  or  diagram  (often  miscalled  loea- 
rltiimlc  cross-section  paper)  l(^^r1thmic  operations  are  performed  graphi- 
cally, and  by  means  of  the  slide  rule  mechanically,  without  reference 
to  the  logarithms  themselves  *.  But  see  t.  P  76.  Their  use  greatly  facili- 
tates many  hydraulic  and  other  engineering  computations. 


b4^ 


')    The  ratio  between  the  mantissas  of  the  logs  of  any  given  numbers 
ng  constant  for  all  systems  of  logs,  the  ratio  between  the  distances  laid 
off  on  the  chart  ot  slide  rule  is  the  same  for  all  systems^nd  the  use  of  Vr 
chart  or  rule  is  independent  of  the  system  of  log-s  usedCiOOQlv 
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primarily  of  a  square,*  on  the 
A  juoa  a«  4i«tiaD«M«.  ^xxac^st^  l—X  1-3.  etc.,  are  laid  off  by  scale 
V  ;.  i  .  ay  ggp^  (i.  iU  WlJi,  (fl^  712,  etc.)  of  2,  3,  etc.  Ordinary 
^...^.^v.  .  vnmim  mt^tHmm  ^apfr  may  of  course  be  used  for  loga- 
utuc  ..»,'.ui^  >y  tA*>mis^  «ai  rt  the  logs  instead  of  their  Nos.  Lines 
,v9««...a^  Xv^o.  uibd^  ot*  jKtiMrab  Oft  Hmu-  proper  places  as  desired. 
:i  v>  o.\ujx.durit>  v^vitt^trtiifiKsi,^  (the  slide  rale  consists  essentially  of 
.  -<\Cet>x  V.  \^  C  Mid  Dv  !St»  iclT),  scides  A  and  D  being  placed  on  tiie 
u.^\  '  v^  j^e  U  3iua  C  3£9  ipJiaeed  upon  the  sliding  piece,  or  "  slide.''     As 


u  u  .t^Ja^lchmi<^  i3^.tfii^  :$««  K'^U  the  scales  are  divided  logarithmically 
^<^'  ^vi:  t.  .  biia,  muurkmi  wJitk  the  numbers  corresponding  to  the  logs.  Scales 
V  uui  B  :u^  equal,  :«^  v%  aklt^  scales  C  and  D,  but  a  given  length  on  A  or  B 
:vt :  V  ><ut^  a.  Lotmrtthajt  tnirk«  as  great  as  on  C  or  D.  See  (4).  Hence,  each 
u.^:ul.H;i:  maxktiJ  <fu  \  m  ttb(»  square  of  the  coinciding  number  marked  on  D. 
t  V  "^u&le  Logafiti^uaue  scale  is  usually  numbered  from  1  to  10,  or  from 
to  lo  100;  but  it  lo^  h»  taken  as  representing  any  series  embracing  the 
:iumber!i  trom  lO**  tx>  10* -*" ' ;  as  from  0.1  to  1.0  (n  =  -1);  or  from  1.0  to 
lU-O  vH  -  0>;  yr  foom  10.0  to  100.0  (n  =  1);  or — etc.,  etc.  Here  n  and 
r(   t-  I  a(«  tW  «kMur«i«t«rlsties  of  the  corresponding  logarithms. 

A  single  soalt*  w^wtd  therefore  serve  for  all  values/from  0  to  infinity; 
but  for  conveni«Btc«  several  contiguous  scales  are  sometimes  added,  as  in 
the  log  charts 

When  a  lln^  Teaches  the  limit  of  a  square,  the  next  square  may  be 
entered*  or  th©  same  square  may  be  re-entered  at  a  point  directly  opposite. 
Thus,  in  the  ease  of  line  zH  (=  i/i'y. 


Lin©  marked 

xh 

between 

eorresponds  to  valuef  of 

xftom. 

9^  from 

ill 

(4)        • 

1   andS 
S]  and  S, 
Ss  and  §4 
Se  and  H 

Ito     10 
10  to     31.62 
81.«2to    100 
100       to  1000 

1      to     4.64 
4.64  to    10 
10     to    21.54 
21.54  to  100 

Note  that  the  numbers,  marked  on  any  given  scale,  must  be  taken  as  10 
times  the  corresponding  numbers  marked  in  the.  next  scale  preceding,,  and 
the  characteristics  therefore  as  being  gieater  by  1,  and  vUx  versa.  Thus,  in 
our  figure,  log  1.5  +  log  2  =  1-1.5  +  1-2  =  log  3  =  distance  1-M.  But 
log  15  +  log  20  =  (1-1.5  +  1-10)  +  (1-2  + 1-10),  so  that  the  characteristic 
of  the  resulting  log  is  greater  by  2,  and  the  3  representing  the  product  of  15 
and  20  is  really  in  the  second  square  to  the  right  of  that  shown.  In  finding 
pcnvers  and  roots,  remember  that  multiplying  or  dividing  the  number  by 
0.1, 10, 100,  etc.  a.  «.,  changing  the  eharacteritttc  of  its  log),  changes  also  the 
mantissa  of  the  log  of  its  power  or  root  Thus,  1^277  =  1.89 . . ,  (log  =  0.14  379) ; 
but  |>'27"=  3,  aog  =  0.47  712)  and  V'STO  =  6.46  . . ,  aog  =  0.81  023).  The 
chart  or  rule  gives  all  such  possible  roots,  and  care  must  be  taken  to  select 
the  proper  one.  Most  operations  exceed  the  limits  of  one  scale,  and  facility 
in  using  either  instrument  depends  largely  upon  the  ability  to  pass  readily 
and  correctly  ftom  one  scale  to  another.  This  ability  is  best  gained  by  prac- 
tice, aided  by  a  thorough  grasp  of  the  principles  involved.  Where  several 
successive  operations  are  to  be  performed,  a  sliding  runner  or  marker 
(furnished  with  each  slide  rule)  is  used,  in  order  to  avoid  error  in  shifting 
the  slide.    Detailed  instructions  are  usually  furnished  with  the  slide  rule. 

(*)  A  common  form  of  chart  has  four  or  more  dmilax  squcves  joined , 
together.  See  (4).  Our  figure  represents  one  complete  square,  with  por- 
tions of  adjoining  squares.  For  actual  use,  both  charts  and  slide  rules 
are,  of  course,  much  more  finely  subdivided  than  in  our  figures,  which  are 
given  merely  to  illustrate  the  principles.  Carefully  engraved  charts  are 
published  by  Mr.  John  R.  Freeman,  Providence.  R.  I. 

(t)  Other  forms  embodying  the  same  principle  are :  The  "  Reaction  Scale 
and  General  Slide  Rule,"  by  W.  H.  Breithaupt.  M.  Am.  Soc.  C.  E. ;  Sexton's 
Omnimeter  or  Circular  Slide  Rule,  bv  Thaddeus  Norris ;  The  Goodchild 

n« '♦—-r  Chart;  The  Thacher  Calculating  Machine  or  Cylindrical  Slide 

"ox  Computers,  designed  for  special  formulas ;  and  the  Pocket 
ued  by  "  The  Mecnanickl  Engineer,"  London. 
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(5)  Mnltlpliteatlon  mifl  dlTlslen.  For  example.  2  X  1.5  =  T  On 
1-X,  in  the  chart,  or  on  C  or  D,  in  the  elide  rule,  the  distance  1-1.6  repre- 
sents by  scale  the  logarithm  (0.17  609)  of  1.5,  and  1-2  represents  the 
logarithm  (0.30  103)  of  2.  If  now  we  add  these  two  distances  together, 
by  laying  off  1-2  fh>m  1.5  on  1-X  of  the  chart,  or  by  placing  the  slide  as 
In  the  figure,  we  obtain  the  distance  1-3  =  .47  712  =  the  mantissa  of  log  3 
or  of  log  (2  X  1.5).*  Conversely,  to  divide  3  by  2,  we  graphically  or  mechani- 
cally subtract  1-2  fh>m  1-3. 


d 1 1 \ 1 1 \ 1 1 1 1 1 r 

Loga.lJf     OjO     0,1       OJi      0.3     0.4      OJi      O.O      0.7      O^      0.0      1.0      1,J 


(6)  In  the  loiparithmtc  ehart,  the  scales  of  both  axes,  1-X  and 
1-Y,  being  equal,  a  line  1-H,  marked  x,  bisecting  the  square  and  form- 
ing an  angle  of  45°  with  each  axis  (tan  45^  =  l),t  will  bisect  also  the  inter- 
sections of  all  equal  co-ordinate6.  Thus,  points  In  the  line  x,  immediately 
over  2,  3,  4,  etc.,  in  1-X,  are  also  opposite  2,  3,  4,  etc.,  respectively,  on 
1-Y.    See  (4). 

(7)  If  lines  2-A,  3-K,  etc.  (marked  2se,  Zx,  etc."),  parallel  to  and  above 
1-H,  be  drawn  through  2,  3,  etc.,  on  1-Y,  then  x)oints  in  such  lines,  im* 
mediately  over  any  number,  x,  in  1-X,  will  be  respectively  opposite  the 


(*)  In  the  slide  rule,  with  the  slide  as  shown,  each  number  on  D  is  = 
1.6  X  the  coinciding  number  on  C. 

(t)  In  discussing  tangents  of  angles  on  Tog  chart,  we  refer  to  the  actual 
measured  distances,  as  shown  on  the  equally  divided  scales  of  lofja  in  our 
figures,  and  not  to  the  numbers,  which,  for  mere  convenience,  are  marked 

C  B          10              10 
on  the  chart.    Thus,  in  line  1-B,tan  C  1B=  ,  >,  *=/ori^.  »¥>* 

D,gL9dbyG^3STe 
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numbers  giying  the  prckSucts  2x,  Zx,  etc.,  on  1-Y;  while  similar  linei. 

X     X 

2'  8' 


drawn  bdow  1-H  and  through  2,  3,  etc.,  on  1-X,  give  values  of  ^»  |,  etc., 


respectively.    If  these  lines  2»  %>  etc.,  be  produced  downward,  they  will 

cut  1-Y  (produced)  at  0.5  (=  H).  0J33  .  .  (=^,  etc.,  respectively.*    See  (4). 
(8)    Powers  and  roots.    If  a  line  z^  be  drawn  through  1,  at  an  angle 

8a  1-X,  whose  tangent,  r^^  is  2,  it  will  give  values  of  x*.  Thus,  the  ver- 
tical through  3,  on  1-X,  culs  the  line  x*  opposite  9  (=  3«)  on  1-Y.  Simi- 
larly, line  «»  (tangent  =»  3)  gives  values  of  x^ ;  and  line  iTx"  (tangent  =  }^ 

gives  values  of  x*  ^^  1^57    See  (4). 

(»)  Any  equation  of  the  form  y  =  Cue"  in  which  log  y  =  log  C  -I-  n  log  as, 
(such  as :  area  of  circle  =  v  radius*),  is  represented,  on  a  loganthmic  chart, 
by  a  straight  line  so  drawn  that  the  tangent  T  of  its  anele  with  1-X  Is  =  n, 
and  intersecting  1-Y  at  that  point  which  represents  the  value  C.  Thus, 
the  line  marked  n  x^,  (tangent  =  2)  is  a  line  of  squares,  and,  being  drawn 
through  ir  (=  3.14. .)  on  1-Y,  it  gives  values  of  ir  x*.  Thus,  for  a  circle  of 
radius  2,  we  find,  in  the  line  ir  s^  over  2,  a  point  L  opposite  £,  or  12.57. . . .  the 
area  of  such  circle.f  Conversely,  having  area  =  12.57. . . ,  we  obtain,  from 
the  diagram,  radius  =  2. 

(10)  If  a  chart  is  to  be  used  for  solving  many  equations  of  a  single 
kind,  such  as  y  =  0  x»«  where  0  is  a  variable  ooefficieiit,  and  n  a  constant 
exponoit.  parallel  lines,  forming  the  proper  angle  with  1-A,  should  be  perma- 
nently ruled  across  the  sheet  at  short  intervals. 

(11)  For  any  log,  as  1-3  (=  log  8),  we  may  substitute  its  equal,  M-N 
or  3-N,  extending  to  the  central  diagonal  line  1-H,  marked  x;  and  then, 
since,  for  instance,  1-1.2  =  N-Q,  1-3  =  N-K,  etc.,  we  may  add  any  log 
(as  1-3)  by  moving  upward  ftom  line  x  (as  from  N  to  K)  or  to  the  ri&tUt 
and  subtract  any  log  (as  1-1.2)  by  moving  dmunward  (as  from  N  to  (i)  or  to 
the  l^.    This  facilitates  the  periormance  of  a  series  of  operations. 

Thus: 

To  multiply  1.5  by  2  (=  3).  by  3  (=  9),  and  divide  by  2  H  4.6). 
p_G  =  l-F  =  log  1.5.    Add  G-J  =  1-2  =  log  2;   sum  =  F-J  =  log  8  =  1-8  =- 
M-N     Add  N-K  =  1-3  =  log  3 ;  sum  =  M-K  =  log  9  >«  1-9  =  9-R.    Subtract 
R_T  =  1-2  =  log  2 ;  remainder  =  9-T  =  log  4.5. 

For  an  example  of  the  application  of  this  principle  to  engineering  prob- 
lems see  "  Diagrams  for  proportioning  wooden  beams  and  posts,"  by  Carl 
S  Foirh.  "  Engineering  News*',  Sept.  27, 1894. 

(1»)  NesatiTe  exponents.  If  ar  is  in  the  dMwr,  the  line  will  slope 
in  the  opposite  direction,  or  downward  from  left  to  right.  Thus,  line  4-2 
leaving  1-Y,  at  4,  and  forming,  with  1-X,  the  angle  X,  2, 4,  with  tangent 
602...  ^     .-.1- X.- > 


-,  =  —  2,  represents  the  equation :  y  = 


—  301 .  . 

(IS)  If  the  lines  of  products,  powers,  and  roots,  C  x,  «•,  and  y^^^  etc., 
be  drawn  at  angles  whose  tangents  are  less  by  1  than  those  of  the  angles 
formed  by  the  corresponding  lines  in  our  figure,  the  results  mav  be  read 
diw^yl^mobliqueUnes  drawn  parailel  to  2-2.  Lines  (Cjr)glv{nymu^^^^^^ 
pies  and  sub-nwiltiples  of  the  first  power  of  x  then  become  horizontal  linei 

(I4T  Powers  anil  roots  by  tbe  slide  role.  Scales  C  and  D  beinj 
twice  as  large  as  scales  A  and  B,  these  scales,  with  their  ends  coinciding, 
form  a  table  of  squares  and  of  square  roots.  See  (S).  Bv  moving  the  slide 
welolve  equations  of  the  fomS  y  =  (C  «)»  and  y  =  C  «V    Thus,  with  the 


(•)  In  each  of  these  lines,  the  product  of  the  two  Mmbers  at  ite  ends  is 
=  10.  Thus,  in  line  2-A,  2  X  5  =  10 ;  in  8-K.  3  X  3.33  ...  -  10,  etc.  The 
chart  thus  ftimishes  a  table  of  reelnr4Msals.  «««„^«^ «. 

(f)  Even  with  ftill-size  charts  and  slide  rules  for  actual  use,  accuracy  is 
not  to  be  expected  beyond  the  third  or  fourtti  significant  flgure. 

(t)  A  chart  of  this  kind,  prepared  by  Major  Wm.  H;.  ^  f^L,^i,4Vi^' 
after  the  method  of  L^on  Lalanne  Corps  de  Pouts  •'*Cbauss|«8.  France, 
is  published  by  Messrs.  John  Wiley  &  Sons,  New  ^i  o%,,,^tS9dgt?' 
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slide  as  shown,  each  numher  on  A  is  =  the  square  of  (1.5  X  the  coinciding 
number  on  C) ;  while,  with  1  on  B  opposite  1.5  on  A,  each  number  on  A  is  = 
1.5  X  the  square  of  the  coinciding  number  on  C. 

(15)  Since  x^  =  x*  Xx,  we  find  cubes  or  third  powers  by  placing  the 
slide  with  1  on  B  opposite  x*  on  A  {i.  e.,  opposite  «  on  D),  see  (8),  and  read- 
ing X*  from  A  opposite  x  on  B.  Thus,  1.5*  =  ?.  Place  1  on  B  opposite  1.5  on 
D;  i,  «.,  opposite  1.5«  (=  2.25)  on  A.  Then,  on  A,  opposite  1.5  on  B,  find 
8.375  =  1.5».  Or,  turn  the  slide  end  for  end.  Place  1.5  on  B  opposite  1.5 
on  D,  i. «.,  opposite  1.5«  =  2.25  on  A.  Then,  adding.log  1.5  (on  B)  to  log  2.25 
on  A,  we  find  3.375  (=  1.6»)  on  A  opposite  1  on  B. 

(16)  Conversely,  to  find  i/x7  we  shift  the  slide  (in  its  normal  position) 
Until  we  find,  on  B,  opposite  x  on  A,  the  same  number  as  we  have  on  D  o^)- 
posite  1  on  C,  and  this  number  will  be  =  i/x7  .  Or,  turn  the  slide  end 
for  end,*  place  1  on  C  opposite  x  on  A,  and  find,  on  B,  a  number  which 
coincides,  with  its  equal  on  D.    This  number  is  =  -\/^x7  See  also  (17),  (18). 

(17)  On  the  back  of  the  slide  ii  usually  placed  a  scale  of  logs  (see  scale 
shown  below  the  rule  in  figure)  and  two  scales  of  angles,  marked  '•  S  "  and 
**T  "  respectively,  for  finding  sines  of  angles  greater  than  0°  34' ... ",  and 
tangents  of  angles  between  5^  42' . .  . "  and  45°. 

(18)  Placing  1  on  C  opposite  any  number  a;  on  D  (with  slide  in  its  normal 
poisitioii),  log  X  is  read  from  the  scale  of  logs  by  means  of  an  index  on  the 
back  of  the  rule.    The  logs  may  be  used  in  finding  powers  and  roots. 

i^     0.0      0.2    0.4      0.e     0.8      1.0     1.2     1^     1.0     1.8      2,0     2.2 

I  I L_ 1 I I I I I I I 1  I 

2f<M.      (jLl  2        8     4   5  67891  2        8    d   S  07  8  0lAi 

L-J r-^ 1 I.I      I   ,1    '    I   I   .      .     ,    ,   t  ■ 1 1-.-'     1   ,1    I    I   iTl. 


Bl  2        3     4   5  0  7891  2 


yoa,     [I>x  J.J  2 3  4        5      O     7     8   9  llA 

_i 1 n r 1 1 1 1 1 1 1 1 1 

1.0     0.0     0.1      0.2     0.3     0.4      O^     O.O     0.7     0:8     0.0      1.0     1.1 
Zioga, 

(19)  To  find  the  sine  or  tang:e«f  of  an  angle  a ;  bring  a,  on  scale  S  or 
T,  as  the  case  may  be,  opposite  the  index  on  back,  and  read  the  natural 

giot  logarithmic)  sine  or  tangent  opposite  10  at  the  end  of  A  or  D  :  sines  on 
,  and  tangents  on  C.    Or,  invert  the  slide,  placing  S  tinder  A,  and  T  over 
D,  with  the  ends  of  the  scales  coinciding.    Then  the  numbers  on  A  and  D 
are  the  sines  and  tangents,  respectively,  of  the  angles  on  S  and  T. 
Caution.    Sines        of  angles  less  tnan   5°  45^ . . . "  are  less  than  0.1. 
«       "         •'        ••     90°  •'      "       "      1.0. 

Tangents  "       "  betw.  5°  42' . .  .  "  and  45° are  betw.  0.1  and  1.0. 

(20)  On  the  back  of  the  r^le  is  usually  printed  a  table  of  ratios  of  num- 
bers in  common  use,  for  convenience  in  operating  with  the  slide  rule.  Thus : 

diameter  113    U.  S.  gallons        3    ,.         .  ^.^      ^      ;    , 

iS^^fe^li^  =  ^  =      pounds       -»<'"»  K*^*"  ''"'"'"ty  »f  "»'«')• 

(81)  Soaping  the  edges  of  the  slide  and  the  groove  in  which  it  runs,  will 
often  cur^  sticking,  which  is  apt  to  be  very  annoying.  If  the  slide  is  too 
loose,  the  groove  may  be  deepened,  and  small  springs,  cut  from  narrow 
steel  tape,  inserted  between  it  and  the  edge  of  the  slide. 


cidin 


*)  With  the  slide  thus  reversed,  and  with  the  ends  of  the  scales  coin- 
..ding,  the  nuxnbers  on  A  aqd  B  are  reoipro^als  (page  B2),  aa  are  also 
those  on  C  and  D. 
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BrifTffS  liOffarltlims 

,  Base  »  10. 

No. 

0     1 

3 

3 

4 

5 

6 

7 

8 

9 

Prop. 

00000 

30103 

47712 

60206 

69897 

77815 

84510 

90309 

95424 

10 

00000 

00432 

00860 

01283 

01703 

02118 

02630 

02938 

03342 

03742 

415 

11 

04139 

04532 

04921 

053U7 

05690 

06069 

06446 

06818 

07188 

07554 

379 

12 

07918 

08278 

08636 

08990 

09342 

09691 

10U37 

10380 

10721 

11059 

349 

13 

11394 

11727 

12057 

12385112710 

13033 

13353 

13672 

13987 

14301 

3-23 

14 

14613 

14921 

15228 

15533  15836 

16136 

16435 

16731 

17026 

17318 

300 

IS 

17609 

17897 

18184 

184G0 

18752 

19033 

19312 

19590 

19865 

20139 

281 

16 

20412 

20682 

20951 

21218 

21484 

21748 

22010 

22271 

22530 

22788 

264 

17 

23045 

23299 

23552 

23801 

24054 

24303 

•^551 

24797 

25042 

25285 

249 

18 

25527 

25767 

26007 

26245  26481 

26717 

26951 

27184 

27415 

27646 

236 

19 

27875 

28103 

28330 

28555 

28780 

29003 

29225 

29446 

29666 

29885 

223 

20 

30103 

30319 

30535 

30749 

30963 

31175 

31386 

31597 

31806 

32014 

212 

21 

32222 

32428 

32633 

32S38 

33041 

33243 

33445 

33646 

33845 

34044 

202 

22 

34242 

34439 

34635 

34830 

35024 

35218 

35410 

35602 

35793 

35983 

194 

23 

36173 

36361 

36548 

36735 

36921 

37106 

37291 

37474 

37667 

37839 

185 

24 

38021 

38201 

38381 

38560 

38739 

33916 

39093 

39269 

39445 

39619 

177 

25 

39794 

39967 

40140 

40312 

40483 

40654 

40824 

40993 

41162 

41330 

171 

26 

41497 

41664 

41830 

41995 

42160 

42324 

424SS 

42651 

42813 

42975 

164 

27 

43136 

43296 

43456 

43616 

43775 

43933 

44090 

44248 

44404 

44560 

158 

28 

41716 

44870 

45024 

45178 

45331 

45484 

45636 

45788 

46939 

46089 

153 

29 

46240 

46389 

46538 

46686 

46834 

46982 

47129 

47275 

47421 

47567 

148 

30 

47712 

47856 

48000 

48144 

48287 

48430 

48572 

48713 

48855 

48995 

143 

31 

49136 

49276 

49415 

49554 

49693 

49831 

49968 

50105 

50242 

50379 

138 

32 

50515 

50650 

50785 

50920 

51054 

51188 

51321 

51454 

61587 

61719 

134 

33 

51851 

51082 

52113 

52244 

52374 

52504 

52633 

52763 

62891 

53020 

130 

34 

53148 

53275 

53402 

53529 

53655 

53781 

53907 

54033 

54157 

54282 

126 

35 

54407 

54530 

54654 

54777 

54900 

55022 

55145 

55266 

56388 

55509 

122 

36 

5n630 

55750 

55S70 

55990 

56110 

56229 

56348 

56466 

66584 

56702 

119 

37 

56S20 

56937 

57054 

57170 

57287 

57403 

57518 

67634 

67749 

57863 

116 

38 

57978 

58092 

58200 

58319 

58433 

58546 

68658 

68771 

58883 

58995 

113 

39 

59106 

59217 

5932S 

59439 

59549 

59659 

59769 

69879 

59988 

60097 

110 

40 

60206 

60314 

60122 

60530 

60638 

60745 

60862 

60959 

61066 

61172 

107 

41 

61278 

61384 

61489 

61595 

61700 

61804 

61909 

62013 

62118 

62221 

104 

4i 

62325 

62428 

62531 

62631 

62736 

62838 

62941 

63042 

63144 

63245 

102 

43 

63347 

63447 

63548 

63648 

63749 

63848 

63948 

64048 

64147 

64246 

99 

44 

64345 

64443 

64542 

64640 

64738 

64836 

64933 

65030 

66127 

65224 

98 

4& 

65321 

65417 

65513 

65609 

65705 

65801 

65896 

65991 

66086 

66181 

96 

46 

66276 

66370 

66461 

66558 

66651 

66745 

66838 

66931 

67024 

67117 

94 

47 

67210 

67302 

67394 

67486 

67577 

67669 

67760 

67861 

67942 

68033 

92 

48 

68124 

68214 

68304 

68394 

68484 

68574 

68663 

68752 

68842 

68930 

90 

49 

69020 

69108 

69196 

69284 

69372 

69460 

69548 

69635 

69722 

69810 

88 

50 

69897 

69983 

70070 

70156 

70213 

70329 

70415 

70500 

70586 

70671 

86 

61 

70757 

70842 

70927 

710U 

71096 

71180 

71266 

71349 

71433 

71516 

84 

52 

71600 

71683 

71767 

71850 

71933 

72015 

72098 

72181 

72263 

72346 

82 

S3 

72428 

72509 

72591 

72672 

72754 

72835 

72916 

72997 

73078 

73158 

81 

&4 

73239 

73319 

73;i99 

7;i480 

73559 

73639 

73719 

73798 

73878 

73957 

80 

55 

74036 

74115 

74193 

74272 

74351 

74429 

74607 

74585 

74663 

74741 

78 

66 

74818 

74896 

74973 

75050 

75127 

75204 

75281 

75358 

75434 

76511 

77 

57 

75587 

75663 

75739 

75815 

75891 

75966 

76042 

76117 

76192 

76267 

75 

58 

76342 

76417 

76492 

76566 

76641 

76715 

76789 

7686;^ 

76937 

77011 

74 

69 

77085 

77158 

77232 

77305 

77378 

77451 

77524 

77597 

77670 

77742 

73 

60 

77815 

77887 

77959 

78031 

78103 

78176 

78247 

78318 

78390 

78461 

72 

61 

78533 

78604 

78675 

78746 

78816 

78887 

78958 

79028 

79098 

79169 

71 

62 

79239 

79309 

79379 

79448j79518 

79588 

79657 

79726 

79796 

79865 

70 

63 

79934 

80002 

80071 

80140180208 

80277 

80345 

80413 

80482 

80560 

69 

S4 

80618 

80685 

80753 

80821180888 

80956 

81023 

81090 

81157 

81224 

68 

65 

81291 

81356 

81424 

81491181557 

1 

81624 

81690 

81756 

81822 

81888 

67 
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Common  or 

Brlgrss  Iiograrlthms 

.  Base  =>  10. 

No. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

Prop. 

86 

81964 

82020 

82085 

82161 

82216 

82282 

82347 

82412 

82477 

,82642 

66 

67 

82607 

82672 

82736 

82801 

82866 

82930 

82994 

83068 

88123 

83187 

65 

68 

83250 

83314 

83378 

83442 

83506 

83569 

83632 

83695 

88758 

83821 

64 

69 

83884 

83947 

84010 

84073 

84136 

84198 

84260 

84323 

84385 

84447 

68 

70 

84509 

84671 

84633 

84695 

84767 

84818 

84880 

84941 

85003 

85064 

62 

71 

85125 

85187 

86248 

86309 

86369 

86430 

86491 

86651 

85612 

86672 

61 

72 

857S3 

85793 

86863 

86913 

86973 

86038 

86093 

86163 

86213 

86272 

60 

73 

86332 

86391 

86451 

86610 

86569 

86628 

86687 

86746 

86805 

86864 

69 

74 

86023 

86981 

87040 

87098 

87167 

87216 

87273 

87332 

87890 

87448 

68 

75 

87606 

87564 

87621 

87679 

87737 

87794 

87862 

87909 

87966 

88024 

57 

76 

88081 

88138 

88195 

88262 

88309 

88366 

88422 

88479 

88636 

88602 

66 

77 

88649 

88705 

88761 

88818 

88874 

88930 

88986 

89042 

89098 

80163 

66 

78 

89209 

89265 

89320 

89376 

89431 

89487 

89642 

89697 

89662 

89707 

66 

79 

89762 

89817 

89872 

89927 

89982 

90036 

90091 

90146 

90200 

90264 

64 

80 

90309 

90363 

90417 

90471 

90626 

90579 

90683 

90687 

90741 

90794 

64 

81 

90848 

90902 

90955 

91009 

91062 

91115 

91169 

91222 

91276 

91828 

68 

82 

91381 

91434 

91487 

91640 

91692 

91646 

91698 

91750 

91803 

91866 

63 

88 

91907 

91960 

92012 

92064 

92116 

92168 

92220 

92272 

92824 

92376 

52 

84 

92427 

92479 

92531 

92582 

92634 

92686 

92737 

92788 

92839 

92800 

61 

85 

02941 

92993 

98044 

93095 

98146 

93196 

03247 

93296 

93348 

93899 

61 

86 

98449 

93500 

93550 

98601 

08661 

93701 

93761 

98802 

93852 

93902 

60 

■  87 

98951 

94001 

94051 

94101 

94151 

94200 

94260 

94800 

94349 

04898 

49 

88 

94448 

94497 

94646 

94596 

94646 

94694 

94743 

04792 

94841 

94890 

4f 

89 

94939 

94987 

95036 

96085 

96133 

96182 

96280 

95279 

96327 

96376 

48 

90 

96424 

95472 

96620 

96668 

96616 

95664 

95712 

95760 

95808 

96866 

48 

91 

95904 

95961 

96999 

96047 

96094 

96142 

96189 

96236 

96284 

96831 

48 

92 

96378 

96426 

96473 

96620 

96667 

96614 

96661 

96708 

96754 

96801 

47 

93 

96848 

96895 

96941 

96988 

97034 

97081 

97127 

97174 

97220 

97266 

47 

94 

97312 

97369 

97406 

97461 

97497 

97648 

97689 

97635 

97680 

97726 

46 

95 

97772 

97818 

97863 

97909 

97964 

98000 

98046 

98091 

98136 

98181 

40 

96 

98227 

98272 

08817 

08362 

98407 

98462 

98497 

08542 

98687 

98632 

46 

97 

98677 

98721 

98766 

98811 

98866 

98900 

98946 

98989 

99033 

99078 

46 

98 

99122 

99166 

99211 

09256 

99299 

99343 

99387 

99431 

09476 

99619 

44 

99 

99563 

99607 

90651 

99694 

99738 

99782 

99826 

99869 

99913 

99966 

44 

For  extended  table  of  lograrltbnM  see  pages  80-91.  The  table 
above,  being  given  on  two  opposite  pages,  avoids  the  necessity  of  turning  leaves. 
It  contains  no  error  as  great  as  1  in  the  final  figure.    The  proportional  parts,  in 


the  last  column,  give  merely  the  average,  difference  for  each  line.  Heiice,  when 
dealing  with  small  numbers,  and  using  6-place  logs,  it  is  better  to  find  differ- 
ences by  subtraction  :  but  where  a  two-page  table  is  used,  interpolation  is  often 
unnecessary.  Indeed,  the  first  four,  or  even  the  first  three,  places  of  the  man- 
tissas here  given  will  often  be  founa  sufficient.  It  the  first  number  dropped  is 
5  or  more,  increase  by  1  the  last  figure  retained.  Thus,  for  log  660,  mantissa 
.-=  81954,  or  8195,  or  820. 
naltlplleatlon.    Log  a  6  =  log  a  +  log  6. 


I>lTision. 


Ix>g  ^  =»  log  o  —  log  b. 


InTOlntlon  (Powers).    Log  a«  =  n.  log  a. 
ETOlatf.  (Boot.).     i^^^Ma. 


Cbaracteristtcs. 


Log  2870  =  3.45788 
"  287  =  2.45788 
"  28.7  =1.46788 
**    2.87  =«  0.45788 


liOg  0.287  =  0.46788  —  1  =  1.45788 
**  0.0287  =  0.45788  —  2  =  2.45788 
"  0.00287  =  0.45788  —  3  =  3.45788 
"  0.000287  =  0.45788  —  4  =  4.45788 
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LOGARITHMS. 


Commoii  or  Brinrs  lH>ffaril|ims.    Base  =  10. 


Log.  2     ^0.     Log.  §     No.     Log.j§ 


No.    jLog.  g 


00000 
043 

—087 
130 
173 

—217 

—260 


1010 

11 

12 
13 
14 
15 
16 
17 
18 
19 

1020 

21 
22 


1080 

31 
32 
33 
84 
35 


1040 

41 
42 
43 
44 

45 
46 

47 
48 
49 


346 


—775 


475 

618 
-561 
-604  21 

!| 

43 
42 

r 

43 
42 
43 
42 
42 
43 
42 
42 
43 
42 

42 
42 
42 
42 
42 
42 
42 
42 
42 
41 

42 
42 
41 
42 
42 
41 
42 
41 
42 
41 


—903 
945 
■988 

01030 
072 

-115 
157 
199 

—242 

—284 

—326 

■368 

410 

452 

494 

—536 

—578 

—620 

—662 

703 

745 

■787 

828 

870 

—912 

953 

■995 

02036 

—078 


No. 


Log.  g 


1050 

51 
52 
53 
64 
65 
56 
57 
58 


1060 

61 


1070 

71 

72 
73 
74 
75 
76 
77 
78 


1080 

81 
82 
83 
84 
85 
86 
87 
88 


1090 

91 
92 
98 
94 
95 
96 
97 


407 
—449 

m 

—631 

-572 

612 

653 

694 

-735 

—776 

816 

857 


—979 


—060 
100 

—141 
181 

—222 

—262 
302 

842 
-383 
—423 
—463 
—503 
—543 
—583 
—623 
-663 
-703 

—743 
782 
822 
862 

-902 
941 
981 

04021 
060 

—100 


No. 


1100 

01 
02 
03 
04 
05 
06 
07 
08 


1110 

11 
12 
13 
14 
15 
16 
17 
18 
19 

1120 

21 
22 
28 
24 
25 
26 
27 
28 
29 

11.30 

31 
32 
38 
34 
35 
36 
37 
38 


1140 

41 
42 


04139 
—179 
218 
—258 
—297 


40 


—376;^ 
— 415j: 


40 


4931 

5321 
671  i 
610 


727 
766 

sm 

844 
883 


—961 
990 

05088 

—077 
115 

—154 
192 

—231 


846 

—885 

—423 

461 

-^00 

^538 

576 

614 

652 


39 


39 


—729 

—767 

43'— 805 

44  —843 

45  —881 


918 

956 

994 

06032 


38 


38 


1150 

61 
62 
53 
54 
56 
66 
67 
58 
69 

1160 

61 
62 
63 
64 
65 
66 
67 
68 


1170 

71 

•    72 

73 

74 
75 
76 
77 
'  78 
79 

1180 

81 

82 
83 
84 
85 
86 
87 


06070 

—108 
145 
188 

—221 
258 
296 
833 

—371 
408 


—446 

483 
—521 
—658 

595|^ 
-«33|^ 
-6700? 

7071^7 

744lf 


781 

—819 
—856 
—893 
—930 
—907 
07004 
—041 
—078 
—115 
151 

188 

225 

—262 


—372 
408 
446 

-482 
518 


1190—555 

91  591 

92  '—628 
664 


700 

—737 

778 

809 

—846 


1200 

01 
02 
08 
04 
05 
06 
07 
08 


07918'36 
964  36 
990  37 
08027  S^ 
-068i?2 
-099^ 

-135,^ 

-"^36 
-207!?^ 


idio 

11 

12 
13 
14 
16 
16 
17 
18 
19 

1290 

21 
22 
28 
24 
25 
26 
27 
28 
29 

1230 

31 
82 
38 
34 
35 
36 
37 
88 


1240 

41 
42 
48 
44 
45 
46 
47 
48 
49 


-279', 
8141 
360; 
886 

—42*2 

—458 
4931 
6291 

—6651 
600| 


^13 
— 672'J 

707,5 
—743,'* 

778i^ 
—814 

849 

884 


955 

—991 

09026 

061 

096 

—182 

—167 

—202 

■237 

272 

807 


377!g 

^23? 
•-662|g 


Example : 

To  find  Log.  11826: 
I.og.  11830  =  07298 
Dl^  =       10  86 

Log.  11820  =  07262 

11826  — 11820  =  6 
Dif.  for  6  under  36 

=»22 
Log.  11826  = 

07262  +  22  =  07284 


34 


87 

4 

7 
11 
16 
19 
22 
26 
80 

iyVJ 


oog 


f 


LOGARITHMS. 


81 


ComviMii  or  Bff%c»  I^osMPttkivA. 


<«1«. 


No. 


13SO 

51 
62 
53 
54 

55 
66 
67 

68 


1260 

61 
..     62 

^r  64 

-  65 
66 
67 


1270 

71 
72 
73 
74 
75 
76 
77 
78 
79 

1280 

81 
82 
83 
84 
85 
86 
87 


1290 

91 
92 
93 
94 
95 
96 
97 
98 
99 


h^S'la 


09fi9l!„ 

—726!^ 

760 ;.. 

-8301^ 
968** 


1(K(03 

037 
—072 
-106 
140 
■175 
209 
243 
■278, 

— ;^i2!:, 

346]^ 


—449 


34 


685^:^ 
619|J 
653 1 JJ 

687  r^t 

|34 

-721' 

-755i^ 
—789  if? 
--8231^1 


—958 

992 

11025 


—059 
— 093i 
126::^" 

160 :',. 

261'^^ 
294 


33 


—361 


No.     Log.  ^ 

1300ill394|o, 
01  1^28.^ 
02,     461 1"**^ 


03  494^ 

04  —528';] 
06  !    6G1|^ 

06  !     6941 J 

07  I— 628 1 ^o 
08, -661 1^^ 

133 


33 


13101     727[, 

12  '   793:'^;: 

r.i  I     826^ 

14  1—860^ 

15  1—898::^ 

16  1-926,^^ 

17  —9591^^ 
-992|t> 
12024'*- 


1320 

21 
22 
23 
24 
25 
26 
27 
28 
29 

1330 

31 


jd. 


057 1 

090 
1231 

—166 

-189 

—222 

254 

287 

—320 

352 


8851 


33 


32       4501^ 


34 
35 
36 
37 
38 
39 

1340 

41 
42 
43 
44 
45 
46 
47 
46 
49 


3U 


— 616i 

548  i^^ 
-^81 
613 
■646 
678 


710 

743 

775 

■808 

— 840{ 

872 

-905 

-937 


Ko.     Lo|r< 


1350  i:4033 

51  -066; 

52  —098! 


53  — 130i_ 

54  -162'^^ 

55  1-194^^ 


—226 
—258 
-290 
—322 


1360  — 3S4  „., 

^1   -??Si32 


— 4i8!'^:f 

481  i^,^ 

65  513  a 

66  645  if, 

67  —577^."^ 
««  — 609?f 

^^11 


62 
63 
64 

65 


1370 

71 
72 
73 

74 
75 
76 
77 
78 
79 


672 
—704 

735 

767 
—799 

830 
—862 

893:^ 


—925;^ 


956 


1380 

81  ,14019 

82  —051 

83  I     082 

84  —114 

85  1—145 

86  I     176 

87  ,—208 

88  —239 
270 

1390      301 

91  —333 

92  —364 

93  I     395 

94  I     426 

95  I     457 

96  !— 489 


32 


97 


520 
-551,:^ 
—582 


No.     tog.|2     No.     I^og.lg 


140O  14613 


1410 

11 
12 
13 
14 


—675 ;; 

-768  ?] 

-799;;' 

829  ^J 

8601^ 

**9^!3 


-953 

983 

15014 

—045 

15  —076  t 

16  I     1061 

17  —137 

18  :— 168 


19     198 :,, 


1420—229 

21  I     269 

22  —290 


—351 


3811^^ 


-412^ 
442 


28  ,—473! 

29  I     5031 
I 

1430—534 
31   —564 

32  ;  594 

33  —625 

34  — 6551 

35  I     685 

36  715 

37  —746 

38  —776 

39  806 


f,i30 
'31 


30 


1440;     836  30 

41  I     866  31 

42  '—897130 

43  !— 927  30 

44  —957 1 30 

45  —987 1 30 


47  —04 

48  —077 

49  — 10' 


30 

:!3o 


1450 

61 
52 
63 
54 
55 
56 
57 
58 
59 

1460 

61 
62 
63 
64 
65 
66 
67 
68 


1 470 

71 

72 
73 

74 
75 
76 
77 
78 
79 

1480 

81 

82 
83 
84 
86 


88 
89 

1490 

91 
92 
93 
94 
95 
96 
97 
98 
99 


16137 

—167 

—197 

—227 

256 

286 

316 

—346 

—376 

■406 

435 

465 
—495 
524 
654 
■584 
613 
643 
-S7S 
702 

-732 


29 


-791 1 
820 !; 

'850 
879 

-909 


967  i 
—997 

17026 

—056 

—085 

114 

143 

—173: 

■202 
231! 
260 
289 1 

— 319I 
348 
—377 1 
—406 
435 
464 
493 
522 
551 
580 


To  find  Log.  12605 : 
Log.  12610=10072 
Dif.  =       10  35 

Log.  12600=  10037 

12605  —  1260O  ^  5 
Dif.  for  5  under  35 

=  18 
Log.  12605  = 

10037  +  18  =  10055 


35 

34 

33 

32 

31 

1 

4 

3 

3 

3 

3 

2 

7 

7 

7 

6 

6 

3 

n 

10 

10 

10 

9 

4 

14 

14 

13 

13 

12 

5 

18 

17 

17 

16 

16 

6 

21 

20 

20 

19 

19 

7 

25 

24 

23 

22 

22 

H 

28 

27 

26 

26 

25 

9 

32 

31 

30 

29 

28 

30 

3 

6 
9 
12 
15 

18 
21 
24 
27 


A  tiasli  betore 
or  after  a.  log.  dt^- 
DOtes  that  its  true 
value  is  less  thao 
the  tabular  value 
by  less  than  half  a 
unit  ID  the  laist 
place.  Thus: 
Log.  1366=1354507 


m 


LOGARITHMS 


Common  or  BrlgriPi^  liosritf  l*1im«.    Bmm  *»  !•. 

Log.  §     No.     Log.  §     No.     Log.  § 


1«50  21748 
fil   —775 

52  >    m\ 

53  .     827 

54  I— a54' 


55 

—880 

56 

90G 

57 

982 

58 

958 

16«0  22011 

61  —037 

62  ,     063 

63  089 

64  115 

65  141 

66  167 

67  1—194 

68  1—220 
-246 


1670 

71 
^2 
73 
74 
75 
76 
77 
78 
79 

81 
82 

83 
84 
85 
86 
87 


—272 

—298 
^S24 
—350 
— >S76 
401 
427 
453 
479 
605 

-  531 

-557 

—583 

608 

6H4 

—660 

-686 

—712 

737 

—763 


1690 

—789 

91 

814 

92 

840 

93 

-866 

94 

891 

95 

-917 

96 

—943 

97 

968 

98 

—994 

99 

23019 

1700 

01 
02 
03 
04 

05 
06 
07 
OS 
09 

1710 

11 

12 
13 
14 
15 
16 
17 
18 
19 

1720 

21 
22 
23 
24 
25 
26 
27 
28 
29 

1730 

31 
82 
33 
34 

35 
36 
37 
38 


1740 

41 

42 
43 
44 

45 
46 

47 
48 
49 


070 
—096 

121 
—147 

172 
—198 

223 
—249 

274 

—800 
855 
360 

—376 
401 
426 

—452 
477 
502 

—528 

-553 

578 
603 

^629 
654 

—679 
704 
729 
754 
779 

—805 

830 
855 
—880 
—905 
•930 
955 


-l»»U,26 
24005;- 
-030  25 

-O55L 

-IO5E 

-165  o? 
-180^5 

204  2^ 
-279  i 


Example: 

To  find  Log.  15414: 
TiOg.  15420  =  18808 
Dif.      =10  28 

Log.  15410    =     18780 
15414  —  15410  =  4 
Dif.   for  4   under  28 
=  11 
Log.  1.5414  = 

18780  +  11  =  18791 


20 

28 

27 

26 

25 

1 

3 

3 

3 

3 

3 

2 

6 

6 

5 

5 

5 

3 

0 

8 

8 

8 

8 

4 

12 

11 

11 

10 

10 

5 

15 

14 

14 

13 

13 

6 

17 

17 

16 

16 

15 

7 

20 

20 

19 

18 

18 

H 

23 

22 

22 

21 

20 

« 

26 

25 

24 

23 

23 

24 

2 
5 
7 

10 
12 
14 
17 
19 

■Oigitizoc 


A  dasli  before 
or  after  a  log.  de- 
notes that  its  true 
value  is  less  than 
the  tabular  value 
by  less  than  half  a 
unit  in  the  last 
place.  Thus ; 
Log.  1562=1936810 


ix)aAKrrHif8. 


83 


OMnmoB  or  Brtffgw  Ito^^mrUimmm. 


>MK 


Ko. 


1750 

^    52 

n   54 

56 

58 

1760 

62 
S:  64 
«^.  66 

68 
1770 

72 
...  74 
B  76 
-    78 

1780 

82 
84 


1790 

92 
94 


1800 

02 
04 
06 
08 

1810 

12 
14 
16 
18 

1820 

22 
V.  24 
a.  26 

28 
1830 

32 

34 


1840 

42 
44 
46 

48 


LoffJ  2 


353: 
-403^ 
452^ 


5511 
-601  ^ 
-650  j 


7481 
797  i' 
846' 
895 
944 
993 


,V49 
49 
49 
49 

2n042| 
—091 


49 


189 

188 
—2371 

285! 
—3341 

3821 
—4311 
—479 

527 

57.5 

—624 

—6721 

— 720l 


-8641^^ 
.9121^5 


26007  ,„ 
)55!^« 


1021 

150! 
-198 
245 
-293 
—340 
387 
—435 

—482 
-529 
576 1 
623 
670 


No. 


58  .—905  46 

60      951 U? 

62  !— 998147 


1870 


1930 

22 
24 


— 277  "^^^ 

323  nS 

-370  t' 


—738 
—784 
—830 


No. 


092'; 

-i:i7  ■ 

181  ' 


—226, 

— 27o!l 

314' 

3581' 

-408| 


1950  29003 

52 
64 
56 
58 

1960 

62 
64 
66 
68 
1970 
72 
74 
76 
78 

1980 

82 
84 
86 
88 
1990 
92 
94 
96 
98 

2000 

02 
04 
06 

08 

2010 

12 
14 
16 
18 

2020 


Log.  JT     No, 


44 
44 
44 

45 
44 
-447t^ 

—491  r\ 

-5351^1 
-579;4| 

-667L.^ 
710^^ 

754I44 
-798,^^ 


—842 
885 
—929, 
—973 1 
30016, 
—060 1 

— 103| 


43 


276IJ 

-320L 
3631* 

-4061^ 
449!] 
492i 
4 

53.5N 


6211"" 
-„  -664|f^ 

28  i— 707  !^ 


2OSO!— 7501, 


204O 

42 
44 

46 
48 


792  L 
835 
-878 
920 


43 
963143 
31006  TTi 

048  ;*.;; 

-0911^^ 


Loy.l 


2050  31175143 

52  1—218:42 
54  2601 42 
56  I  302 1 43 
58   —345142 

2060;— 387  42 
62  —429  42 
64  '— 471I42 
66  i  513  42 
68  1     555142 

20701  597142 
72  '— fl39  42 


3140 

42 
44 
46 
48 


'  —  o»->oi4j 

1-879  40 

!     919^41 

1     9iM)  41 

,33(H)ll- 
'  |40 

1-082^^ 
203j4; 


No. 

Log. 

2150 

33244 

52 

284 

54 

—325 

56 

-365 

58 

405 

2160 

445 

62 

—486 

64 

-^26 

66 

—566 

68 

-606 

2170 

—646 

72 

—686 

74 

—726 

76 

—766 

78 

—806 

2180 

-846 

82 

885 

84 

925 

86 

966 

88 

34006 

2190 

044 

92 

084 

94 

—124 

96 

163 

98 

—203 

2200 

242 

02 

—282 

04 

321 

06 

—361 

08 

—400 

2210 

439 

12 

—479 

14 

—518 

16 

-557 

18 

596 

2220 

6:^5 

22 

674 

24 

713 

26 

—753 

28 

—792 

3330 

830 

32 
34 
36 

38 

3240 

42 
44 
46 

48 


35025 
—064 
102, 
—141 1 
—180, 


To  find  Log.  18117 
Log.  18120  =  25816 
Dif.     20  48 

Log.  18100  =  25768 
18117  —  18100=  17 
Under  48 
Dif.  for  10  —  24 

«    «    7  =  n 

"   "  17  =  41 
Log. 18117  = 
25768  +  41 


50 

49 

48 

3 

2 

2 

5 

5 

5 

8 

7 

7 

10 

10 

10 

13 

12 

12 

15 

15 

14 

18 

17 

17 

20 

20 

19 

23 

22 

22 

25 

25 

24 

>  47 

2 

5 

7 

9 

12 

14 

16 

19 

21 

24 


46 

45 

44 

2 

2 

2 

5 

5 

4 

7 

7 

7 

9 

9 

9 

12 

11 

11 

14 

14 

13 

16 

16 

15 

18 

18 

IS 

21  20 

20 

23  , 

23 

22 

43 

2 
4 
6 
9 

11 

13 

15 

17 


41 

40 

39 

38 

2 

2 

2 

2 

4 

4 

4 

4 

6 

6 

6 

6 

8 

8 

8 

8 

10 

10 

10 

10 

12 

12 

12 

11 

14 

14 

14 

13 

^►6 
21 

16  J 

20 

1.^ 
17 
19 

84 


U)GARITHMS. 


C«iiiii 


I  I^Qi^MPlttoltS* 


»io« 


Ho.     Log.  §     Ko.     Lof.  g     No.     Log.j  g 


3250 

52 
54 
56 
68 

2260 

62 
64 
66 
68 
2270 
72 
74 
76 
78 

2280 


2290 

92 
94 
96 
98 

2800 

02 
04 
06 
08 

2810 

12 
14 
16 
18 

2320 

22 
24 
26 
28 
2880 
32 
84 
86 
88 

2S40 

42 
44 

46 
48 


—267 
295 

-334 
372 

—411 

449 

-488 

—526 

564 

-608 

—641 
679 
717 
755 

798 

—882 

—870 

—908 

—946 

-984 

36021 

059 

097 

185 

—173 

—211 

248 


861 


436 

—474 

511 

-549 

686 

—624 

—661 

698 

—786 

—773 

810 

847 

884 


37088 
—070 


2850 

52 
54 
66 
68 

2360 

62 
64 
66 
68 
2870 
72 
74 
76 
78 

2380 

82 
84 
86 
88 
2800 
92 
94 
96 


87107 

—144 

—181 

—218 

264 


37 
37 
37 
i36 

137 

-328137 
3fi 


4or 

488 

—475 
511 
548 

—585 1 
621 


—781 
767 
808 

—MO 
876 
912 

—949 

—986 

2400  38021 
057 
04 
06 
08 

2410 

12 
14 
16 
18 


—180 
—166 

-202 
—288 
—274 
—310 
—346 


37 


36 


2420—882 

22  1    417 
24      453 
26      489'. 
28  l--525!;^^ 


82 

"S^ 

34 

632 

36 

-668 

88 

703 

40 

-789 

42 

—775 

44 

810 

46 

—846 

48 

881 

2450 

52 
54 
56 
58 

2460 

62 
64 


2470 

72 
74 
76 
78 

2480 

82 
84 


2400 

92 
94 
96 
98 

2500 

02 
04 
06 
08 

2516 

12 
14 
16 
J8 

2520 

22 
24 
26 
28 
2580 
32 
34 
36 
38 

2540 

42 
44 
46 
48 


058 

—094 

—129 

164 

199 

—285 

—270 

—305 

—340 

375 

410 

445 
480 
515 
550 
585 
—620 
—655 


389171^ 
39023,^ 


724 
769 

794 

—829 

868 

898 

-983 

967 

40002 

—037 

071 

—106 

140 
— ITo 
—209 

248; 
—278 1 

3461^ 
—3811; 
— 416j 

449;' 

488 
—518 
—562 
—586 
—620 


No. 


2550 

52 
54 
56 
68 

2560 

62 
64 
66 
68 
2570 
72 
74 
76 
78 

2580 

82 
84 
86 
88 
2590 
92 
94 
96 
98 

2600 

02 
04 
06 
08 

2610 

12 
14 
16 
18 

2620 

22 
24 
26 
28 
2680 
32 
34 


2640 

42 
44 
46 

48 


40664 
688 
722 
766 
790 

—824 

858 

—892! 

—926 

9m 

993 
41027 
—061 
—095 

128 

—162 
—  196 

229 
—263 

296 
—880 


Log.  g  No.  Log, 


430 
-464 

497 

—531 

564 

597 

—631 

664 

697 

—731 

—764 

—797 

830 

863 


92934 

42029'?? 

-09533 
127,32 
'33 


193 

226 

—269 

—292 


2650 

52 
64 
56 
58 

2660 

62 
64 
~66 
68 
2670 
72 
74 
76 
78 

2680 


2690 

92 
94 
96 
98 

2700 

02 
04 
06 
08 

2710 

12 
14 
16 
18 

2720 

22 
24 
26 
28 
2780 
82 
34 
tie 


2740 

42 


357 


455 

488 
—521 

553 

586 
-619 

651 
—684 

716 
—749 

781 

813 
-846 

878 
-911 
—943 

975 
43008 
—040 
—072 

104 

136 

-169 

—201 

—283 


3S 
32 
33 
33 
32 
St 
32 
38 
32 
32 

38 


-297 
—329 
—361 
398 
—425 


—521 

—563 

584 


32 
32 
31 
32 

648|oo 

—680^5 

712132 

775-4 

8(»7  i; 
838^1 

-902|32 


To  find  Log.  28885: 
Log.  23340  =  36810 
Dif.      20  87 

Log.  23320    *=    86773 
28835  —  23320  =«  15 
Under  87 
Dirfor  10  =  19 
»•  "  "     5  =_9 

"     "  15  =  28 


1 


1773  +  28  =  36801. 


89 

88 

87 

1 

2 

2 

2 

2 

4 

4 

4 

8 

6 

6 

6 

4 

8 

8 

7 

5 

10 

10 

9 

« 

12 

11 

11 

7 

14 

18 

13 

H 

16 

15 

15 

9 

18 

17 

17 

10 

20 

19 

19 

85 

2 
4 

5 
7 
9 
11 
12 
14 
16 
18 


83 

2 
8 
5 
7 
8 
10 
12 
13 


31 

2 

1 

8 

2 

6 

8 

6 

8 

9 

11 

12 

14 

16 

[10 

LOOABITHHS. 


86 


iCbmiiioii  or  Brlgfipii  IiOfrarltliiiis.    Bmm  —  K>. 


No. 


3750 

*:    56 

58 


S760 

62 
K     64 

ff  66     1  10.J    q, 

-"     68  —217  ?' 


LogJg     No.      LogJ'g 


43933  32 

996,32 
440281- 

— 091     q. 

122;^1 

154    qi 

185  '^^ 


»770j— 248L 
72  I     279 '^J 
..      74-311'"-- 
^     76  —342 


78 

3780 

82 
84 
86 
88 
3790 
92 
94 


,31 
373|} 
404L^^ 


-4fi7 


3SOO 

08 

3810 

12 
^     14 

■•      16 

"        18 

3830 

22 
Bi  24 
kc.  26 
"  28 
3830 
32 
.   34 

K  ,36 

or  38 

3840 

42 
44 

46 
48 


498- 
560L,^ 

— 592:^r 

-654.^ 
-685^31 

-716' 

-747|3 

-778*3] 


—840 

—871 

—902 

932 

963 

994 

45025 
—056 

086 

117 
—148 
—179 

209 
—240 
—271 

301 

—332 
362 

—393 

423 

-^54 


3850 

52 
54 

56 
58 

2860 

62 
64 
66 
68 
2870 
72 
74 
76 
78 


45484", 


606 


19?!30 
J2i|31 


2880 

82 


818 
—849 

-879 


969 1 31 
84  [46000  - 
86   —030 
88  1—060 


3890—090 
92  —120 


•2900 

02 
04 

06 
08 

3910 

12 
14 
16 

18 

2930 

22 
24 
26 
28 
39:)0 
32 
34 
36 
38 

3940 

42 
44 
46 
48 


—150 
—180 
—210 

—240 
—270 
—300 
—330 


419 
-449 


568 

—598 

627 

657 

—687 

716 

746 

— 776i: 

805 

— 835L 


-953|g 


No.      Lo^.  g     No,     Log.ig 


3950 

52 

54 
56 
58 

3900 

62 
64 
66 
68 
3970 
72 
74 
76 
78 

3980 

82 
84 


3990 

92 
94 

96 
98 

30OO 

02 
04 
06 
08 

3010 

12 
14 

16 
18 

3030 

22 
24 
26 
28 
3030 
32 
34 


46982  30 
■7012  - 

041  .^S 

070: 
-1001 


30 


I     129! 
—159; 

— 188i 

246'  ^ 


3040 

42 
44 

46 
48 


-276; 

—305 
334; 
363 1 
392 

-422 

—451 
—480 
—509 
538 
567" 
596 
625 
654 
683 

712 

741 
-770 
—799 
—828 

-857 
8a'j 
914 
943 

-972 

48001 
029 
058 

-^87 

—116 
144 
173 

—202 
230 

—259 

287 
—316 

344 
—373 

401 


3050 

52 
54 

56 
68 

3060 

62 
64 
66 
68 
3070 
72 
74 
76 
78 

308O 

82 
84 
86 
88 
3090 
92 
94 
96 
98 

3100 

02 
04 
06 
08 

3110 

12 
14 
16 

18 

3130 

22 
24 
26 
28 
3130 
32 
34 


-^44 

572 

— 60t 

629 

657 

—686 

—714 

742 

770 

•799 

—827 

855 
883 
911 
-940 


3140 

42 
44 
46 

48 


458!.,Q 

-487j.;9 


—996 
49024 
052  28 

080l28 
108  28 

136  2« 

164 

192 

220 

248 


276 
—304 

332 
—360 

•388 

415 

443 

471 

—499 

—527 

654 

582 

610 

—638 

665 

—693 
—721 

748 
776 


No. 

Log. 

3150 

49831 

52 

-859 

54 

886 

66 

—914 

58 

941 

3100 

—969 

62 

996 

64 

50024 

66 

051 

68 

—079 

3170 

-106 

72 

133 

74 

—161 

76 

188 

78 

215 

3180 

—243 

82 

270 

84 

297 

86 

—325 

88 

—352 

3190 

379 

92 

406 

94 

433 

96 

—461 

98 

-^88 

3300 

—515 

02 

542 

04 

669 

06 

596 

08 

623 

3310 

—651 

12 

—678 

14 

-705 

16 

—732 

18 

—759 

8230  —786 
22  —813 


24 

26 

28 

3330 

32 
34 

36 
38 

3340 

42 
44 
46 

48, 


—840 
866 
893 
920 
947 
974 
51001 
—028 

—055 

081 

108 

—135 

—162 


To  find  Log.  29019 : 
Log.  29020  =  46270 
ml      20  30 

Log.  29000  =  46240 
29019  —  29000  =  19 
Under  30 
Dif.  for  10  =  15 
*'      "     9  =  U 
"      "  19  =  29 
Log.  29019  = 
46240  +  29  =  462^9. 


I  32 

2 
3 
5 
6 
8 
10 
11 
13 
14 


10    16 


31 


5 

6 
8 
9 
11 

I    14 

I   16 


29 

28 

27 

26 

1 

1 

1 

1 

1 

3 

3 

3 

3 

2 

4 

4 

4 

4 

3 

6 

6 

5 

5 

4 

7 

7 

7 

7 

5 

9 

8 

8 

8 

6 

10 

10 

9 

9 

7 

12 

n 

11 

10 

2' 

13 

13 

12n 

gitlzed 

^^St 

15 

14 

14 

13 

A  dash  before 
or  after  a  log.  de- 
notes that  its  true 
value  is  less  than 
the  tabular  value 
by  less  than  half  a 
unit  in  the  last 
place.  Thus : 
Log.  H12S  4i»"v2fi67 
^    '■     "  '(i-4955443 


r 


86 


VOOABXTBMB. 


€•11 

lOMB 

or  Bvin>«  I<osaritlunB. 

Bmo 

«1«. 

No. 

Log. 

^ 

a 

No. 

Log. 
52504 

^ 

No, 

Log. 

53782 

No. 

Log. 

No. 

Log. 

56229 

§ 

3950 

51188 

27 
27 
'26 

3350 

3450 

3550 

55023 

3650 

52 

215 

62 

530 

26 

52 

807 

25 

52 

047 

24 

52 

253 

24 

54 

—242 

54 

556 

26 

54 

832 

25 

54 

-072 

25 

54 

-277 

24 

56 

268 

56 

582 

26 

56 

857 

25 

56 

096 

24 

56 

-301 

24 

58 

295 

27 
27 

58 

608 

26 

26 

58 

882 

25 
26 
25 
25 
25 
25 
25 

58 

—121 

25 
24 

58 

324 

23 
24 

saeo 

—322 

26 

3360 

—634 

3400 

—908 

3560 

—145 

3660 

348 

62 

348 

62 

—660 

26 

62 

—933 

62 

169 

24 

62 

—372 

24 

64 

375  l' 
-402  il 

64 

—686 

26 

64 

—958 

64 

—194 

25 

64 

-396 

24 

66 

6ti 

711 

25 

66 

—983 

66 

218 

24 

66 

419 

23 

68 

8a7o 

428 
^i55 

27 
26 
27 
26 
27 

68 
3370 

737 
—763 

26 
26 

68 
3470 

54008 
-^33 

68 
3570 

242 
—267 

24 
25 

68 
3670 

-443 

^167 

24 
24 

72 

481 

72 

-789 

26 

72 

—058 

25 

72 

291 

24 

72 

490 

23 

74 

-5U8 

74 

—815 

26 

74 

-083 

25 

74 

315 

24 

74 

—514 

24 

76 

534 

76 

840 

25 

76 

—108 

25 

76 

—340 

25 

76 

-^38 

24 

78 

—561 

78 

-866 

26 

78 

—133 

25 

78 

364 

24 

78 

561 

23 

2fi 

26 

25 

24 

24 

8»80 

587 

27 
26 

^, 

27 
26 

3380 

—892 

3480 

-158 

3580 

388 

25 

3680 

— 5a5 

23 
24 
24 
23- 
24 

23 

24 
23 
24 

82 

—614 

82 

917 

25 

82 

—183 

25 

82 

—413 

82 

608 

84 

640 

84 

943 

26 

84 

—208 

25 

84 

—437 

24 

84 

—632 

86 

—667 

86 

-969 

26 

86 

—233 

26 

86 

461 

24 

86 

—6.56 

88 

s»oo 

693 
—720 

88 
3390 

994 
53020 

25 
26 

88 
3490 

—258 
—283 

2n 
25 

88 
3590 

485 
509 

24 
24 

88 
3690 

679 
—703 

92 

—746 

92 

-046 

26 

92 

307 

24 

92 

-534  25 

92 

726 

94 

772  -• 
-799  h 

94 

071 

25 

94 

332 

25 

94 

-658  ^4 

94 

-7.50 

96 

96 

-097 

26 

96 

357 

2,> 

96 

-682  24 

96 

773 

98 

825 

o« 

98 

122 

25 

98 

—382 

25 

98 

606  24 

98 

—797 

3300 

851 

26 

27 

26 
26 

3400 

—148 

26 
25 

3500 

-407 

25 

3000 

630  l\ 

654  11 

678  f. 

-703  f. 

3700 

820 

23 
24 

02 

-878 

02 

173 

02 

—432 

25 

02 

02 

—844 

04 

904 

04 

-199 

2f» 

04 

4.'>fi 

24 

04 

04 

867 

23 

06 

930 

06 

224 

25 

06 

481 

25 

06 

06 

—891 

24 

08 

-»'^7:26 

08 

-260 

2r» 

25 

08 

— 50G 

25 
25 

08 

08 

—914 

23 
23 

8310 

—983  q„ 

52009  l^ 

3410 

275 

26 

3510 

—631 

3G10 

-751  „. 
-775  24 
— TMQ   -^ 

-823  ;1 

-847  24 

3710 

937 

24 
23 
24 

12 

12 

—801 

9.*; 

12 

655 

24 

12 

12 

—961 

14 

035 

26 
27 
26 

14 

326  oal 

14 

5S0 

25 

14 

14 

984 

16 

061 

16 

-362 

25 

16 

—605 

2.'» 

16 

16 

57008 

18 

-088 

18 

877 

26 

18 

—630 

25 
2-J 

18 

18 

—031 

26 
23 

3320 

—114 

26 
26 
26 
2(\ 
26 

3490 

-403 

25 

3520 

654 

3020 

-895  24 
-919   24 

3720 

064 

22 

—140 

22 

428 

2.T 

22 

—679 

25 

22 

22 

—078 

24 

24 

166 

24 

453 

26 

24 

—704 

25 

24 

24 

—101 

23 

26 

192 

26 

-479 

25 

26 

7-'8 

24 

26 

-943  ft 
-967  24 

26 

124 

23 

28 

218 

28 

504 

26 

28 

—753 

25 

28 

28 

—148 

24 
23 
23 
23 
24 
23 
23 

8330 

244 

26 
27 

3430 

629 

26 

3530 

777 

24 

3030 

—991   24 
56015  - 

3730 

—171 

32 

270 

32 

—655 

32 

802 

25 

32 

32 

194 

34 

—297 

34 

580  ;5^I 

34 

—827 

25 

34 

038  23 

34 

217 

36 

-323  ^l 
-349  26 

36 

605 

26 
25 

36 

851 

24 

m 

062  24 

36 

—241 

38 

38 

-631 

38 

—876 

25 
24 

38 

086  24 

38 

—264 

3S40— 375|„J 

3440 

-656 

25 
25 
26 
26 
25 

3540 

900 

25 
24 
25 
24 
25 

3G40 

no  2^ 

-134   24 
-168  ^l 

-182  ;* 

206  23 

3740 

287 

23 
24 
23 
23 
23 

42 

-4011. 5" 
-427  .1^ 
-453  it 

17(1!    ^O 

^^^i  25 

42 

681 

42 

—925 

42 

42 

310 

44 

44 

706 

44 

949 

44 

44 

—334 

46 

46 

-732 

46 

—974 

46 

46 

—367 

48 

48 

-757 

48 

998 

48  j 

48 

^38(» 

Totiud  Log.  36114: 

HZ 

r  26 

25 

24 

23 

A  dasb  before 

Log.  36120  =  55775 

] 

\ 

1 

] 

] 

1 

] 

or  after  a  log.  de- 

Log. 36100  =  55751 

2 

3 

3 

3 

2 

s 

notes  that  its  true 

Dif.         20            584 

3 

4 

4 

4 

4 

3 

3 

value  is  less  than 

36114  —  36100  =  14 

4 

5 

5 

5 

5 

5 

4 

the  tabular  Talue 

Under  24 

ft 

7 

7 

6 

6 

6 

5 

by  less  than  half  a 

Dif.  for  10  =  12 

0 

8 

8 

8 

7 

7 

« 

unit   in    the    last 

*'      "     4  =    5 

7 

10 

9 

9 

8 

8 

7 

place.    Thus : 

Log. 
557 

"  1 

36114 
51  -H  1 

4  = 

7  = 

=  17 
=  55768. 

8 

9 

10 

11 

12 
14 

10 
12 
13 

10 
11 
IS 

1 
1 

1 

0 
1 
2 

9 

10 
12 

8 

it 

Log.; 

i  :ed  by  Vj 

J490  =  ^ 

)492  >=rf 

0Ogl( 

42825 

'43074 

> 

4 
2 

UM^ftCTBHS. 


87 


CammoB  or  Brlns  IxusAriUiaM.    Base  »  10. 


S750 

".  65 
JV  60 
X\  66 
J»  70 
I»  75 
?  80 
0.  85 
a-  90 
95 

8800 

05 
.  10 
?  15 


25 


?.  30 

-  36 
40 
45 

3850 

55 
60 
65 

•  70 
V  75 
r.  80 

•  85 
f.  90 

95 

3900 

05 

■      10 

•1  20 
?•  25 
e,  80 

-  85 
40 
46 


57403 
-^61 

—519 
576 
634 

—692 
749 

—807 

—864 
921 


978 
58035 
092 
149  i 
206 


57 

57 

57 

^57 


2H3 

—320 

377 

433 

—490 

546 

602 

—659 

715 

771 

827 

883 

939 

—995 

59051 

106 
162 

-2ia 

273 

—329 

384 

439 

494 

—550 

—605 


3950 

66 

60 

65 

i-    70 

?  76 

f     80 


—660 

-715 

■770 

824 

879 

—934 

988 

85  160043  ^ 

90  I  097,  *^j 

95  —152  ^S 

I     I  04 


No. 

4000 

05 
10 
15 
20 
25 
30 
35 
40 
45 

4050 

55 
60 
65 
70 
75 
80 
8o 
90 
95 

4100 

05 
10 
15 
20 
25 
30 
35 
40 
45 

4150 

56 
60 
65 
70 
75 
80 
85 
90 
95 

4300 

05 
10 
15 
20 
25 


60206 

260 

314 

^369 

^23 

^77 

—531 

584 

638 

—692 

—746 
799 

—853 
906 
959 

610i:^ 
OHB 
119 
172 
225 

278 

331 

384 

—437 

—490 

542 

595 

—648 

700 

752 

—805 

857 

909 

962 

62014 

—066 

—118 

—170 

221 

273 

—326 

—377 
428 

—480 
531 

—583 


30   634 

35   685 

40  1—737 
46  j— 788 


Ko. 

4»50 

55 
60 
65 
70 
75 
80 
85 
90 
95 

4300 

05 
1*0 
15 
20 
25 
30 
35 
40 
45 

4350 

55 
60 
65 
70 
75 
80 
85 
90 
95 

4400 

05 
10 
15 
20 
25 
30 
35 
40 
46 

4450 

55 

60 
65 
70 
75 
80 
85 
90 
95 


62839 1  ^1 
-890  l\ 
-941  5 

■992: 

63043  - 

-0941  ?1 

144 1  '"iO 

195)51 

—246 

296 


LoifJ  g  No, 


347 

397 

448 

498 

548 

599 

—649 

—699 

-749 

—799 

■849 
—899 
—949 

998 
64048 
—098 

147 
-197 

246 
—296 

345 

395 

—444 

493 
542 
591 
640 
689 
738 
787 

836 

—885 

933 

982 

65031 

079 

—128 

176 

225 

273 


4500 

05 
10 
15 
20 
25 
30 
35 
40 
45 

4550 

55 

60 
66 
70 
75 
80 
85 
90 
95 

4600 

05 
10 
15 
20 
25 
30 
35 


Log. 

65321 
369 
—418 
—466 
—514 
-562 
—610 
—658 
—706 
753 

801 
—849 

896 

944 
—992 
66039 
—087 
—134 

181 
—229 

—276 
—323 
370 
417 
464 
511 
658 
606 


40  —652 

45  —699 

4650  745 

55  — T92 

60  —839 

65  885 

70  —932 

75  978 

80  67025 

85  —071 

90  117 

95  —164 

4700  —210 

05  —256 


302 
348 
394 
440 
4R6 
-532 


40  —,578 
45  1—624 


No. 


Log. 


4750  67669 
65  715 
60  -701 
65  806 
70  —852 
75  1  897 
80  !-943 
85 

90  68034 
95  —079 


4800 

(J5 
10 
15 
20 
25 
30 
35 
40 
46 

4850 

55 

60 
65 
70 
75 
80 
85 
90 
95 

4900 

05 
10 
15 
20 


124 
169 
—215 
—260 
—305 
—350 
—395 
440 


30 
35 
40 
45 

4950 

55 
60 
65 
70 
75 
80 
85 
90 
95 


—485 
529 

*574 

—619 
664 
708 

-753 
797 

—842 
886 

—931 
975 

69020 

—064 

108 

152 

■197 

■241 

■285 

—329 

—373 

-417 

—461 

504 

548 

—592 

—636 

679 

—723 

— 7f;7 

81t» 

—854 


3 
4 

5 
6 

7 

8 

9 

10 


58 

57 

56 

1.2 

1.1 

1.1 

2.8 

2.3 

2.2 

3.5 

3.4 

3.4 

4.6 

4.6 

4.5 

5.8 

6.7 

5.6 

70 

6.8 

6.7 

8.1 

8.0 

7.8 

9.3 

9.1 

9.0 

10.4 

10.3 

lOA 

11.6 

11.4 

11.2 

55 

1,1 
2.2 
3.3 

4.4 
5.5 
6.6 
7.7 
8.8 
9.9 
11.0 


54 

1.1 

2.2 
3.2 
4.3 

5.4 
6.5 
7.6 
8.6 
9.7 
10.8 


53  51 

50  49 

48 

47  46 

i.o!  1.0 

l.Oi  1.0 

1.0 

0.9'  0.9 

2.1    2.0 

2.0I  2.0 

1.9 

1.9    1.8 

3.1'  3.1 

3.0    2.9 

2.9 

2.8    2.8 

4.2  j  4.1 

4.0    3.9 

3.8 

3.8    3.7 

5.2    5.1 

5.0;  4.9 

4.8 

4.7i  4.6 

6.2    6.1 

6.0    6.9 

5.8 

5.6'  5.5 

7.3    7.1 

7.0!  6.9 

6.7 

6.6'   6.4 

8.3 1  8.2 

8.0'  7.8     7.7 

7.5;   7.4 

9.4!  9  2 

9.0I  8.R  !  8.6 

8.5 /^.3i 

10.4']0.2 

lO.O'  9.8 

L*H6 

te^b||V^g 

44 

0.9 
1.8 
2.6 
3.5 
4.4 
5.3 
6.2 
7.0 
T7.9 


88 


LOGARITHMS. 


i;oinmoii  or  Bvlgrgrs  lAi^rarltbins.    Base  =  10.' 


No. 


5000 

05 
10 
15 
20 
25 
30 
35 
40 
45 

0050 

65 
60 
65 
70 
75 
80 
85 
90 
95 

SlOO 

05 
10 
15 
20 
25 
30 
35 
40 
45 

5160 

65 
60 
65 
70 
75 
80 
85 
90 
95 

0200 

05 

10 
15 
2(1 
25 
30 
35 
40 
45 


Log.  jr 


69897 
940 
9S4 

7002' 
070 

—114 
157 

— 2t)0 

286 

.S29 

•ATI 

415 

458 

—501 

—544 

586 

629 

—672 

714 

757 
—800 

842 
—885 
—927 

969 
71012 

054 

096 
—139 

—181 

—223 

265 

307 

349 

391 

■433 

^75 

-517 

—559 

600 
642 
—684 
725 
767 

-809 
850 

-892 
933 

-975 


No. 


5350 

55 
60 
65 
70 
75 
80 
85 
90 
95 

5300 

05 
10 
15 
20 
25 
30 
35 
40 
45 

5350 

60 
65 
70 
75 
80 
85 
90 
95 

5400 

05 
10 
15 
20 
25 
30 
35 
40 
45 


toy. 


72016 

057 

—099 

—140 

181 

222 

263 

304 

—346 

—387 

—428 

—469 

509 

550 

591 

-632 

—673 

713 

754 

■795 

835 
•876 
916 

—957 
997 

73038 
078 

—119 

—159 
199 

239 
—280 
—320 
—360 

400 
—440 
—480 
—520 
^560 
—600 


5450 

55 
60 
65 
70 
75 
80 
85 
90 
95 


—640 
679 
719 
759 

-799 
838 
878 
-918 
957 
-997 


No. 


5500 

05 
10 
15 
20 
25 
30 
35 
40 
45 

5550 

55 
60 
65 
70 
75 
80 
85 
90 
95 

5600 

05 
10 
15 
20 
25 
30 
35 
40 
45 


I-og. 


74036 

076 

115 

155 

—194 

233 

—273 

—312 

—351 

390 

429 

468 
507 
—547 
—586 
624 
663 
702 
741 
780 

—819 

858 

896 

—935 

—974 

75012 

—051 

089 

-^128 

166 


5700 

05 
10 
15 
20 
25 
30 
35 
40 
45 


5650 

—205 

55 

243 

60 

—282 

65 

—320 

70 

358 

75 

—397 

80 

-^36 

85 

473 

90 

511 

95 

649 

587 

—626 

—664 

■702 

—740 

■778 

815 

853 

891 

929 


No. 


5750 

55 
60 
65 
70 
75 
80 
85 
90 
^5 

5800 

05 
10 
15 
20 
25 
30 
35 
40 
45 

5850 

65 
60 
65 
70 
75 
80 
85 
90 
95 

5900 

05 
10 
15 
20 
25 
30 
35 
40 
45 


Log.Jg     No.      Log.  § 


76005 

042  37 
-080!  38 
-118,  38 

155 1  37 

-193'  ;:iH 


5050 

55 
60 
65 
70 
75 
80 
85 
90 
95 


230 

—268 
305 

■343 

380 

—418 

-^55 

492 

—530 

—567 

604 

641 

678 

—716 
—753 
—790 
—827 
—864 
—901 

938 
—975 
77012 

048 

085 
—122 
■159 
195 
232 
269 
305 
342 
379 
415 


—452 
488 

—525 
661 
597 
634 
670 
706 

—743 

—779 


6000 

05 
10 
15 

20 
25 
30 
35 
40 
45 

6050 

55 
60 
65 
70 
75 
80 
85 
90 
95 

6IOO 

U5 
lt> 
15 

iio 
25 
30 
35 

4(1 
45 


6150 

55 
60 
65 
70 
75 
80 
85 
90 
95 

6»00 

05 
10 
15 
20 
25 
30 
35 
40 
46 


778151 

851 

887 

924 

—960 

-996 

78032 

-068 

—104 

—140 

—176 
211 
247 
283 
319 

-355 
390 
426 
462 
497 

633 

—569 
604 
640 
675 

—711 
746 
781 

—817 
852 


—888 

'923 

958 

993 

79029 

—064 

—099 

-134 

169 

204 

239 

274 
309 
344! 


36 
36 
36 
36 
36 
35 
36 
36 
36 
36 
35 
36 
36 
35 
36 

36 
35 
36 
35 
36 
35 
35 
36 
35 
36 
35 
36 
36 
36 
35 
35 
36 
35 
35 
35 
36 
35 
35 
36 


5!  36 

4j36 
R  34 


6531 


35 


1 

2 
3 
4 
5 
6 
7 
8 
« 
10 


44 

0.9 
1.8 
2.6 
3.5 
4.4 
5.3 
6.2 
7.0 
7.9 


4.7  4.6 
5.5  5.8 

6.2  6.1 

7.0  6.8 

7.8  7.6 


37 

36 

0.7 

0.7 

1.5 

1.4 

2.2 

2.2 

3.0 

2.9 

3.7 

3.6 

4.4 

4.3 

5.2 

5.0 

5,9 

5.8 

6.7 

6.5 

7.4 

7.2 

To  find  Lo;?.  58636 : 
Log.  58650  =  76827 
Log.  58600  =  76790 
Dif.  50  37 
58636  —  58600  =  36 

Under  37 

Dif.  for  10  X  3  =  22.0 

"   '•      6  =  4.4 

"   "    36  =  26.4 

76816 


iS,„i?|,(^^k 


LOOARrrBMS. 


89 


f  #r 


rlgriTB  MM^mviUmim. 


*-M. 


No. 


easa  79588 


Log.|g     Xo. 


55 

60 
65 
70 
75 

80 
85 
90 
95 

6300 

05 
10 
15 
20 
25 


35 
40 
45 

6350 

55 
60 
65 
70 
75 
80 
85 
90 
95 

6400 

05 
10 
16 
20 
25 
30 
35 
40 
45 

6450 

65 


Log    S 


—623 

657 

692 
—727 

761 
—796 
—831 

865 
— 900!  34 

9341  35 
-9691  3^ 

soiml  - 

037!  J^ 

-072!  3o 

106;  ^-i 

140|  34 

175  J] 

243!  :« 

277| ' 
-312  3. 
—346  '^4 


—414 
448 
482 

5501  ;  ] 

-618:  .,, 
-652  :  * 
—686!  •^'* 

■720 
—754! 

787; 

8211 


'^  90 
95 


9221 

—9561 
■990 
60  181023 
eS  1—057 


090, 
—124! 

168! 
—191 

224  :] 

-258 


6500 

05  I -325 1 


r81291 


i  34 


40 
45 

6550 

55 
60 
65 

70 
75 
80 
85 
90 
95 

6600 

05 
10 
15 
20 
25 
30 
35 
40 
45 

6650 

55 
60 
65 
70 

75 
80 
85 
90 
95 

6700 

05 
10 
15 


358 

391 

425 

458 

491 

—525 

—558 

—591 

624 

657 
690 
723 
757 

—790 

•823 

—856 


f^  33 


921 

954 

9871  3.^ 
820201  'U 

— 053i  oa 


33 


—086 

—119 

151 

184 

—217 

249 


282 
—315 

347 

H80 
-413 

445 
—478 

510 

575j  3^ 

607  33 

6721 
—7051 

■7371 


—802, 


No. 


Lof, 


'!a 


6750  82930; 
55  1—963 
60  1—995 
65  183027: 
70  1—059 
75  1—091 
80  1— 123i 
85  1—155 
,  90  —187 
95   -219 


6800 

05 
10 
16 
20 
25 
30 
35 
40 
45 

6850 

65 

60 
65 
70 
75 
80 
85 
90 
95 

6900 

05 
10 
15 
20 
25 
30 
35 
40 
45 

6050 

55 
60 
65 

70 
75 
80 
85 
90 
95 


-2511 

—2831 

—315! 

—347! 

378 

410, 

442' 

— 474I 

—506 

537 

569 1 
—6011 

632 

664' 
—696 

727 1 
—759! 

790' 
—822 1 

853 

— 880I 
916| 
948 1 
979; 

84011 

— 1*42 
073 1 

— IO5I 
136 
167 

198 

230 

—2611 

29i 

323 

:^54i 

—386 

— 117' 

^48' 

—479 


No. 

hog, 
84610 

7000 

05 

—541 

10 

—572 

15 

—603 

20 

-634 

25 

—66.5 

30 

—696 

35 

726 

40 

757 

45 

788 

7050 

-8191 

55 

-850, 

60 

880 

6.5 

911 

70 

-942 

75 

—973 

80 

85003 

85 

—034 

90 

—065 

95 

095 

7100 

—126 

05 

156 

10 

-187 

15 

217 

20 

-248 

25 

278 

30 

—309 

35 

339 

40 

—370 

45 

400 

7150 

— 43l| 

55 

—461 

60 

491 

65 

—522 

70 

—552 

75 

582 

80 

612 

85 

—643 

90 

—673 

95 

703 

7300 

7.%H 

05 

763 

10 

-794 

15 

-824 

20 

—854 

25 

—884 

30 

—914 

35 

-944 

40 

—974 

45 

86004 

7250 

55 
60 
65 
70 
75 
80 
85 
9(» 
95 

7300 

05 
10 
15 
20 
25 
30 
35 
40 
45 

7350 

55 
60 
65 
70 
75 
80 
85 
90 
95 

7400 

05 
10 
15 
20 
25 
30 
35 
40 
45 

7450 

55 
60 
65 
70 
75 
80 
85 
90 
95 


860341  Tn 
-064'  52 
-094  ^? 
—124' 

153 

1831 

213 
—243! 


rar.l  g 


29 


30 
30 
30 


-303   g 
332!  30 

540    .jrt 

-5701  ^ 

599155 

—6291  50 

658 1  gj 
— 688  9Q 

'"   30 

-747   g 

-806  ^ 

886  29 

864  Sa 

-894  g 

928  Oft 

-953  SS 

—982  29 

87011  29 

040  30 

-070  XX 

--099  55 

157   29 
186  ^ 

-216   29 
-245   g 

-303   £J 
332   g 

390  g 
47'    29 


To  find  Lojj.  63023 : 
Log.  63050  =  79969 
Log.  63000  =  79934 
Dif.         50  35 

63023  —  63000  =  33 
Under  35 
Dif.  for  10  X  2  =  14.0 
,**      "  3  =    2.1 

'"      «  23  =  16."! 

Log.  63023  = 

•9934  +  16  =  79950. 


33 

3»  31 

30 

29 

0.7 

0.6  0.6 

0.6 

0.6 

1.3 

1.3  1.2 

1.2 

1.2 

2.0 

1.9  ;  1.9 

1.8 

1.7 

2.6 

2.6  2.5 

2.4 

2.3 

3.3 

3.2  3.1 

3.0 

2.9 

4.0 

3.8  3.7 

3.6 

3.5 

4.6 

4.5  4.3 

4.2 

4.1 

5.3 

5.1  5.0 

4.8 

4.6 

5.9 

5.8  -5.6 

5.4 

5.2 

6.6 

6.4  6.2 

6.0 

^84 

:gB8^6^G00g 


A  clasb  before 
or  after  a  log.  de-. 
notes  that  it'*  true 
value  is  lesx  ihan 
the  tabular  value 
by  less  than  half  a 
unit  in  the  last 
place.  Thus: 
Log.7400  =  S692317 
•'    7405  =  8695261 

ooQle 


^ 


LOQARITHMS. 


ComiiiOB  or  Brivir*  liOffarUlia 


BMe^^JMI. 


Xo. 

7500 

05 
10 
15 
20 
25 
30 
35 
40 
45 

7550 

55 
60 
65 
70 
75 
80 
85 
90 
95 

7600 

05 

10 
15 
20 
25 
30 
35 
40 
45 

7650 

55 
60 
65 
70 
75 
80 
85 
90 
95 

7700 

05 
10 
15 
20 
25 
30 
35 
40 
45 


Log.  s 

535 1  nq 
—5641  il 
-5931  ^l 

-651  ?? 

679 1 

708  [ 

737 
—766 


-795]  2g 

823'  nq 

852  ^l 

-881  nn 

-910  ii 

938  29 

-967  f^ 

-996  iZ 

88024  .^J 

-053  .jjj 

081  OQ 
138  f^ 

195 1  9Q 
2  "4' 

252 1  2« 
-281:;^ 

3091  ^^ 
-338 1 

366| 
-395! 
-423 1 

451 


129 

?|29 

^128 
I  28 

-480  :^ 

-5081  2g 
536  .,0 


5o4  on 
--^"^  28 


—593 
—621 

649 

677 

705 

—734 

—762 

—790 

-818 

846 

874 

902 


No. 

7750 

56 

60 
65 
70 
75 
80 
85 
90 
95 

7800 

05 
10 
15 
20 
25 
30 
35 
40 
45 

7850 

55 
60 
65 
70 
75 
80 
85 
90 
95 

7d00 

05 
10 
15 

20 
25 
30 


Log. 


958 
986 

89014 
042 
070 

—098 
126 

—154 
•182 

209 

237 

265 

—293 

—321 

348 

376 

—404 

—432 

459 

—487 
—515 

542 
—570 

597 

625 
—653 

680 
— 7(>8 

735 

-763 
790 

-818 
845 


—900 
927 
35  —955 


40 

982 

45 

90009 

7950 

—037 

55 

064 

60 

091 

65 

—119 

70 

—146 

75 

173 

80 

200 

8,5 

227 

90 

—255 

95 

—282 

No. 


27 


8000 

05 
10 
15 
20 
25 
30 
35 
40 
45 

8050 

00 
60 
65 
70 
75 
80 
85 
90 
95 

8100 

05 
10 
15 
20 
25 
30 
35 
40 
45 

8150 

55 
60 
65 
70 
75 
80 
85 
90 
95 

8^00 
05 
10 
15 
20 
25 
30 
35 
40 
45 


90309 


390' 
417 
-445 
-472 


Log.  2 


—526 
—553 

—580 

—607 

—634 

660 

687 

714 

741 

768 

—795 

—822 

-849 

875 

902 

—929 

—956 

982 

91009 

—036 

062 

089 

—116 
142 
169 

—196 
222 

—249 
275 

—302 
328 
■355 


381 L, 

—408!  ; 
484 

—461 

487i^ 
—514 
—540 

566 
—593,  t^ 

619!  ' 


No. 


8»50 

56 

60 
65 
70 
75 
80 
85 
90 
95 

8300 

05 
10 
15 
20 
25 
30 
35 
40 
45 

8350 

55 
60 
65 
70 
75 
80 
85 
90 
95 

8400 

06 
10 
15 
20 
25 
30 
35 
40 
45 

8450 

55 
60 
65 
70 
75 
80 
85 
90 
95 


Log. 

91645 
—672 
698 
724 
-751 
777 
803 
829 
855 
—882 

-908 

-934 

960 

986 

92012 

038 

—065 

—091 

—117 

—143 

—169 

—195 

—221 

—247 

—273 

298 

324 

350 

376 

402 

428 
■454 

—480 
505 
531 
•557 

—583 

—609 
634 

—660 

—686 
711 
737 

—763 
788! 

—814' 

— 840! 
865' 

— 89l! 
916' 


No,  Log. 

8500,92942 

05  I  967 
10  I— I 


15 

20 
25 
30 
35 
40 
45 

8550 

55 
60 
65 
70 
75 
80 
85 
90 
95 

8600 

05 
10 
15 


93018 
—044 

069 
—095 

120 
—146 

171 

-197 
222 
247 

—273 
298 
323 

—349 
374 
399 

^25 

—450 
475 
500 

—526 
20  —551 
576 
601 


30 
35 
40 
45 

8650 

55 
60 
65 
70 
75 
80 
85 
90 
95 

8700 

05 
10 
15 
20 
25 
30 
35 
40 
45 


651 

676 

—702 
—727 
—752 
-777 
--802 
—827 
—852 
—877 
—902 
—927 

—952 

—977 1 

94002 

—027 

—052 

—077 

101 

126 

151 

—176 


25 
26 
25 
26 
25 
26 
25 
26 
25 
26 

25 
26 
26 
25 
25 
26 
25 
25 
26 
25 

25' 

25 
26 
25 
25 
25 
25 
25 
25 
26 

25* 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25* 
25 
25 
25 
25 
24 
25 
25 
25 
25 


To  find  Log.  83678 : 
Log.  83700  =  92273 
Log.  83650  =  92247 
Dif.    50     36 
83678  —  83650  =  aS 
Under  36 
Dif.  for  10  X  2  =  10.0 
"   "      8  =  42 
"   "     38  =  14.2 
'.og.  83678  = 

92247  -H  14  =  92261. 


30 

0.6 
1.2 
1.7 
2.3 
2.9 
3.5 
4.1 
4.6 
5.2 
5.8 


24 

0.5 
1.0 
1.4 
1.9 

24 
2.9 
3.4 

3.8 
4.3 

4C83i 


A  dash  before 
or  after  a  log.  de- 
notes that  its  true 
value  is  less  than 
the  tabular  value 
by  less  than  half 
a  unit  in  the  last 
place.  Thus: 
Log.  8325  =  920384^ 
"      8330  =  9206450 

)y  Google 


LOGARITHMS. 


»l 


CommoBor  "Bwiggm  I^oi^arltliiiis.    Base  «■  10. 


No. 


8750 

55 

60 

65 

V     70 

80 
...  85 
..     90 

95 

8800 

05 
10 
15 
20 
■  •  25 
■  30 
35 
40 
45 

8850 

55 

60 

65 

>.    70 

?u.   75 

lit    80 

85 

90 

95 

8900 

05 
--  10 
■»iu  15 
20 
25 
30 
35 
40 
45 

8950 

55 

60 
65 

70 

-  X.    90 
95 


LOK. 


94201 

-226 
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aBOHBTBT. 

GEOMETRl. 

I«tfi««i,  Ftipnres,  Solids,  defined.    Strictly  speaking  a  geometrical  Hue 

ii  simply  length,  or  dintanoe.  The  lines  we  draw  on  paper  hare  not  only  length,  but  breadth  and 
thickness  :  still  they  are  the  moRt  eonvenient  symbol  we  ean  employ  for  denoting  a  geometrioal  Use. 
Straitrlit.  lines  are  also  called  riirht  lines.  A  vertical  line  is  one  that  points 
toward  the  center  of  the  earth;  and  a  liorlBontal  one  is  at  right  angles  to  a 
yert  one.    A  plane  flyiire  is  merely  any  flat  surface  or  area  entirely  enclosed 

by  lines  either  straight  or  curved ;  which  are  called  Its  outline,  boundary,  circumf,  or  penpberr.  We 
often  confound  the  outline  with  the  fig  Itself  as  when  we  speak  of  drawing  circles,  squares,  so ;  for 
we  actually  draw  only  their  outlines.    Geometrically  speaking,  a  flg  has  length  and  breadth  only ;  no 

thickness.    A  solid  is  any  body;  it  has  length,  breadth,  and  thickness. 

Geometrically  similar  figs  or  solids,  are  not  necessarily  of  the  same 
sise ;  but  only  of  precisely  the  same  sliape.    Thus,  any  two  squares  are,  scten- 

tlfloally  speaking,  similar  to  each  other  ;  so  also  any  two  circles,  oabes,  to,  no  matter  hew  different 
ther  may  be  in  size.    When  they  are  not  only  of  the  same  shape,  but  of  the  same  siw,  they  are  satd 

to  be  similar,  and  equal. 

The  quantities  of  lines  are  to  each  other  simply  as  their  lenytlis;  but 

the  quantities,  or  areas,  or  surfaces  of  similar  fiirnres,  are  as,  or  in  proportion 
to,  the  squares  of  any  one  of  the  corresponding  lines  or  sides  which  enclose  the 
figures,  or  which  may  be  drawn  upon  them ;  and  the  quantities,  or  solidities  of 
similar  solids.,  are  as  the  cubes  of  any  of  the  corresponding  lines  which  form 
their  edges,  or  the  flsures  by  whioh  they  are  enclosed. 

Benu—Simple  as  the  following  operations  apiiear,  it  is  only  by  care.  «ind  good  instruments,  tbat 
they  are  made  to  give  accurate  results.  Several  of  them  can  be  much  better  performed  by  means  of  a 
Bietallic  triangle  having  one  perfectly  accurate  right  angle.  In  the  field,  the  tape-line,  ohala,  or  a 
aeaauriag-rod  will  take  the  place  of  the  dividers  and  ruler  used  indoors. 

To  divide  a  fflTen  line,  a  b,  into  two  eqnal  parts. 

From  its  ends  a  and  h  as  centers,  and  with  any  rad  greater  than  one-half  of  a  ft, 

.A  describe  the  arcs  e  and  d,  and  join  e/.    If  the  line  a  &  is  very  long,  first  lay  off 

d        equal  disu  a  o  and  b  g,  each  way  from  the  ends,  so  as  to  approach  conveniently 

near  to  each  other ;  and  then  proceed  as  if  o  ir  were  the  line  to  be  divided.   Or 

a  i  by  a  scale,  and  thas  ascertain  its  eenter. 

To  divide  a  given  line,  tn  n,  into  any 
ItriTen  number  of  equal  parts. 

From  m  and  n  draw  any  two  paralld  lines  m  o  and  n  a, 
to  an  indefinite  dist ;  and  on  them,  fh>m«n  and  n  step  off  the 


reqd  number  of  equal  parts  of  any  oonvenient  length :  final' 
Iy,Join  the  oorresponding  points  thus  stepped  off.  Or  only 
one  line,  as  mo,  may  be  drawn  and  stepped  off,  as  to  •; 
then  Join  «  n ;  and  draw  the  other  short  lines  parallel  to  it. 

To  divide  a  friven  line,  tn  n,  into  two  parts  wfiicli  sliAll  liavo 
a  ffiTen  proportion  to  each  other. 

This  is  dow  on  the  same  principle  as  the  last ;  thus,  let  the  proportioo  be  as  I  to  S.    Fint  draw 

any  line  tn  o ;  and  with  any  convenient  opening  of  the  dividers,  make  m  x  equal  tn  one  step ;  and  a  • 
equal  to  three  steps.    Join  «  n :  and  parallel  to  it  draw  z  e.    Then  m  c  is  to  e  n  aa  1  is  to  8. 

AJlGIsSSe 

Angles.    When  two  straight,  or  right  lines  meet  each  other  at  any  Inclina- 
.-  *i.^  *.»-i»__i.i_-  *       ii_j  __  _  ^  .  "  by  the  degrees  con- 

Sinoe  all  circles,  whether 

_  ...     „ , ^y  number  of  degi 

•mall  circle  will  measure  the  same  degree  of  inclination  as  will  the  same  number  of  a  large  a.,. 
When  two  ntraight  lines,  as  o  n  and  a  h,  meet  in  such  a  manner  that  the  inclination  onaia  equal 

to  the  inclination  o  » 6,  then  the  two  lines  are  said  to  be  .g 

perpendicular  to  each  other ;  and  the  angles  on  a  and  JjL 

0  n  &,  are  called  riipht  angles ;  and  are  each  measd  by,  or     «_/_L\r       yC 

are  equal  to,  90O,  or  one-fourth  part  of  the  circumf  of  a  circle.    Any  angle,  V    n   /"''     • 

as  c  «  d,  smaller  than  a  right  angle,  is  called  acute  or  sharp ;  Vliy/  / — ^ 
and  one  o  ef,  larger  than  a  right  angle,  is  called  obtuse,  or  "     c 

blunt.  When  one  line  meets  another,  as  in  the  first  Fig  on  opposite  page,  the  two  angles  on  the 
same  side  of  either  line  are  called  contlgi-uous,  or  adjacent.    Tlius,  vtt  $  and 

*w  w  are  adjacent;  also  tus  and  tuw ;  tut  and«uv;  wutand  louv.  The  sum  of  two  adjacent 
angles  is  always  equal  to  two  right  angles;  or  to  IbfP.  Therefore,  if  we  know  the  number  of  de- 
grees contained  in  one  of  them,  and  subtract  it  from  180°,  we  obtain  the  other. 


tion,  the  inclination  is  called  an  anffrfe;  and  is  measured  by  the  degrees  con 

talned  in  the  arc  of  a  circle  described  fh>m  the  point  of  meeting  as  a  center.    Sinoe  all  circles,  whetbei 
lu^g«  or  small,  are  supposed  to  be  divided  Into  3S0  degrees,  it  follows  thai  any  number  of  degrees  of  a 
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When  two  straight  lines  erom  eMh  other,  forming  foor 

V   anglee,  either  pair  of  thoee  angles  which  point  in  exactif 

oppoeite  directions  are  called  opposite,  or  Tertieal 

angles  $  thus,  tha  pair  « it  <  and  v  m  m  are  opposite  an- 

^  g^ee;  also  the  pair  buv  and  I u %».    Hie  opposite  an(j^es 

^  of  any  pair  are  always  equal  to  each  other. 

When  a  straight  line  a  h  crosses  two  parallel  lines  e  <{, 
«/,  the  alternate  angles  which  form  a  kind  of  Z  are 
equal  to  each  other.  Thus,  the  angles  ion  and  o%f  are 
equal :  as  are  also  con  and  o%:  Also  the  sum  of  tiie 
two  internal  angles  on  the  same  side  of  a  &,  is  equal  to  two 
light  angles,  or  180°;  thus,  o  o  «  +  o  «/»  180°;  also 
«loi»  +  oi»««3>  180°. 

An  Interior  ancle. 

In  aoy  flg,  !■  any  angle  rormed  Imaid*  ot  that  fig,  by  the  meet- 
ing of  two  of  iu  cidet.  aa  the  anglea  eab,  abe,bea,  of  taia 
triangle.  All  the  interior  anglee  of  any  •traiffht-Uaed  flgnre  of 
any  mniber  of  ddee  whaMver,  an  ta|ethw  e^nal  totwii*  aa 


Xy  right  anglea  minas  fear,  as  the  Ignre  hae  iidee.  ThSs.  a 
igle  has  3  sidea ;  twioe  that  namber  is  6 ;  and  6  right  anglea, 
or  6  X  90°  =540° ;  (h>ni  whioh  take  4  right  anglee,  or  8«0o ;  and 
there  reaiaiB  18(P,  whleh  la  the  nnaiber  of  degreee  in  every 
plane,  or  •traight-lined  trtaoi^  Thia  prlnolH*  fhmiehee  A 
easy  mean*  of  testing  our  meainremeote  of  the  anglea  of  any 
flg:  for  if  the  earn  of  all  oar  measnremente  doee  noi  agree  with 
by  the  mle,  It  to  a  proof  that  we  have  oommitted  eome  error. 

An  exterior  anirle 

Of  any  8tralght*Uned  flgnre,  is  any  angle,  tmabd,  formed  by  the  meeting  of 
any  etde,  as  a  ft,  with  the  proloogation  of  an  adjaoent  side,  as  c  6 ;  so  likewiee 
the  angles  cat  and  b  e  w.  All  the  exterior  angles  of  any  atraight-lined  flg. 
no  matter  how  many  sidea  it  may  hare,  amount  to  860° ;  but,  in  the  case  of 
a  re'entering  angle,  as  glj,  the  Interior  angle,  gij,  exeeeds  ISQO,  and  the 
*'  exterior  "  angle,  giat,  betog  s  180°  —  interior  angle,  is  negative.  Thus 
oftd-fftcw  +  cossa  8flC^;  and  y  A/ +  «i<  —  y  <«+  igw  =  mp. 
Angles,  as  a,  b,  e,  g,  A,  and^,  which  point  outtoardf  are  oalled  Mlienta 


anjr  friiren  point,  p,  on  a  line  #  it 
to  draw  a  perp,  p  a. 

From  p,  with  any  oonTonient  opening  of  the  dlTlders,  step  off  the 
•<|aato|>o,j»f.  From  o  and  g  as  centers,  with  any  opening  greater 
than  half  e  g,  deeeribe  the  two  short  area  h  and  e;  and  Join  «  j^ 
Or  still  better,  detorlbe  four  aros,  and  Join  •  y. 

Or  fk*om  p  with  any  convenient  scale  describe  two 

short  area  g  and  e  either  one  of  them  with  a  radios  9,  and  the  other 
witharadi.    Thentromy withradSdesoribethearci.    Joinj>a. 


If  tlie  point  p  is  at  one  end  of  tiie  line* 
or  very  near  it, 

■Hwit  llM  llM,  if  poeaUtle,  and  proceed  as  abore.  Bnt  if  this 
•aaaet  be  done,  then  ftom  any  oooTenient  point,  w,  open  the  dlvid' 
fn  top,  and  deeeribe  the  seinicircle,  mj^  o;  thronich  o  w  draw  o  w 
«;  Joinp  «. 

Or  nse  tiie  last  foregroiniT  process  with 

rads  S,  4,  and  5. 


From  a  ^wen  point,  o,  to  let  Csll  a 
perp  o  «9  to  a  sriven  line,  m  n. 

From  o,  measure  to  the  line  m  n,  any  two  equal  dlits,  o  e, 
e  e ;  and  f^m  e  and  e  as  centers,  with  any  opening  greater 

than  half  of  e  e,  ** ••---•—- -•     ••  -- 

from  any  point,  t  .    .       ,  . 

deeeribe  the  are ep;  make  I s equal  to  <  e ;  and  Join  OOR. 


6^ 


the  two  ares  a  and  b ;  join  ot.    Or 
«I  on  the  line,  open  the  diTiders  to  o,  and 
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COOOIUDTRT. 


If  the  line,  ah,impn  tlie  groimd, 

And  a  perp  li  reqd  to  b«  drawn  from  e,  first  moMure  off  any  two 
•qoal  dUu,  em,  en.  At  m  and  n,  hold  the  ends  of  a  piaoe  of  itring, 
tape-Une,  or  ohain.  m  «  n ;  Ui«n  tighten  oat  the  strinf ,  Ac,  as  shown 

Sm  •  n ;  «  being  its  oeotor.  Then  will  «  c  be  the  reqd  perp.  Or  if 
s  perp  z  jr  is  to  be  drawn  f^m  the  end  of  the  line  «0  s,  first  measure  x  y 
npon  the  line,  and  equal  to  three  feet;  then  holding  the  end  of  a  tape- 
Une  at «.  and  its  nine  feet  mark  at  y.  hold  the  foor  feet  mark  at  jr,  keep- 
ing jr  «  and  a  y  eqoal]  j  stretched.  Then  «  »  will  be  the  reqd  perp.  because 
8, 4,  and  5,  make  the  sides  of  a  right-angled  triangle.  Instead  of  8,  i,  and 
6,  any  mnltiples  of  those  numbers  may  be  used,  such  as  6.  8,  and  10 ;  or 
9, 12, 15,  ko :  also  Instead  of  feet,  we  may  xm  yards,  ehalns,  *e. 


Tliironfcli  a  ipiveii  point,  a,  to  draw  m 
line,  a  e,  parallel  to  anotlier  line. 

«/. 

With  the  perp  dist.  •  e,  fh>m  any  point,  N,  In  •/,  deeorib* 
an  aro,  (;  draw  a  o  Just  touching  the  are. 


At  any  point,  a,  in  a  line  a  5. 
to  make  an  anyle  cab,  eqnal 
to  a  ipiven  angrle,  mno. 

From  nand  a,  with  any  convenient  rad.  deserlba 
9ie  arcs  tt.de;  measure  <  t,  and  make  •  d  eqval 
lo  it;  through  a  d  draw  a  c. 


-p^^ 


.^ 


To  biseet,  or  divide  any  Wkngke^wooy, Into 
two  eqnal  parte. 

From  m  set  off  any  two  equal  disU,  «e  r.  v  s.  From  r  and  s  with  any  rad 
describe  two  are*  intersecting,  as  at  o ;  and  Join  o  a.  If  the  two  sides  of 
the  angle  do  not  m«et,  as  e  /  and  g  h,  etther  first  extend  fhem  «nttl  ttiey 
do  meet ;  or  else  draw  lines  «  w,  and  ay,  parallel  to  them,  and  at  eqoal 
disU  froB  then,  to  as  to  meet;  then  prooeed  as  before. 


All  angles.  a8nam,«om.afcthe  olreamf  of  a  MmtelMle,  ud  itanA 
iBf  on  iu  dlam  n  m,  are  right  angles:  or,  as  it  is  usually  expresMd, 

im    all  auirl«<i  In  a  semicircle  are  rlirht  anflrles* 

'   *     An  angle  n  •  x  at  the  centre  of  a  circle,  is  twioe  as  great  as  an  angle  % 
m  X  at  the  oiroumf ,  when  both  stand  npon  the  same  aro  n  s. 


AU  angles,  as  y  li  p.  y  «  p,  y  p  p.  at  the  e!r«amf  oT  a  oirelt.  uiA  jlaailDji 
upon  the  same  arc,  as  yp,  are  equal  to  each  other ;  or,  as  nsoally  expreaMd, 

.e   all  angles  in  tne  same  seirm^nt  of  a  circle  are 
eqnal. 

/^  The  eoBipleaieBt  of  an  angle  is  what  It  lacks  of  W*.  Thus,  the  oom* 
y  plement  of  800  is  900  —  800  =  100;  and  that  of  SlOO  is  90O  —  SlOO  =  —  ISOO. 
The  SBM^CBiCBt  of  an  angle  is  what  it  lacks  of  ISQO.  Thus,  the  supple* 
ment  ofgoo  U  ISO©  —  80O  =  looo ;  and  that  of  210O  is  180©  _  aioo  =  —  iSR. 
But  ordinarily  we  may  neglect  the  signs  -4-  and  •-.  before  complements  and 
supplements,  and  call  the  complement  of  an  angle  its  dif  from  ¥P  *  and 
the  supplement  iU  dijf  from  180O. 
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Jkmsttm  In  n  JPaMUncMffflnni. 

A  pemUfllflgmm  it  m^  fcMir^dded  •tralgbt'Itned  fig- 
ure whose  opposite  sides  axe  equal,  as  a  (>  e  d ;  or  a 
square,  &c.  Any  line  drawn  across  a  parallelogram 
between  2  opposite  angles,  is  called  a  diagonal,  as  a  c, 
or  6  d.  A  diag  diTides  a  paraUelogram  iototwo  equal 
parts ;  as  does  also  any  Une  m  n  drawn  through  tfae 
centei*  of  either  diag;  and  moreover,  the  Uoe  ran 
itself  is  div  into  two  equal  parts  by  the  diag.  Two 
diags  bisect  each  other ;  they  also  divide  the  pazallel- 
ogram  into  four  triangles  of  equal  areas.  The  «um 
•f  the  two  angles  at  the  ends  of  any  one  side  is  n  iSiP ;  thus,  dab+ahe  =  abo-{' 
bed—  180°;    and  the  sum  of  the  four  angles,  dab^ab  c^b  o  dyCda^  300°. 

The  simx  of  the  squares  of  the  four  sides,  is  equal  to  the  sum  oi  the  squared  of  the 
two  diags. 


To  reduce  Minutes  and  Seconds  to  Dei^rees  and  decimals 
of  a  Uei^ree,  ete. 

In  any  given  angle — 
BTumber  of  deiprees 


=  Number  of  minutes  -i-  60. 
=  Number  of  seconds  h-  3t)00. 


If  umber  of  minutes  =>  Number  of  degrees  X  60. 
=  Number  of  seconds  -i-  60. 

Number  of  seconds  »  Number  of  degrees  X  3600. 
n  Number  of  minutes  X  60. 


Table  of  Minuves  and  Seconds  in  Ifeecinials  of  a  Deirree^ 
and  of  Seconds  in  Decimals  of  a  Minute. 

(The  columns  of  Mins  and  Degs  answer  0quaJly  for  Sees  and  Mios.) 


Mins.  Deg.     Mins.  Deg.      Mius.  Deg. 


Sees.    Deg.      Sees.    Deg.  Sees.    Deg. 


See 

«■  below : 

1  0.016 

21  0.350 

41 

0.683 

1 

0.00027 

21 

0.(K)583 

41 

0.01188 

2  0.033 

22  0.366 

42 

0.700 

2 

0.00055 

22 

0.00611 

42 

0.01166 

3  0.050 

23  0.383 

43 

0.716 

3 

0.00083 

23 

0.00638 

43 

0.01194 

4  0.066 

24  0.400 

44 

0.733 

4 

0.00111 

24 

0.0U666 

44 

0.01222 

5  0.083 

25  0.416 

45 

0.750 

5 

0.00138 

25 

0.00694 

45 

0.01250 

6  0.100 

26  0.433 

46 

0.766 

6 

0.00166 

26 

0.00722 

46 

0.01277 

7  0.116 

27  0.450 

47 

0.783 

7 

0.00194 

27 

0.00750 

47 

0.01305 

8  0.133 

•  28  0.466 

48 

0.800 

8 

0.00222 

28 

0.00777 

48 

0.01333 

9  0.150 

29  0.483 

49 

0.816 

9 

0.00250 

29 

0.00805 

49 

0.01361 

10  0.166 

30  0.500 

50 

a838 

10 

0.00277 

30 

0.00833 

50 

0.01388 

11  0.183 

31  0.516 

51 

0.850 

11 

0.00305 

31 

0.00861 

51 

0.01416 

12  0.200 

32  0.583 

52 

0.866 

12 

0.00333 

32 

0.00888 

52 

0.01444 

13  0.216 

33  0.550 

53 

0.883 

13 

0.00361 

33 

0.00916 

53 

0.01472 

14  0.233 

34  0.566 

54 

0.900 

14 

0.00388 

34 

0.00944 

54 

0.01500 

15  0.250 

35  0.583 

5.=) 

0.916 

15 

0.00416 

35 

0.00972 

55 

0.01527 

16  0.266 

36  0.600 

56 

0.933 

16 

0.00444 

36 

0.01000 

56 

0.01555 

17  0.283 

37  0.616 

57 

0.950 

17 

0.00472 

37 

0.01027 

57 

0.01583 

18  0.300 

38  0.633 

58 

0.966 

18 

0.00500 

38 

0.01055 

58 

0.01611 

19  0.316 

39  0.650 

59 

a983 

19 

0.00527 

39 

0.01083 

59 

0.01638 

20  0.833 

40  0.666 

60 

1.000 

20 

0.00555 

40 

0.01111 . 

60 

0.01666 

3ec«.  Min. 

Sees,  Min. 

Sees 

M!n. 

Sees 

.  Deg. 

Sees.  Deg. 

Sees.  Deg. 

*  Each  equivalent  is  a  repeating  decimal,  thus : 
2  minutes  =  0.0333333  ....  degree 
7        "        =0.1166666  ....       " 
12        "        =0.2000000  ....        " 


12  seconds  =  0.2000000  ....  minute 
1  saoond  =»  0.0002777  ....  degree 
50  seconds  =  0.0138888  ....       " 
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Approximate  lieaaurem^it  of  Angles. 

(1)  The  foar  flBjrera  of  tlie  lif»nd,  held  at  right  angles  to  tlie  arm  and 
at  arm's  length  from  the  eye,  corer  about  7  degrees.  And  an  angle  of  7°  corre- 
sponds to  about  12.2  feet  in  100  feet ;  or  to  36.6  feet  in  100  yards ;  or  to  646  feet  in  a 
mile. 

(2)  By  means  of  a  two-r<M>t  rule,  either  on  a  drawing  or  between  dis- 
tant objects  in  the  field.  If  the  inner  edges  of  a  common  two-foot  rule  be  opened 
to  the  extent  shown  in  the  column  of  inches,  they  will  be  inclined  to  each  other 
at  the  angles  shown  in  the  column  of  angles.  Since  an  opening  of  ^  inch  (up 
to  19  inches  or  about  lOS*')  corresponds  to  from  about  ^  to  1°,  no  great  accuracy 
is  to  be  expected,  and  beyond  105<^  still  less ;  for  the  liability  to  error  then  in- 
creases very  rapidly  as  the  opening  becomes  greater.  Thus,  the  last  14  inch  cor- 
respondif  to  about  12®. 

Angles  for  t)pening8  intermediate  of  those  given  may  be  calculated  to  the 
nearest  minute  or  two,  by  simple  proportion,  up  to  28  inches  of  opening,  or 
about  M7<».  i-     i-    *-  «-  1-8. 

Table  of  Ani^les  corresponding:  to  openings  of  a  2-foot  rule. 

(Original). 

C«rreei. 


IBM. 

Dnmin. 

In>. 

D«ff.mia 

Ini. 

Deg.min. 

Ini. 

Deg.inln. 

tn.. 

Deg.min. 

Ini. 

Deg.  mln. 

H 

1  13 

90  84 

8M 

40  IS 

12^ 

61  23 

\%yi 

85  14 

»H 

116  6 

1  48 

21 

40  61 

63  6 

86  8 

U6  U 

H 

t    24 

H 

81  87 

H 

41  29 

H 

63  47 

H 

86  52 

H 

IIT  10 

t  00 

22  18 

42  7 

63  18 

87  41 

118  80 

H 

t  86 

H 

»  60 

H 

43  46 

H 

64  11 

H 

88  81 

H 

119  48 

4  11 

88  37 

48  34 

64  68 

89  31 

110  81 

1 

4  4T 

6 

84  8 

9 

44  8 

18 

66  86 

17 

90  12 

21 

122  0 

6  18 

84  88 

44  43 

66  18 

91  8 

128  30 

M 

6  68 

H 

96  16 

H 

46  21 

H 

67  1 

H 

91  64 

M 

124  ia 

6  84 

25  5S 

45  59 

67  44 

92  46 

125  64 

M 

T  10 

H 

96  80 

H 

46  88 

H 

68  18 

H 

98  88 

H 

lit  14 

7  48 

27  7 

47  17 

69  13 

94  31 

128  85 

H 

8  22 

H 

n    44 

H 

47  66 

H 

69  66 

H 

96  14 

H 

129  59 

8  58 

38  21 

48  85 

70  88 

96  17 

181  25 

t 

•  84 

6 

28  68 

10 

49  16 

14 

71  11 

18 

•7  11 

21 

181  IS 

10  10 

29  85 

49  64 

72  6 

98  6 

184  34 

M 

10  46 

M 

80  11 

}i 

60  84 

M 

73  61 

H 

99  00 

H 

135  58 
187  85 

11  23 

80  49 

61  18 

78  86 

99  86 

H 

11  68 

H 

81  26 

H 

61  68 

M 

74  11 

H 

100  61 

H 

139  M 

12  84 

83  8 

62  88 

76  6 

101  48 

141  1 

H 

18  10 

H 

82  40 

H 

68  18 

H 

75  81 

H 

101  46 

H 

142  61 

18  46 

88  17 

58  69 

76  86 

lOif  48 

144  46 

t 

14  » 

1 

88  64 

11 

64  84 

15 

77  12 

19 

104  41 

28 

146  48 

14  68 

84  83 

56  14 

78  8 

106  40 

148  SB 

M 

15  84 

H 

86  10 

a 

55  65 

H 

78  64 

H 

106  89 

H 

151  IT 

16  10 

85  47 

56  85 

79  40 

107  40 

153  41 

H 

16  46 

H 

86  16 

H 

67  16 

H 

80  27 

H 

108  41 

H 

156  81 

17  22 

87  8 

57  67 

81  14 

109  48 

159  41 

H 

17  58 

H 

87  41 

H 

68  88 

H 

82  8 

H 

UO  46 

H 

168  3T 

18  85 

88  19 

59  19 

83  49 

HI  49 

168  18 

4 

19  13 
19  48 

' 

SS 

13 

60  00 
60  41 

16 

83  37 

84  16 

20 

113  68 
118  66 

24 

180  00 

(3)  Wltli  tlie  same  table^  aslngr  feet  Instead  of  Indies.  From 
the  given  point  measure  12/eet  toward  *  each  object,  and  place  marks.  Measure 
the  distance  in  feet  between  these  marks.  Suppose  the  first  column  in  the  table  to 
be  feet  instead  of  inches.    Then  opposite  the  distance  in  feet  will  be  the  angle. 


lin.   «.083ft. 

2  ins.  -  .167  ft. 

3  Ins.  —  .25  ft. 


^  foot  =  1 J5  inches. 

4  ins.  =  .333  ft.  I  7  ins.  =  .683  ft. 

5  ins.  =  .416  ft.     8  ins.  =  .667  ft. 

6  ins.  -  .5  ft.         9  ins.  —  .76  ft.    I 


10  ins.  -»    .883  ft 

11  ins.  =-    .917  ft. 

12  ins.  =  1.0  ft. 


(4)  Or,  measure  toward  *  eacli  object  100  or  any  other  number  of 
feet,  and  place  marks.    Measure  the  distance  in  feet  between  the  marks.    Then 

Sine  of  haif half  the  distance  between  the  marks 

the  angle    ~  the  distance  measured  toward  one  of  the  objects' 

Bind  this  sine  in  the  table  pp.  98,  etc. ;  take  out  the  corresponding  angle  and 
multiply  it  by  2 

(5)  See  last  paragraph  of  foot-note,  pp.  152  and  168. 


•  If  it  Is  InoonTenlent  to  mMMure  toward  the  ottfeots,  i 
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Sines,  Tnnsente,  Ae. 

Bine*  a  *,  of  anj  angle,  a  e  ft,  or  which  is  tb«  same  thing,  the  sin*  of  aof  otrenlar  aro,  a  b. 
/rhloh  subtenda  or  measures  the  angle.  In  a  straight  line  drawn  from  one  end,  as  a,  of  the  arc,  at  right 
angles  to,  and  terminating  at,  the  rad  e  6.  drawn  to  the  other  end  b  of  the  arc.  It  1^.  therefore,  eqnal 
to  half  the  chord  a  n,  of  the  arc  abn,  which  is  eqnal  to  twice  the  arc  a 6 ;  or,  the  sine  Of  an  angle  is 
•Iwava  eqaal  to  half  the  ohord  of  twloe  that  angle ;  and  rloe  Tersa,  the  ehord  of  an  angle  is  alwayt 
•anal  to  twice  the  sine  of  half  the  angle. 
f  he  sine  (  e  of  an  angle  (  e  b,  or  of  an  aro 
f  a  6,  of  90°.  is  eqnal  to  the  rad  of  the  aro 
DT  or  the  circle ;  and  this  sine  of  »0°  is 
jreofter  than  that  of  any  other  angle. 

Cosine  0  <  of  an  angle  acb, 

is  that  part  of  the  rad  which  lies  between 
the  sine  and  the  center  of  the  circle.  It 
is  alwajs  equal  to  the  sine  y  a  of  the 
oomplement  (  c  a  of  a  c  6 ;  or  of  what  a 
e  b  wants  o^  being  90°.  The  prefix  co  be- 
fore sines,  Ao,  nieaas  oomplemeut ;  thus, 
cosine  means  sine  of  the  oomplement. 

Tersed  sine  *  6  of  any  angle 

a  c  6,  Is  Uiat  part  of  the  diam  which  nes 
between  the  sine,  and  the  outer  end  b. 
It  is  rerj  common,  but  erroneous,  when 
speaking  of  bridges,  Ao,  to  call  the  rise 
or  height  •  6  of  a  oiroular  areb  a  6  n,  its 
rersed  sine;  while  it  is  actuall  v  the  Tersed 
line  of  onlj  half  the  arch.  This  absurdity 
should  cease ;  for  the  word  rise  or  height 
is  not  only  more  expre88lve,but  is  correct. 

Tftnipeu  tbworad,  of  any  angle 

a  e  6.  is  a  line  drawn  from,  and  at  right 
angles  to,  the  end  6  or  a  of  either  rad  c  b, 
or  c  a,  which  forms  one  of  the  legs  of  the 
angle ;  and  terminating  as  ni  tv.  or  d,  in 
ihe  prolongation  of  the  rad  which  forms 
the  other  leg.  This  last  rad  thus  pro- 
longed, that  is,  e  w,  or  c  d,  as  the  case  may 

be,  is  the  Beeant  of  the  angle 
•  eft.    The  angle  (eft  being  supposed 

5  SiSl"i!o  f^.lSfiKiti'tf'*'*  *  *,*? K.  "*',  **••  oomplement  of  the  angle  a  e  ft,  or  what  «  e  ft  wants 
of  being  90O I  and  the  sine  y  o  of  this  complement ;  its  versed  sine  f  y ;  Fts  tangent  f  o ;  and  its  seoa^ 
CO,  are  respectiirely  the  co- sine,  oc  versed  sine)  co-tangent:  and  co'secant,  of  the  aigSa  c  ft.    oJ. 

^Tn^Win^^VJ"^'  WK  *  *.;,'"  ^^'^  r ''^*'  *"'  •*;"'»•  '^*"-«  'be  kngle  a  c  ft  liTthe  im^ 
ment  of  the  angle  te  a.    When  the  rad  c  ft,  e  o,  or  c  «,  is  assumed  to  be  equal  to  unity,  or  1.  the  cor^ 

I^^^fdl^^Jn^t'^H**"*'.^?*''?*?"!^  **•*"'•'!'  """Jaod  their  .eve?al  lengths  fir  diffang^S 
for  sa  d  rad  of  unity,  have  been  calculated ;  constituting  the  well-knowu  tables  of  nat  sines  Ao  In 
any  circle  whose  rad  is  either  larger  or  smaller  than  ?,  the  sines,  Ac,  of  the  angles  will  beli  the 

!f„'S*  ir?l^»ht".lt^f  K*""  !?i*^'"  "»*"  'b*'^  '"  "»«  '•b»~»  •»<»  "«  consequently  found  by  mult  th« 
sine,  so,  of  the  uble,  by  said  larger  or  smaller  rad.  »  »»/ «.ui»  mo 

Tbe  following  table  of  natural  sines.  Ac.  does  not  contain  nal 
Teraed  sines,  co- versed  sines,  secants,  nor  cosecants,  but  these  may  be  found  that: 
for  any  angle  not  exceeding  00  degrees. 

r«r$ea  Sine.    Prom  1  take  the  nat  ooeine. 
Co-versed  Sine.    From  1  take  the  nat  sin& 
Seeant.    Divide  1  by  the  nat  oosine.' 
<Tr»«*ra«t.    Divide  1  by  the  nat  sine. 

thf  JT.iS?'?!^^^****'^  ^  '  *2  ^*  ***•  ■*"••  «»lne'  tangent,  ootang,  seoant,  or  ooseo,  (but  no| 
al  IV^.  iViL?  vS2i"'*'!ffii?'^v'^J  '•»•  "«'«  ^""^  ^^ ''  *'  ^^^^^  1800  and  370°  take  fsoo  f^oS 
ri«-^.1i  *'.**'  '"^  *?**  ^^.'  **''•  *»"  ■■»«*•  '«""  860°.  Then  in  each  ease  take  ffrom  the  table  the 
sine,  oostne,  tang,  or  ootang  of  the  remainder.  Find  its  secant  or  ooseo  as  directed  above,  /br  tk^ 
2SSL'S:iil'*:^r  ?^  n**  ''^^'  '^'^  «^i5?  to  I ,.  if  bet  270°  and  aaoSf  iiTiJS;.  fSn  I.  A 
engineer  seldom  needs  sines,  Ae,  ezoeeding  I8O0. 

To  find  the  nat  sine,  eoslne,  tanr,  secant,  versed  sine,  Ae, 
or  an  anffle  containing  seconds.    First  find  that  duo  to  the  given  dS 

and  mln  ;  then  the  next  greater  one.     Take  thair  diff.    Then  as  60  koc  are  to  this  dlff,  so  are  the  sm 

?J^]I  pf  t*ie  gl^en  angle  to  a  dec  quantity  to  be  added  to  the  one  first  taken  out 
II  it  is  a  sine,  tang,  secant,  Ac ;  or  to  be  subtracted  from  it  if  it  is  a  cosine, 
ootang,  cosecant,  Ac.  ^ 

Tbe  tangents  In  the  table  are  strict  trigrononietrical  ones;  that  is, 
tangents  to  given  angles ;  and  which  ninst  extend  to  meet  the  secants  of  the  angles 
to  which  they  belong.  Ortllnary,  or  MTeometrical  tansrents,  as  those  on 
p  162,  may  extend  as  far  as  we  please.  In  the  field  practice  of  railroad 
cnrves.  two  trigonometrical  tangents  terminate  where  they  meet  each  other. 
Sach  of  these  tangs  is  tbe  tang  of  ha^f  the  curve.  It  is  usually,  but  improperly, 
called  "the  tang  of  the  curve,*  "Apex  dist  of  the  curve,"  as  sueffested  by  Mr 
Shunk,  would  be  better. 
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The  iaiMc  •fgfcftrdg^  bek>w,  ftirnIe1iMth«inMn«Qfl»yiDg  (town  angles  on 
paper  more  accurately  than  by  an  ordinary  protractor.  To  do  this,  after  having  drawn 
and  measured  the  flntt  side  (say  a  c)  of  tlie  figure  that  is 

to  be  plotted;  from  its  end  c  as  a  center,  describe  an  arc     ^      n a 

ny  of  A  circle  of  sufficient  extent  to  subtend  the  angle  at 
that  point.  The  rad  en  with  which  the  arc  is  described 
should  be  as  great  as  convenience  will  permit ;  and  it  is  to 
be  assumed  as  unity  or  I ;  and  must  be  decimally  divided, 
and  subdivided,  to  be  used  as  a  scale  for  laying  down  the 
^ords  UUcen  from  the  table,  in  which  their  lengths  are 
given  in  parts  of  said  rad  1.  Having  described  the  arc,  find 
m  the  table  the  length  of  the  chord  fi  t  correepondina:  to 
the  angle  act.  Let  us  suppose  this  angle  to  be  4b°;  then 
we  find  that  the  tabular  chord  is  .7654  of  our  rad  1.  There- 
fore fiom  n  we  lay  off  the  chord  n<,  equal  to  .7654  of  our  radius-scale ;  and  the  lint 
a  drawn  through  the  point  t  will  form  the  reqd  angle  act  of  45P.  And  so  at  each 
angle.  The  degree  of  accuracy  attained  will  evidently  depend  on  the  length  of  the 
rad,  and  the  neatness  of  the  drafting.  The  method  becomes  preferable  to  the  com- 
mon protractor  in  proportion  as  the  lengths  of  the  sides  of  the  angles  exceed  the  rad 
of  the  protractor.  With  a  protractor  of  4  to  6  ins  rad,  and  with  sides  of  angles  not 
much  exceeding  the  same  limits,  the  protractor  will  usually  be  preferable.  The  di- 
viders in  boxes  of  instruments  are  rarely  fit  for  accurate  arcs  of  more  than  about  6 
ins  diam.  In  practice  it  is  not  necessary  to  actually  describe  the  whole  arc,  but 
merely  the  portion  near  t,  as  well  as  can  be  judged  by  eye.  We  thus  avoid  much  use 
of  the  India-rubber,  and  dulling  of  the  pencil-point.  For  larger  radii  we  may  dis- 
pense with  the  dividers,  and  use  a  straight  strip  of  paper  with  the  length  of  the  rad 
marked  on  one  edge ;  and  by  laying  it  from  c  toward  «,  and  at  the  same  time  placing 
another  strip  (wiui  one  e<^  divided  to  a  radius-scale)  from  n  toward  ^,  we  can 
by  trial  find  their  exact  point  of  intersection  at  the  required  point  t.  In  such  mat- 
ters, practice  and  some  ingenuity  are  very  essential  to  satisfietctory  results.  We  can' 
not  devote  more  space  to  uie  subject. 
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POLTQON8. 


0     h 


Pentacm. 

btUUt. 

1b7  ■mif  hi*sld«d  flf  is  Mlled  a  pol/gon.    If  all  ta«  sIAm  and  angles  ars  eqaal,  U  Is  a 
pslygan ;  if  not,  it  is  lrres«lar«    Of  coorss  the  number  of  polygons  is  infinite. 


Table  of  Be^nlar  Pol  jgons. 

Komber 

of 
Sides. 

Name 

of 

Polygon. 

Area  = 

(Bquare  of  one 
side)  mult  by 

Kadlus  or  cir- 

cumtiCribtDg 

circle  =  aide 

malt  by 

Interior  ancle 

a  b  ccooiaiued 

between  two 

aides. 

AniEle  mt  oen« 

subtended 
by  a  side. 

5 
6 
7 
8 
9 
10 
11 
12 

Equilateral 
triangle. 
Square. 
Pentagon. 
Hexago-n. 
Heptagon. 
Octagon. 
Nonagon. 
Decagon. 
Undecagon. 
Dodecagon. 

}      .433013 

1.000000 
1.720477 
2-598076 
3.633912 
4.828427 
6.181824 
7.694209 
9.365640 
11.196152 

.577350 

.707107 
.850651 
1.000000 
1.152382 
1.306.563 
1.461902 
1.618034 
,  1.774733 
1.931854 

60° 

90° 

108° 

120° 
1280  34.2857' 

135° 

140° 

144° 
147°  16.3636' 

150° 

120° 

90° 

72° 

60° 
61°  25.n4S 

45° 

40° 

36° 
32°  43.6364' 

30° 

▲re»  of  say  recalar  polysoa  =  length  of  one  side,  a  (  X  p«rp  p  drawn  fjrom  een  of  fig  ^ 
sen  of  side  X  half  tbie  nomoer  or  sides. 

9mm  of  tet«rl«r  «■<!«•»  •  ¥  «•  He,  of  mm^  polygMi,  resaUr  or  lrres«l«r  =  180»  X 
(number  of  sides  —  2). 

Aade  At  •«■  •vbteaded  ¥j  •  aUe,  fai  mmj  resalsr  poljsMi  =  MOO  -ir  nunber  of  sidai* 


TRIANGIiES. 


We  speak  here  of  plune  triangles  only  ;  or  those  baviDg  afralsht  aidei. 

A  tadanffle  ts  equilateral  when  all  iU  sides  are  equ;il,  a.«  a  ;  Inonoelen  when  ooIt  two  nides 
are  equul.  ««  V.\  aoalene  ^aucu  sU  the  aidea  are  anequ»l.  n.*  C.  I>.  ai>d  K:  acute-anWled  wh«a 
all  its  unKlen  nre  ucuif .  <>i  t>ucb  less  than  VP,  as  A.  B,  and  C  ;  rlfcht'angled  wlieu  it  coDtsicia  a 
right  aimle.  »■»  I> ;  obtuiie>anclbd  when  it  containi  no  obi  use  hu^;!*'.  or  ..m-  greater  than  WP.  as  V.. 

All  the  three  auKles  of  any  triangle  are  equal  to  two  rlcht 
mngcies*  or  ItW-';  ibercioie,  if  we  know  two  m  ihem,  wa  citu  flijil  tiie  tbira  by 
subtraoiiDg  their  sum  rrum  180^  AH  trianxles  which  have  equal  ba«e»,  ^ 
and  equal  perp  heights,  have  alioequnl  iir^'ii^:  luuis  iti4>  .iitiiK  i>r  aw  c^  aw  d.  iiud 
a  to  «,  are  equal  to  each  other.  The  area  of  any  triancle  >>*  equal  [<<  half 
thatnf  any  parnllelogram  which  hits  an  tqual  bnne.nnd  an  equal  pcrp  height.  The 
sreaeoftrlanslee  which  have  equal  banes,  butdiff  perp  heights,  aru  to 
each  other  aa,  or  iu  proportion  t<».  iheir  pet  [t  beighiii;  thus  the  triangle  awn, 
with  a  perp  huight  «  n.  equal  m  but  one-balT  that  (s  e)  of  the  three  other  trian- 

others. 

Ares  of  maj  trbmitle.  Figs  a,  B,  C.  D,  B,  ^  half  the  base,  8,  X  the  beigbt.  or  perp  Olst  p  m 
the  opposite  angle.  Any  aide  may  be  taken  as  the  base  of  a  trian^e ;  but  tbe  perp  beigbt  mast  mlwayg 
be  measored  from  tb*  side  so  assumed ;  to  do  wbieb,  tbe  side  must  sometimes  be  prolongtd,  as  la 
Fig  B ;  but  tbe  proloncatioo  is  not  to  be  considered  as  •  part  of  tbe  base. 

Af««  •Tmmj  e««lUtei«l  trUui«le  =  .4U01S  X  square  of  one  side. 

To  And  area,  haviiiir  the  three  sides. 

Addthena  ovetber;  dir  tbe  som  by  2 ;  from  the  lalf  sum,  subtract  each  side  separately;  mnltthe 
half  sum  and  tbs  three  remainders  continuously  together ;  Uke  tbe  sq  rt  of  the  prod. 

Ex.— Tbe  three  sidess20,  80,  40  ft.     Here  20  +  30  +  40=90;  and  —  =  <&•    ^^^  46—20=25; 

45—80=15;  and45— 40s5.     And 45  X  25 X  15 X  6=84375- and  the sqrt  of  84875 U 290.47  sq  ft, 
•reareqd.  ^    ^  . 
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%'«  find  area,  haTliiir  •■•  aide  and  tba  S  awle*  at  Ito  ends. 

Add  the  S  aof iM  tofcUier ;  Uke  the  fom  nrom  I8OO ;  the  rem  will  be  tbe  •of le  opp  the  glrea  hIAb. 
•-' ^ •       •     -••  •        - -moItt^ 


FUtd  (he  o«t  «ibe  of  this  ugle ;  also  find  the  nat  sines  of  the  other  angles,  and  molt  them  together. 
Then  as  the  nat  sine  of  the  single  angle,  is  to  the  prod  of  the  na(  sines  of  the  other  S  angles,  so  Is  the 
«ffitar«  of  the  given  side  to  doubU  the  reqd  area. 

To  And  area,  haTlng^  two  sides,  and  the  Inelnded  an^le* 

Malt  together  the  two  eMee,  «n4  the  nat  sine  of  the  tmdodadr  ani^ ;  dtT  bj  «. 

Bz.~Sldes  660  ft  and  iWO  ft;  Ineladad  angle  tUf'W,    By  the  table  we  an«  tiie  nat  dne.ttlft 

ssn798SAaqviHr«ftarea. 

To  find  area,  bavlnv  tbe  tbree  ang^les  and  tho 
perp  iMlyht,  a  ft. 

PInd  Ibe  nat  elMS  of  the  three  av^ce}  malt  tegetber  tbe  shies  of  tbe  angiee 
<  aad  0 :  dir  the  sine  of  the  angle  h  by  the  prod ;  malt  tbe  qoot  by  tbe  sqovs 
of  the  perp  height  a  6 ;  dtr  by  1 

To  find  anjr  side,  as  <f  o^  haTlny  tbe  three 
angles,  df  h  and  &,  and  the  area* 


The  perto  hdcht  vf  mi  eoallstena  irlmsle  <■  equal  to  one  side  X  .8060SS.  Ifenee  one  of 
its  aldee  Is  e^aal  to  the  perp  height  diT  by  .SSOOtf  or  to  perp  height  X  I.194T.  Or,  to  fcd  S  6li«» 
■tit  tbe  sq  rt  of  its  area  by  I.6196T.  The  side  of  an  eqnilateral  triangle,  mult  by  .668087  =r  side  ef  t 
mare  of  the  same  area ;  or  vnlt  by  .f4tfl7  it  giTee  tbe  dlam  of  a  eintle  ef  the  same  area. 

The  following  apply  to  any  plane  triangle,  whether  oblione  or  right-angled :  a 


kThe  tbree  angles  amoaot  to  180°,  or  two  right  angles. 
Any  exterior  an|^,  as  A  0  n,  is  eqnal  to  the  1 —  * — 

de  is  opposite  the  greater  angle. 
4.  The  sides  are  as  the  sines  of  the,opposite  angles.    Thas,  tbe  eide  •  Is  to  C       A         D 


£  Any  exterior  an|^,  as  A  0  n,  is  eqnal  to  the  two  interior  aod  oppeelte 
e«es,  A  and  B. 
S.  The  greater  side  is  op] 


4^ 


the  side  ft  as  tbe  sine  of  A  is  to  tbe  sine  of  B. 

ft.  If  eay  angle  as •  be  biseeted  by  a  line  «  e.  the  two  parts  me,  e  n  of 
the  opposite  side  m  n  will  be  to  eaob  other  as  the  other  two  sides  s  m,  «  n  ; 
or,  Me:ei»::«m:«n. 

e.  If  Unee  be  drawn  fhm  eaob  ancle  ret  to  the 
eenter  of  the  opposite  side,  they  will  cross  each 
other  at  one  point,  a,  aod  tbe  short  part  of  each 
of  the  lioei  will  be  the  third  part  of  the  whole  liue. 
Alto,  a  ts  tbe  oen  of  jn*av  of  the  triangle. 
7.  If  lioes  be  drawn  idsecting  the  three  atigkn,  they  will  meet  at  a  point 
^X^''"--0\  perpendicularly  equidistant  from  each  side,  and  coneeqoently  the  C       """ 

mL>^     \  ^^'-■^  t  of  the  sreateet  circle  that  can  be  drawn  In  th«  trlasigle. 

*  ^*      8.  If  *  line  *  n  be  drawn  parallel  to  any  side  c  «, 

she  two  triangles  r  «  n,  r  c  a,  will  be  similar. 

9.  To  divide  any  triangle  a  cr  into  two  equal  parta  br  alinetn  pai 
any  one  of  Its  sides  c  a.    On    '  " 

' "*"•  a  semiclrole  a  o  r;  ai 

radloi  r 
Bllel  to  ( 

!•.  To  find  tbe  greatoet  parallelogram  that  ean  be 
drawn  in  any  f^n  triangle  e  n  6.  Bleeet  the  three  eiist  at  •  s  s,  and  jein 
«  e,  a  e,  e  e.  Then  either  ae\c,  aeee,  orseen,  eaeh  equal  to  half  tbe 
triangle,  will  be  tbe  reqd  parallelogram.  Any  of  theee  paraUelograma  oan 
plainly  be  eooTerted  into  a  reetangle  of  eqaal  area,  and  tbe  greateet  that  ean  be 
drawn  in  the  triangle. 
10  K.  If  a  line  a  e  biseets  any  two  sides  o  5,  0  n,  of  a  triangle,  it  will  be  par- 
allel te  the  third  side  n  6.  and  half  a«  long  a«  it. 

tare  that  ean  be  drawn  In  aurtrlaiutl  _  

length.  Then 

BeBii— If  the  triangle  la  aneb  that  two  or  three  snob  perpe  ean  be  drawn,  then 
two  or  three  eqnal  sqoares  may  be  fonnd. 


st/Nj 


XL  To  find  the  greatest  sqnare  that  ean  be  drawn  In  aaty  triangle 
n  angle  as  a  draw  a  perp  a  n  to  tbe  opposite  aide  c  r,  and  ittdna  h 

•  N.  or  a  Bide  v  I  of  the  sqnare  will  = 


y  Google 
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mght-anirlecl  TrlanirlMu 

4U  the  roncoing  sppiv  a1w>  to  right-ragicd  trUnglea:  but  what  foUow  spplr  to  thorn  obIt. 
Gall  tho  right  angle  A,  and  the  others  B  and  0 ;  and  eall  the  ddot  roq 


oppoilto  to  them  a»  i,  and  e.    Then  It 


J   N^  »=aXSIneB  =  aXOoeO  =  oXOotOs« 

'^1  N.  «eaXSinoOsaXOoeBs»XTanga 


=  »XSe6  0=>/M+iC 
XTangB. 


l.irf 


AndSiiMof  BSj/OoaBs^/  TangBsy. 

AiidSfooef  AorSO^ssl.    CkMAzO.    Tang  A  s  Inllnlty.    SMAKtaflaHy. 
a  tho  right  angle  o  a  line  o  w  be  drawn  perp  to  the  hypothenoM  or  long  sMo  \  o,  thm  tk« 
two  tmaU  trUnglae  o  w  *,  e  w{r.  and  the  large  one  e  *  o,  wlU  be  simtlar. 
Oro  w :  w  o ; :  w  0  :  (9  *;  and  9  w  X  w  *  s:  w  of. 

wA  d  "■*?  ^^^^  '^i°  >**•  '*«•»'  **»«'«  *<»  '•»•  ••■ter  of  the  long  sMe  wIU 
be  hair  at  long  aa  ta^d  side. 

S.  If  on  the  three  sidM  e  A»  ey.  g*  we  draw  three  sqoares  «,»,•,  er 
three  eirelee,  or  triangles,  or  anj  other  three  flgs  that  are  elvllar,  then  Mm 
area  of  the  largest  one  is  eqoai  to  the  sum  of  the  areas  of  the  two  otiien. 

4*  In  a  triangle  whose  sides  are  as  3,  4,  and  5  Cas  are  those  of  the  trt* 
angle  A  BO),  Vba  angles  arerenr  approximately  900;  fOPV  iAMf'x  aaA 
skkTm^hiw//     n.i.-1-li —  1  .   i.^^A  .      TheirTangs,lnflnU7;  IJWi 


_  11^'/.    TheirSlae8,I.;  .8iand.e. 
and  .75. 

A.  One  whose  sides  are  as  7, 7,  and  9.9.  has  r^r  j  approx  one  angle  of  I 
and  two  of  itP  eaeh,  near  enoogh  for  all  practical  purposes. 


PLANE  TEIGONOMETET. 


VLim  trigononelry  teaehes  how  to  find  eertain  noknown  parts  of  plane,  or  stratgbt'iided  trt* 
mgles,  by  means  of  other  parts  whioh  are  known;  and  thus  enables  as  to  measure  tnnoosssible  dia. 
tanoes,  kn.  A  triangle  oonslstt  of  six  parts,  nam^lv,  three  sides,  and  three  angles ;  and  If  we  know 
any  three  of  theee,  (exoept  the  three  angles,  and  in  we  ambtgnons  ease  under  "  Caae  >.")  we  oan  tnA 
the  other  three.  The  following  four  oases  include  the  whole  salt)eet ;  the  student  shen.1  ooamttttaaM 
tiLmemorr.  ^ 

€•••  1.  HaTtna:  mn^  two  angrles,  and  one  aide,  ^       "* 

to  And  the  other  sides  and  anirle. 

Add  the  two  angles  together :  attd  sabtract  their  sum  fh>m  180^;  the  reoi 
Mil  be  the  third  angle.    And  for  the  sides,  as 

Slot  of  the  angle     .    Sine  of  the  angle    .   •    oivmi  aide  •  Mad  sida. 
epp  the  gi^n  side    •    opp  the  reqd  s&e    •   •    f*'^  ■»«  •  «qd -W^ 
Use  the  side  Ihno  fbund,  aa  the  given  one ;  and  in  the  same  manner  find 
Ibe  third  side. 

Case 2.  HaTlnff  two  sides,  ba,ae,  Tig  X,  and  the  anyle  abe, 
opposite  to  one  of  them,  to  find  the  other  side  And  ftoglas. 


Side  a  e  opp 
the  given  an- 
gle a  i  e 


The  other 
side  : 


■•t: 


Sine  of  the 
given  angle 
ab  e 


Sine  of  angle  k  4  a  or 
lea  opposite  the  other 
given  side  b  a. 


Having  found  the  sine,  talce  out  the  oorrespondlng  angle  ft>om  the  table  •f 
nat  sines,  but.  Id  doing  so,  if  the  stde  ae  opp  the  given  angle  to 

shorter  than  the  other  given  side  b  a,  bear  in  mind  that  an  angle  aod  Its  snp- 
plement  have  the  same  sine.  That,  In  Pig  X,  the  sine,  as  found  above,  la 

opp  the  angle  i  o  a  in  the  table.  But  a  e,  if  »hort0r  tJUm  b  a,  oan  evidently  ba 
laid  off  in  the  opp  direction,  a  d,  in  which  case  bdalt  the  supplement  of  (  e  «. 
If  a  0  is  as  long  as,  or  longer  than,  b  a.  there  oan  be  no  doubt ;  for  in  that  aaaa 
ttoannot  be  drawn. toward  6,  but  only  toward  n.  and-4he  angle  6ca  will  b« 
fouad  at  oooe  in  tha  table,  opp  the  sine  as  found  ^hov^OOQ K 
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WbantkctwoMglw,  •6a.k««,lMv«bB«Bftmnd,flii4  tk«  ra—lalag  Bide  by  Cmc  L 
r«r  the  remainloc  aofto.  ft  a  e,  add  logetlitr  the  aofl*  a  6  o  ArM  gires,  and  cm  oaa,  6  «  «,  Ammi 
aa  abore.    Dednot  their  lam  Arom  180°. 

€iuie  3.  Havlncr  two  aldeA,  nn4  the  ftncle  loelndMl 
between  them. 

Taka  (he  angle  rroni  180®;  the  rem  will  be  the  aam  of  the  two  ankBowa  anglea.  Dlr  this  aaaa  hf 
B ;  and  And  the  oat  tang  of  the  qoot.    Theu  aa 

The  tarn  of  the    .    irwi.  Attr   •    •    Tang  of  half  the  earn  of    .    Tug  of  half 
two  giren  atdea    •    ^'^trais    .   .    um  iwo  naknown  angiee    •    their  dUT. 

Take  from  the  table  of  sat  tang,  the  angle  oppoeite  thie  laat  tang.  Add  this  aocle  to  the  half  ram 
•r  the  two  nnkaowB  anglea,  and  It  will  give  the  angle  opp  the  toageat  gfren  tide :  and  tubtraot  it 
from  the  tame  half  tnm,  for  tlie  angle  opp  the  ihorteet  given  aide.  HaTiag  that  foaad  the  angles, 
Awl  the  third  tide  by  Caae  1. 

Ai  •  praetieal  example  of  the  nee  of  Caae  S,  we  ean  aaeertaia  the  diet  n  m  aeroei  a  deep  pond,  bj 
meaearing  two  lines  n  e  and  m  a  ;  and  the  angle  nom.  From  tbete  data  we  maj  oaleelate  n  m ;  or 
by  drawing  the  two  lidee,  and  the  angle  on  paper,  by  n  aoale,  we  can  afterward  measure  n  m  on 
thed — '-- 


•  drawing. 


€Mie  4.  Hftvlnv  Uie  three  alOes^ 

» And  tha  three  aaglee;  upon  one  side  •  h  as  a  base,  draw  far  enypeeetolMdrawB)  apety  ef  ftaa 
s  oppoeite  angle  e.  Find  the  diff  between  the  other  two  sides,  a  o  and  e  h :  also  their  snm.  Than,  ae 


,  Sum  of  the 
•  other  two  sidea 


,  Diff  of  other  .  Diff  of  the  two 

>  two  sidea       •  pane  ag  and  bg,  of  the  base. 


Add  TuMif  this  diff  of  the  parts,  to  ka^  the  base  a  h;  the  snm  wHl  be  the  longest  pert  a 9;  whieh 
taken  from  the  whole  bese,  glree  the  shwteet  party  h.  By  this  means  we  get  In  eaob  nf  the  small  tri- 
angles acg  »nd  tgh,  two  sides,  (namely,  a  e  and  a  g',  and  e  6  and  gh\)  and  an  angie  (namely,  the 
right  angle  e  aa,  or  e  9  *)  oppoeite  to  one  of  the  given  sides.  Therefore,  nee  Case  2  for  flading  thg 
—  '  '^     When  that  U  done,  take  their  snm  fH>m  18(K>.  for  the  angle  a  e  6. 

#r,  M  Bictei  eall  kalf  the  snm  of  the  three  sides.  •{  and  aaU  the 

two  sides  wbioh  form  either  attfle,  ■eanda.    Then  the  nat  aine  of 


half  that  angle  will  be  equal  to  \/^ 
1. 


Fifi:.2. 


--m)X  (s~n) 
mX« 

To  And  the  dlst  firom  a  to  mn  lnae» 
eesstble  objeet  e. 

ifeaiure  a  Une  at;  and  from  Ita  ends  meeaare  the  snglee  e-a  h  and 
e  &  a.  Thus  hariag  foaad  one  sida  and  two  anglee  of  the  triangle  •  ft  e, 
ealenlete  a  e  by  means  of  Caae  I.  Or  if  extrease  aoeareey  ie  not  reaii 
draw  the  Une  •  k  on  paper  to  any  oonvenient  soale ;  then  by  means  of  a 
protraetor  lay  oflT  the  anglee  e  •  &,  e  i  •;  and  draw  a  c  and  e  h ;  thea 
a  e  for  the  same  soala. 

£x.  8.   To  And  the  helgpht  of  a  verUeai 
objeet*  n  a. 

Ptftoe  the  Instrument  For  measuring  anprlc".  at  anj  oonve 
DieDt  apot  o ;  «Uo  meas  the  dtxt  9  a  :  or  If  o  a  cannot  be  actustl^ 
meaad  In  eonaeqaence  or  some  obstnele,  calculate  It  by  tbs 
same  process  as  a  c  Id  Fig  1.  Then,  first  directing  the  Instru- 
ment horifon tally,*  as  o  §.  measure  the  angle  of  depreBsloo, 
«  o  (I.  say  12^  ;  also  the  angle  »  0  n,  say  30<^.  These  two  angles 
adtied  together,  iflve  the  angle  ao  n,  4Z°.  Now,  in  the  small 
triangle  o  •  o  we  have  the  angle  o«  a  equal  to  90°,  because  a  A 
is  vert,  and  os  hor;  and  since  the  three  angles  of  any  triangle 
are  equal  to  lflO'>,  if  we  suhtract  the  angles  oxa  (W^)'.  and  soa 
{\2^)  from  iSO''.  the  rem  (78^)  will  be  the  angle  o  a  t  or  o  o  », 
Therefore,  In  the  triangle  o  na,  we  have  one  side  oa;  and  twe 
angles  eon,  and  o  a  n,  to  oaloulate  the  side  a  n  by  Case  1. 


*  Anglea  and  distson  sloping  fj^roiind  nmst  be  measured  liar- 

izontaily.    The  graduated  hor 


circle  of  the  instrument  evidenfly  meas- 
ares  the  angle  between  two  objects  hori 
roiitally,  no  matter  how  much  higher  one 
of  them  may  be  than  the  other :  one  pet • 
haps  requiting  the  telescope  of  the  instru- 
ment to  he  directed  upward  toward  it; 
and  the  other  downward.  If.  therefore, 
the  sidea  of  triangles  lying  upon  slopin| 
ground,  are  not/«rH«f  me'as^hor,  there  can 
t>«»«>[fpfSg|RI^<^J«(t>egJ(gtwo.    Tham 
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J!^'J{^*^Jiih  **  "is?*  ^  necewary  to  uoertaln  tbe  vert  height  an  from  a  point  o,  entirely 
MjiT*  It,  thed  both  the  anises  meM«  at  o,  namely,  •  o  n,  and  «  o  a,  wlU  be  angles  of  depression,  <» 
iefow  the  hor  Une  o  •  assumed  to  measure  them  fw>m.  In  this  ease  we  hare  the  side  oa  as  beforT: 
Ihe  angle  no  a  =  «oa~«»«i|  and  the  mngle  o  a  n  =  iBOo  -  f o  •  •  (tO®),  and  ••aAto 
•n  by  Case  L  ^ 


Fiff.a 


Ortf,  aa  In  Fig  4,  the  obsenrations  are  to  be  Uken  from  a  point  o,  entirely  below  the  ohiect  a  n,  the* 
Mth  the  angles  0O€i,»on^  will  be  angles  of  eleration,  or  above  the  assumed  hor  line  e«.    ~ 
hare  in  the  triangle  o  m  a,  the  given  ride  o  a  aa 
before:  the  angle  aei»s««M  — «•*{  and  Ik* 

(o««(MO),«n4  »•  •,  )  to 

If  the  oUeot  an,  as  in  Pig  6,  instead  of  being 
vert,  is  inoUned;  and  instead  ef  iu  vert  height, 
we  wish  to  find  Its  length  a  n,  we  must  first  as- 
eertain  its  angle  y  (  <  of  inolination  to  the  horl- 


tmszmP^  (o 
B  aM  by  Case  1. 


to  which  auKle  each  of  the  angles  oen  will 
.  aal.  To  find  this  angle  y  ti,  suspend  a  plumb- 
line  <  y.  of  any  oonTenient  known  length,  (h>m  tha 


objeotais;  and  measure  also  y  t  horizontallT, 
Then  aay  •• 

f  <:  Cy: :  1  :  nattanf  of  ngleyti. 

From  the  Ubl«  of  nat  Ungs  take  o«t  the  anglt 
.*^  * — ^ ..-.^..  _  .  .     eltfor 


If  ti  found  opposite thia nat  tang ; 
the  angles  e  •  n  or  o«a;  instead  ef 

•  and  4.    Also  when  the  otijeot  ine 

•  o  of  the  triangle  mast  be  measd  In  line, 
range  with  the  inollnaUon.     If  the  oljeot,  as  the 
reek  a  n»  Fig  6,  is  curved  or  Irregular,  a  pole  a  $ 
a»ay  be  planted  ak^ng  in  the  direction  a  «;  and 


and  use 

*fthe90OerFife       ^J:'^'- 

Also  when  the  otijeot  inelines.  the  side       /yS^.^% 


Fifir.6. 


In  Uui  LnaiigTe  ale.  mnju  tilotJiiii?  i^rouod.  theinstrament  at  o,  measures  the  hor  angle  ion;  and  not 
the  angle  bac.  Therefore,  the  aide  which  oorreipondB  with  this  hor  angle  i  o  n.  is  the  bar  dist  i  n ; 
and  not  tbe  sloping  dist  b  c.  In  other  words,  when  lides  and  angles  are  on  sloping  ground,  we  do 
not  seek  their  actual  meaaures ;  but  their  ftor  ones.  This  remark  applies  to  all  surveying  for  farms, 
railroads,  triangul&tiona  of  countries,  &c,  &c;  and  the  want  of  a  strict  attention  to  k,  is  oneeauae 
of  the  imall  errors,  almost  QDaroidable,  (and  fortunately,  of  but  trifling  oonsequence  in  oraotieel. 
which  occur  in  all  ordinary  field  operations.  =  i  r  n 

When  a  sextant  is  nsed,  angles  between  objects  at  diff  altitudes,  as  p  and 

q.  may  be  meaad  hor,  by  flrst  planting  two  vert  rods  '^ 

«  and  ■,  lu  range  with  the  objects ;  and  then  taking 

the  hor  angle  on  a,  subtended  by  the  rods.  -'A'^P 

Aniples  may  be  measd  withent 
any  Inst,  thus:  Measure  100  ft  toward 

eaoh  object,  and  drive  stakes  ;  measure  the  dist  across 
trom  one  stake  to  the  other.  Half  this  dist  will  be 
the  sine  of  half  the  angle  to  a  rad  of  100 ;  and  if  we  move 
the  decimal  pdint  two  places  to  the  left,  we  get  the  nat 
stn«of  this  one  half  of  the  angle  to  a  rad  of  1,  as  in  the 
tables.  Thus,  suppose  the  dist  to  be  80,64  feet ;  then 
40.32  is  tbe  Bine  of  half  tbe  angle  ;  and  .im2  will  be 
tbe  nat  sine,  opposite  to  which  in  the  table  of  nat 
sines  we  find  the  angle  23°  47'  ;  wbich  mult  by  2.  gives 
iT*^  3V,  tbe  reqd  angle.  If  obstacles  prevent  measuring  toward  the  objects,  we  may  measure  directly 
from  them  ;  because,  when  two  lines  interment,  the  opposite  angles  are  equal.  A  rough  measurement 
may  be  made  by  sticking  three  pins  vert,  and  a  few  ins  apart,  into  a  small  piece  of  board,  nailed  hor 
to  the  top  of  a  post.  The  pins  would  occupy  the  positions  n  o  s,  of  the  last  figure.  Pencil-lines  may 
then  be  drawn,  connecting  the  pin-holes  ;  and  the  angle  be  measd  with  a  protractor.  By  nailing  a 
piece  of  board  vert  to  a  tree,  and  then  drawing  upon  it  a  short  hor  line,  by  means  of  a  pocket  car- 
penterB'  spirit-level,  vert  angles  of  eleration  and  depression  mav  be  taken  roughly  in  the  same  way. 
'n  this  way  the  writer  has  at  times  availed  him  self  of  the  enter  door  of  a  house,  tiy  opening  It  until  il 
4nted  toward  some  moun tain- peak,  tbe  dist  of  wbiob  he  knew  appr0XlmatolWnbBi^|rlv(h? height  of 
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lit  Mil*  f  <l  of  LikoUna.tWa  wltk  thf  bodson  found  m  tefort i 
"*"       In wbl«li «u« the &% anU Mientetatt.    Or ff the v«rt heigbtcH 
is  looght.  tbe  point  a  magr  first  b«  found  bj  •igbting  upward 
along  n  plumb-line  held  abore  the  heed. 

Kjl.  S.   To  And  the  npproxlmftto  lieli^taty 
«  «,  of  ft  moantaln. 

Of  which,  perhaps,  onlj  the  rer?  summit,  x,  U  viitble  aboT« 
interposing  forests,  or  other  obRtocie^ ;  but  tbe  dist,  mi,  of  which 
U  known.  In  this  ease,  first  direct  tbe  InstrumeDt  bor,  as  m  A; 
and  then  meaiure  the  aoglto  i  m  x. 
Then  io  tbe  triangle  f  m  x  we  bave 
one  Bide  m{;  tbe  measd  angle  imx, 
and  the  angle  m  i  x  (90°),  to  find  im 
by  Case  1.  But  to  tbla  (  x  we  must 
add  t  o,  equal  to  tbe  height  y  m  of  tbe 
iDstrument  above  the  ground ;  and 
also  a  i.  Now,  o  t  in  appaTenily  due 
eatirelr  to  tbe  curvature  of  the  earth, 
which  is  equal  to  verj  nearlj  8  ins,  er 
.067  ft  Id  one  mile  ;  aod  Increases  ae 
the  squares  of  the  disti ;  being  i 
timea  8  Ids  In  2  miles ;  9  times  8  Ins 
to  I  alien,  4a^  BH  thie  to  eeiMirhnt  ttwlnirteil  to  the  refraoUon  of  tbe  atmosphere ;  wbicb  variea 
with  temperature,  moisture,  Ao;  but  alwagrt  tends  to  make  tbe  objeet  z   appear  higher  than  if 

•etaally  ie.      At  an  avenge,  thie  deeeptiT*  ^Tation  amouata  to  about  —  tb  part  of  tbe  ourvature  of 

the  earth ;  and  like  the  latter,  it  mriee  with  tbe  tqfaum  of  tbe  diats.  CoosequeDUy  if  we  snbtraot  y 

part  from  8  ins,  or  .ttT  ft.  we  hnv*  atonee  the  oemblned  effsoi  ef  enrratare  and  refraotlon  for  one 
mile,  equal  to  €.867  ins,  or  .OlA  ft;  and  for  other  diets,  ae  ehown  in  tbe  following  table,  by  the  nea 
of  which  we  aroid  the  neoesaity  of  making  eeporoCe  aUowaneee  for  enrratnre  s-^  —' '  - 


Flff.T. 


Table  of  allowaneee  to  be  added  for  earTatare  of  tbe  eartb  i 

Dist. 

Allow. 

Diet. 

Allow. 

Diet. 

AUow. 

Diet. 

Allow. 

Inyarde. 

fbet. 

tnmllee. 

foot. 

inai^M. 

feet. 

inmilec. 

Ihet. 

100 

.002 

\i 

.086 

0 

20.6 

20 

229 

160 

.004 

12 

.143 

7 

28.0 

22 

277 

aoo 

.oor 

?4 

.821 

8 

86.6 

25 

857 

SOD 

.017 

1 

.672 

9 

46.8 

30 

614 

400 

.080 

IK 

.898 

10 

67.2. 

36 

700 

600 

.046 

\xZ 

1.29 

11 

69.2 

40 

916 

000 

X>66 

\SZ 

1.76 

12 

82.3 

46 

1168 

700 

.090 

2 

2.29 

13 

96.6 

60 

1429 

800 

.118 

2M 

ijsr 

14 

112 

66 

1729 

900 

.148 

3 

6.14 

16 

129 

60 

2068 

1000 

J86 

3M 

7.00 

16 

146 

70 

2801 

1200 

.266 

4 

9.16 

17 

166 

80 

3669 

1600 

.416 

^H 

11.6 

18 

186 

90 

4631 

9000 

.738 

6 

14.8 

19 

206 

100 

6n7 

Heaee*  if  •  person  whose  eye  ie  6.14  ft,  or  112  ft  above  the  sea,  eeee  an  object  just  at  the  een'a 
horison,  that  objeet  will  be  about  S  milee,  or  14  milee  distant  from  bim. 

A  taorimontal  line  is  not  a  level  one,  for  a  straight  line  cannot  b«  a 

lerel  ea*.  The  ennw  of  the  earth,  aa  exemplified  In  an  expanse  of  quiet  water,  ie  lOTel.  bt  Fig  T, 
If  we  suppose  the  onrred  line  tpagio  repreeeot  the  earffeoe  of  the  sea,  then  the  points  <y  «  and  a  aee 
en  a  level  with  eaoh  other.  Th^y  need  not  be  equidletant  from  the  oenter  of  the  earth,  for  the  sea  at 
the  poles  ie  about  IS  milee  nearer  it  than  at  tbe  equator;  yet  ite  surface  ie  everywhere  on  a  leveL 
Up.  and  down,  refer  to  sea  leveL  lievel  means  parallel  to  tlie  curvature 
of  tne  sea;  and  borlaontal  means  tangential  to  a  leyel. 

Kjl.  4.    If  tbe  Inaeeeaslble  vert  taelirbt  c  d,  Flgp  8, 

/«  eo  tUumttd  thai  lee  eannot  rsoeA  U  at  all,  then  plaoe  the  inetrument  for  measuring  anglee,  at  any 
eoBTenlent  epot ni  and  in  range  between  n  and  d,  plant  two  staf(s«  whose  tope  e  and  i  ehall  range 
piveieely  with  n,  taengh  they  need  Bot  be  on  the  eame  level  or  hor  line  with  it.  Meaenrais  o:  alee 
fremMmeaenretheangleBeiedandoMe.    Thea  move  the  iaatrument  to  the  preeiae  epot  previeneljr 

which  he  had  no  Idea.  For  allowance  for  carvature  and  refraction  see  above  Table. 
A  trlanifle  wbose  eides  are  as  3,  4,  aud  S,  is  right  angled;  and  one 

whoee  eidee  are  ae  7 :  1 ;  and  9.  9 ;  oontains  1  right  angle ;  and  2  angles  of  45^  each.  As  it  is  fre« 
Ojuently  neoessary  to  lay  down  angles  of  46°  and  90°  on  the  ground,  tbeee  proportions  may  be  need  for 
the  purpose,  by  shaping  a  portion  of  a  Upe-line  or  ohain  into  auoh  a  triangle,  and  driving  a  stake  at 
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Fiflr.8. 


FIgr.9. 


Mmplad  by  tbe  top  o  of  the  ttaff ;  and  from  omeuvre  the  anflei  iodmnAdmo,  Thiibdaf  aoM,Nk 
.      tract  tbe  angle  toe fk«m 
«lC      180O;  the  rem  will  be  tbe 

angle  e  o  ».     Goneeqaent- 

I7  in  the  triangle  no  e,  we 

have  one  elde  no,  and  two 

angles,  one  and  oen,  to 
*  find  \jy  Case  1  tbe  tide  0  e. 

Again,  take  tbe  angle  iod  *, 

ftom  180°;  the  remainder 

will  be  the  angle  n  o  d,  so 

that  in  the  triangle  dno 

we  have  one  tide  n  o,  and 

the  two  angles  dno  and 

M  o  d,  to  find  bv  Case  1 

the  side  od.    Finally,  in 

the  triangle  e  o  d,  we  have 

two  sides  e  o  and  o  d,  and 

thdr  included  angle  cod, 

to  find  0  d,  the  read  verl 

height. 

Bbii.  If  «  d  were  In  a  valley,  or  on  a  bill,  and  the  observations  reqd  to  be  made  tnm  either  higfaw 
ar  lower  ground,  the  operaUon  would  be  preoisely  the  same. 

£x.  S.    See  Ex  10. 
To  find  tbe  dlst  ao^  Tig  9,  between  two  entirelT-  Inaeeeasllile 
objects. 

Measure  a  side  n  m ;  at  n  measure  tbe  angles  anm  and  onm:  also  at  m  moMnra  the  anglee  omn,  and 
•  m  n.  This  being  done,  we  have  in  the  triangle  anm,  one  Bide  n  m,  Fig  9,  and  the  an^ee  anm,  and 
nma;  benoe,  by  Case  1,  we  oan  oalculate  the  side  an. 
▲gain,  in  tbe  triangle  o  m  n  we  have  one  side  n  m,  and 
ttie two  angles  omn,  and  m n o ;  hence,  by  Case  I ,  we  can 
calculate  the  side  n  o.  This  being  dose,  we  bare  io  the 
triangle  ano,  two  aides  an,  and  no;  and  their  included 
angle  ano;  hence,  by  Case  3,  we  can  calculate  the  side 
ao,  which  is  the  reqd  dist.  It  is  plain  that  in  this  manner 
we  may  obtain  also  the  position  or  direction  of  the  inacces- 
sible line  ao ;  for  we  cao  calculate  the  angle  nao-,  and  can 
therefrom  deduce  that  of  ao  j  and  thus  be  enabled  to  rnn 

a  line  parallel  to  it,  if  required.     By  drawing  n  m  on  pa-  «i|_  -ia 

per  by  a  scale,  and  laying  down  tbe  four  measd  angles,  •P*»«  -ivi. 

tbe  diet  a  o  may  be  meaad  upon  tbe  drawing  by  the  same  scale. 

If  the  position  of  the  inaccessible  dist  c  n,  Fig  10,  be  such  that 
we  can  place  a  stake  p  in  line  with  it, we  may  proceed  thus  :  Place 
tbe  instrument  at  any  suitable  point  a,  and  take  the  angles  p  a  e 
and  cxn.  Also  find  the  angle  cpe,  and  measure  the  distj^s.  Then 
In  the  triangle  p  «  c  find  t  c  by  CaNe  1  j  again,  the  exterior  angle 
n  c  «,  being  equal  to  the  two  interior  and  opponite  angles  cp  8, 
and  p  s  c,  we  faave  In  the  triangle  c  «  n,  one  aide  aod  two  angles 
to  find  c  n  by  Case  1. 

Ex.  6.  To  find  m  dlat  ah,  Vig  11,  of  whlcb 
the  end*  onlj  mre  neeesslble. 

from  a  and  h,  measure  any  two  lines  ae.b  e,  meeting  at  e ;  also 
Measure  the  angle  a  eh.  Then  in  tbe  triangle  a  6  e  we  have  two 
■idee,  and  the  included  angle,  to  find  the  third  side  a  &  by  Case  S. 

Ex.  7.  To  And  the  vert  helfcht  o  «n^  of  a 
hill,  nboTe  a  ylven  point  i. 

Place  the  instrnment  at  <;  measnre  a  m.  Directing 
the  tostrnment  hor.  as  an,  take  the  angle  nam.  Then, 
aince  anm  is  90°  Fig  12,  we  have  one  side  a  m,  and 
two  angles,  nam  and  a  n  m.  to  find  n  m  by  Case  1. 
Add  no,  equal  to  ai,  tbe  height  of  the  instrument. 
Also,  if  the  hill  is  a  long  one,  add  for  curvature  of  tbe 
earth,  and  for  refraction,  as  explained  in  Example  S, 
Fig  7.  Or  the  instrnment  may  be  placed  at  tbe  top  of 
the  hill ;  and  an  angle  of  depression  measured ;  instead 
of  tbe  angle  of  elevation  nam. 

Bbm.  1.  It  is  plain,  that  if  the  height  o  m  be  previously 
known,  and  we  wish  to  ascertain  the  dist  from  its  sum- 
mit m  to  any  point  i,  the  same  measurement  as  before, ' 
of  the  angle  nam,  will  enable  us  to  calculate  a m  by 
Case  I.  So  in  Bz.  2,  if  the  height  na  be  known,  the  aaglaa  measd  in  that  example,  will  enable  na 
to  eompute  the  dist  a  o ;  so  also  in  Figs  8,  4,  5,  and  T  ;  in  all  of  which  tbe  prooeae  is  so  plain  aa  la 
require  no  further  explanation. 

Rkm.  2.  The  height  of  a  vert  object  by  meanS  Of  ItS  ShadOW.  Plant  one  end  of 
a  straight  stick  vert  in  the  ground ;  and  measure  ts  shadow ;  also  measure  tbe  length  of  the  shadow 
of  thu  object.     Then,  as  the  length  of  the  shadow  of  tbe  stick  is  to  the  length  of  tbe  stick  above 
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Px>ob4,  m  te  the  iMifth  of  tk«  ihadew  of  Um  ottfaet,  to  Its  height. 
afti)««  be  e^iuUj  intlwed* 


If  the  ol^eeiie  inellMi,  the  etlek 


ntv^     mg,  12H 


Bem.  S.  Or  the  liefybtof  n  Tert  object  mn, 

Fig  12^,  whoee  distaaoe  r  m  is  known,  may  be  found  bj* 
Its  r«fl«etlon  in  a  yeuel  of  water,  or  in  a  piece  of 


,     -    ..,,-»,, plae«dperfeetiThortsoBteletr;rorMral«tothehelghl 

/•^'      (^  •< of  the  eye  ebore  the  reflector  r,  Mlermto^  -Wt^   toL^ 

-^ .(J  y,,  ^ijirt  m  M  of  the  ehfeot  ebore  r.  ^f  "^  ^  '^^•«  **>» 


Belli.  4.  Or  let  0  e.  Fig  12U^  be 
A  plftuted  pole,  or  a  rod  held  vert  by  an  assistant.  Then 
stsDd  et  •  proper  diet  beek  tnm  it,  aad  keeping  the  eyee  tteedj,  let  marks  be 
aede  at  o  and  e,  where  the  Usee  of  etfht  I  f>  aod  <  m  etrlke  the  red.  Then  as, 
leistoeo,  aeis<MtoMi». 


The  fbllowliic  ezamplee  maT  be  regarded  a«  labatitatet  for  etriot  trigoooiM. 
try :  and  will  at  tliMe  be  ueeful,  in  eaae  a  taMe  of  ilnee,  ko,  le  not  at  baud  for 


Kz.  S*  To  flii4  tbe  dist  ab,  of  wbleb  one  end  only 
i*  oeeeeeible. 

Drive  a  atake  a*  any  oonveniest  point  •;  from  a  lay  off  any  angle  h  ae.  J* 
the  Uneae,  at  any  eonvenleat  point  c  drive  a  etake;  and  from  e  lay  off  an  angle 
a«d,  eqnal  to  the  angle  hae.  In  the  line  e  d,  at  any  eenrenlent  point,  ae  4^ 
drive  a  stake.  Then,  etandlng  at  tf,  and  looktnn  fltt  h,  plaoe  a  stake  o  in  raaat 
with  d  ft:  and  at  tbe  eaae  time  In  Uie  line  a  e.  Meaenrcne,  oe,  anded;  thi^ 
from  the  principle  of  similar  trianglea,  as 


Fiff.ia. 


acted',  laoxdb. 


Or  thass 

rig  1«,  n  h  bdng  the  diet,  plaoe  a  stake  at  n ;  and  lay  off  the  angle  A  ft  m  OO^. 
At  any  CBwrMiknt  dlttn  ».  idioa  n  stake  m.  Make  the  angle  %  My fcM" ;  and 
place  a  stake  at  y,  in  range  with  h  n.  Measure  ny  and  nm;  then,  (torn  ths 
prineiple  of  similar  triangles,  as 

WtfSMfMlinMatMit. 

Or  tbue.  Fist  14.  Lay  oflT the  angle  hnrnm,  90^,  placing  a  stake 
m,  at  a«y  oonTonient  dist  n  m.  Measure  ft  m.  Aleo  meaenre  the  angle  f>  «•  h. 
Find  nat  tang  of  fi  m  A  by  Table  Mnlt  this  nat  tang  by  n  ifi.    The  prod 


«1ff.l4. 


wlUbefih. 
Or  tbns. 


Iiay  off  angle  hnm- 

Then  la  n  y : 


s  9(P.    From  m  measure  the 


angle  nmh,  and  laf  nff  angle  ts  m  y  eqnal  to  It,  plaelBg  a  etake  at  y  la  range 
with  *  H.    Then  la  n  y  =  t»  I. 

Or  tboM,  wiibont  meoenrlnir 
any  nniple ; 


11ff.l&.        z 


f  u  being  the  dist.    Make  «  v  of  any  e 

length,  in  I  •-'- -        « 

o  «  eqnal  t 

equal  to  it  in  range. 

both  ae  y.  and  ( o.    Then  will  y  «  be  both  eqnal  te 

t  M.  and  parallel  to  U. 


lb,  in  range  with  <  u.  Measaraany  «  o ;  ani 
sqnal  to  It,  in  range.  Meaanm  «  o ;  and  op 
i  to  it  in  range.  Plane  astake«  In  range  with 


Or  tbae,  witboat  ■neoenrinff  an  j  nn^le. 

Drive  two  stakes  t  and  u,  In  range  with  the  object «.  rrom  t  lay  off  any 
oonveuient  dist  t  x,  in  any  direction.  Prom  u  lay  ott  u  v>  parallel  m  (  a, 
JSSng  w  In  range  ^ih  x  «.  Make  u  v  equal  to  <  s.  Measure  nr  •,  t  »,  an4 
a  t.    Then,  as 

wvtvmti»ttt0. 

Or  tbiis.    At  «  bty  off  angteoatf  ««  6(>48'.    Laj  M 

off  00  at  right  angles  to  ao.    Measure  oe.    Then  ^ 

ao  «■  10  0  0,  toe  long  only  1  part  in  936.6,  or  6.648  feet  ^ 
in  a  mile,  or  .1069  foot  (full  U  inches)  in  100  feet  ^ 
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Ex.  9.   To  find  the  dlst  a  5,  of  wbf  cb  tli« 
ends  only  nre  aceeastble. 

Vrom  a  I»y  off  the  angle  hae;  and  frosi  &,  the  angle  ahd,  eaoh 
90°.  ICake  ae  and  &  <i  equal  to  each  other.  Then,  ed^ab.  Dr 
ah  may  be  oontidered  at  the  dist  aoroM  the  rtrer  in  Figs  IG,  13,  or 
14 ;  and  be  asoertained  in  the  same  way.  Or  nMMora  any  diat,  FIf 
17,  a  o;  and  make  e  m  in  line  and  equal  to  it.  Alao  ineasare  (•; 
and  make  om  in  Sine  and  equal  to  it.  Then  will  m  »  be  both  parak 
lei  to  a  I,  and  equal  to  it. 


Rx.  10.    See  Ex.  4.   To  find  tbe  entirely 

Inaeeesslble  dlat  y  x,  nnd  also 

Its  direction. 

At  any  two  convenient  pointa  a  and  h,  from  each  of  which 
,  drire  etakee.     Then  we  hare  the  fonr 


f  and  M  oan  be  leen, 

0omen  of  a  four-tided  figure,  in  whloh  are  given  the  directiona 
•f  tluae  of  iu  eideB,  and  of  its  twe  diage.  Theee  data  enable  as 
to  lay  out  on  the  ground,  the  email  four-sided  flg  •  c  o  <,  exactly 
similar  to  the  large  one.  Thue,  in  the  line  ah  plaoe  a  stake 
9;  and  make  eo  parallel  to  6 s;  o  being  at  the  same  time  in 
flange  of  the  diag  a  s.  Also,  f^rom  e  make  e  i  parallel  to  t »; 
i  being  at  the  same  time  in  range  of  a  y.  Then  will  <  o  be  in 
the  same  direotion  as  y  «,  or  parallel  to  It.  Measure  a e.  aft, 
•od  i  0 ;  then  evidently,  from  the  principle  of  similar  figures,  as 
aexahx  iioxym. 

It  y  M  were  a  visible  line,  such  as  a  fence  or  road,  we  oould 
from  a  divide  it  into  any  required  portions.  Thus,  if  we  wish 
to  plaoe  a  stake  halfway  between  y  and  m,  first  plaoe  one  half- 
way between  i  and  o ;  then  standing  at  a,  by  means  of  signals, 
plaoe  a  person  in  range  on  y  s.  Or,  to  find  along  a  6,  a  point  ( 
perp  to  y  s  at  y,  first  make  o  <  •  =  iN>° ;  and  measure  a  «.  Then< 

oiiasiiyMtat, 


Flfif.  18. 


Ex.  11.  To  find  tbe  position  of  a  point,  n,  Fl|p  19, 

Jy  SMOIM  «f  twe  angU$  a  n  b  and  b  n  c,  taken  from  «  '    Ms  tkre*  obi^tU  ab  o.  vho—  potMom 
and  dittt  i^art  art  known. 
The  use  of  this  problem  is  more  frequent  ia  marln«  than  in  land  surveying.    It  is  ohlefly  empl^yei 

for  determlnlDg  the  posittoD  n  of  a 
boat  from  which  souadings  are  beiog 
taken  along  a  coast.  As  tbe  boat 
moves  from  point  to  point  to  take 
f^sh  soundings,  it  becomes  necesfiary 
to  make  a  fresh  observation  at  each 
point,  in  order  to  define  its  position 
on  the  chart.  An  observation  con8lBts 
in  the  meaFurement  by  a  sex t ant  of 
the  two  angles  anh,  bnc,  to  tbe  sig- 
nals a  h  e,  previously  arranged  on  the 
shore.  When  practicable,  this  method 
should  be  rejected;  and  the  observa- 
tioos  taken  to  the  boat  at  the  same 
Instant,  by  two  observers  oti  shore,  at 
two  of  the  stations.  The  boat  to  show 
a  flignal  at  the  proper  moment.  The 
mnnt  expeditious  mode  of  fixing    the 

tended  Indednitely,  on  a  pieoe  or  trans- 
parent paper.    Plaoe  the  paper  upon  the  map,  and  move  it  about  until  tbe  three  lines  pass  throufli 
the  three  stations ;  then  prick  through  the  point  n  wherever  it  happens  to  oome. 

Instead  of  the  transparent  paper,  an  instrument  called  a  ttaHonpotnUr  may  be  uasd  when  there 
are  many  points  to  be  fixed. 

But  the  position  of  the  point  n  ean  be  fbnnd  more  eorreotty  by  describing  two  circles,  as  in  Fig  If, 
••eh  of  which  shall  pass  through  n  and  two  of  the  station  points.  Tbe  question  Is  to  find  the  centers 
•  and  sof  two  suoh  cirele*.  This  is  very  simple.  We  know  that  the  angle  a  o  &  at  theeeoter  of  a  circle  is 
twice  as  great  as  any  angle  a  n  b  at  the  eircumf  of  the  same  circle,  when  both  are  nubt«nded  by  the 
same  chord  a  h.  Consequently,  if  the  angle  anh,  observed  from  the  boat,  is  say.  50<^,  tbe  angle  ae  ft 
must  be  100°.    And,  since  tbe  three  angles  <"  * '    '""''  *"  '" 

cab  and  oh  a  are 
iqual  (being  radii 
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»^ 


kd,  since  tbe  three  angles  of  every  plane  triangle  are  equal  to  180°,  the  two  angles 
re  together  equal  to  180°  —  100°  =  80°.  And,  since  the  two  sides  a  o  and  &  o  are 
of  the  same  oinle),  therefore,  the  anglee  oah  and  o  6  a  are  equal ;  and  eaoh  equal  !• 


r>int  0  of  interseotion  will  be  tbe  center  of  the  circle  a  6  n.  Proceed  in  the  same  way  with  the  ai 
It  e,  to  find  the  o«it«r  m.    TIms  th^  interseotion  of  the  two  sirolss  at  n  will  b«  the  point  souflit. 


an^ 
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Square. 


ReeUngle.        Bhombng.  BMmboid* 


B-HB 


A  PABALLKL00K4M  is  any  figure  of  four  straight  sides,  the  opposite  ones  of  wb1«h 
are  paraUel.  There  are  but  fbur,  as  In  the  above  flgir.  Tlie  Aetnbus,  like  the  rhom- 
behedron,  Fig  3,  p  195,  is  sometimes  called  **  rhomb."  In  tiie  square  and  rhombus 
all  the  foor  sides  are  equal ;  in  the  rectangle  and  rhomboid  only  the  opposite  ones 
are  equal.  In  any  parallelogram  the  four  angles  amount  to  four  right  angles,  or 
360° ;  and  any  two  diagonally  opposite  angles  are  eqiml  to  each  other ;  hepce,  having 
one  angle  given,  the  ouier  three  can  readily  be  found.  In  a  square,  or  a  rhombus,  a 
diag  divides  each  of  two  angles  into  two  equal  parts^  but  in  the  two  other  parallel- 
ograms it  does  not. 

To  flnd  the  area  of  angr  parall^ovram. 

UaUiply  any  aide,  u  S,  bt  tbe  perp  height,  or  Attt  p  to  the  oppoaHe  ride.   Or*  mtiUiply  loffetkiT 

two  Bides  and  nat  sine  of  their  included  angle. 

The  dL««  a  b  of  any  square  is  equal  to  one  aide  mult  bj-  l.lUJl ;  and  a  side  i«  eqokl  k« 
dlagoaal 
j^ji;^  ;  on  to  diag  mult  by  . 707107. 

The  side  of  a  square  equal  tn  area  to  a  tiives  elrelet  U  eqaal  to  diam  X  .M«3fT. 

The  stde  of  the  greatest  square,  that  can  b*  inscribed  in 
agi^w,  circie,  is  eqaal  to  dlau  X  -707107. 

The  ilde  of  m  flgnare  mult  by  1.51967  gives  the  nlde  of  an  equi- 
lateral tr  I  ancle  r>t  the  same  ai  en.  AU  parallelograms  as  A. 
and  C,  which  have  eqa^  bases,  a  c,  sod  eqaal  perp  heigbU  n 
c,  bftve  also  equal  areas;  aud  the  area  of  eacb  is  twice  tbat  of  a  trl* 
angle  having  the  same  base,  and  perp  height.  The  area  of  a 
square  inscribed  In  a  circle  ia  equal  to  twice  the  tquaie  of  the 
rad. 

In  every  parallelocranit  the  4  square.i  drawn  on  Us  sides  hare  a  united  area  equal  to  tbat  of 
tbe  two  aquartia  drawn  uu  iui  i  dlags.  If  a  larger  square  be  drawn  on  the  diag  a  b  of  a  iniaJler 
square,  its  area  will  be  twice  that  of  said  smaller  ^iquare.  Either  dlas  of  any  parallelogram 
diTldes  it  into  two  equal  triangles,  and  the  2  dlags  diT  It  into  4  triangles  of  eqnaJ  areas.  The  two 
dlsj^of  any  parallelogram  divide  each  other  into  two  equal  paru.  Any  line  drawn  through 
the  center  of  a  diag  divides  the  paralleloi^rani  Into  two  equal  parts. 

Semark  1.— The  area  of  any  fig  whatever  as  B  that  is  enclo»ed  by  four  straight 
IbieSf  may  be  foand  thus  :  Mult  together  the  two  diags  am,nb:  and  the  oat  sine  of  the  least  angle 
a  o  6 ;  orn  o  »»,  formed  by  their  intersection.  Dlv  the  product  by  2.  This  is  UBeful  in  land  surveying, 
when  obstacles,  as  is  often  the  case,  malce  It  difficult  to  m^sure  the  sides  of  the  fig  or  field;  while  it 
may  be  easj  to  meaaure  the  diags  :  and  after  finding  their  point  of  interaectioo  o,  to  measure  the  re- 
quired angle.     But  If  the  flg  Is  to  be  drawn,  the  parts  o  o,  o  ft,  o  n,  o  m  of  the  diags  must  also 


. _  _  ■/•tlierl 

fnuid,  when  only  the  area  and  angles  are  glTeii,lhdk :  AMime  some  parHo 
cide*  to  be  of  the  length  1 ;  and  ealcQlate  what  it*  sren  would  he  if  that  were  the  mm.    Then  m  the 
aq  rt  of  the  area  thai  found  totothUaldel,tolBtheaQrtofthe  amtud  girwi  arsis  to  Um  Mm- 
spending  aefcasl  tide  of  the  fig. 


tm.  9. -The  sides  of  a  paranelograait  trlMacle.aad  ■uusj  etlier  flgs  asarke 
id,  when  only  the  area  and  anglea  are  gtven,  thai :  AMime  some  pamearsr  ous  of  lia 
to  be  of  the  length  1 ;  and  ealcalate  what  ita  sren  would  he  if  that  were  the  mm.    Then  m  the 


On  m  iriTen  line  «9«^to  dr»flr  m  a^aiive^ 
trsviam. 

From  w  and  x,  with  rad  w  te,  deMribe  the  woe  «  r  y  and  w  r  «. 
Prom  their  Intersection  r,  and  with  rad  eqaal  to  9<  of  wa.  deeeeAs 
•  «  «.  From  w  and  x  draw  w  a  an*  •««  Un|tnii«al  te  •  «  s,  •■* 
eading  St  the  other  sroa;  jolBaw. 
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TRAFSZpII>9  AND  TmAVVZHmS. 


fi  t    »» n 


▲  trmpeioid  •  e  n  m,  ii  any  figure  with  four  itndght  lidei,  only  two  of  whteh,  u  me  and  »  *,  an 
parallel. 

To  find  tbe  are*  of  any  trapeaoid. 

Add  together  the  two  parallel  ildee,  ae  and  mn;  molt  the  ram  by  tlM  perp  dlat«<  be^  4MB 
them ;  div  the  prod  by  2.  See  the  following  rales  for  trapeiloma,  whiwi  are  all  equally  mgiA  ^^ 
to  trapesoide ;  also  see  Bemarks  after  Parallelograms. 

TRAPCZIITMS. 


^ 


A.  trapesinm  a  &  e  o,  Is  any  fig  with  four  straight  sides,  of  whiob  no  two  are  parallel. 

To  find  tbe  area  of  maw  trapesium,  havlnff^  §rlTeii  the  < 
bo,  or  a  e,  between  eitber  pair  of  opposite  anirles;  i 
tbe  two  perps,  n,  n,  fifom  tbe  otber  two  ansrles. 

Add  together  these  two  perps ;  malt  the  sam  by  the  diag;  diT  the  prod  by  2. 

HaTiMff  tbe  h»ar  aides  f  and  eitber  pair  of  opposite  angplea, 

as  a  be,  aoef  or  bao,  and  beo» 

Consider  the  trapeiiam  ae  dlrided  into  two  triangles,  in  eaeh  of  whieh  are  giren  two  sides  and  the 
inoloded  angle.  Find  the  area  of  eaeh  of  these  triangfes  as  direoted  onder  the  preoeding  head  "  Tri' 
angles."  and  add  them  together. 

HaTlnir  tbe  fonr  anirles,  and  eitber  pair  of  opposite  sides. 

Begin  with  one  of  the  sides,  and  the  two  angles  at  ita  ends.  If  the  snm  of  these  two  angles  exeeeda 
IW.  Bubtraot  eaoh  of  them  from  190°.  and  make  use  of  the  rems  instead  of  the  angles  themselrea. 
Then  oonsider  this  side  and  its  two  adjacent  angles  (or  the  two  rems,  as  the  ease  may  be)  as  thoa* 
if  a  triaagla;  and  find  iu  area  as  dlreeted  for  that  ease  mndar  the  preeeding  head  "  Triangle."  Da 
HkB  same  with  the  other  giren  side,  and  its  two  a4)aoent  angles,  (or  their  rems,  as  the  oase  may  be^) 
Babtraot  the  least  of  the  areas  tbas  found,  from  the  greatest :  the  rem  will  be  the  reqd  area. 

Aavinfr  tbree  sldes^  and  tbe  two  Included  aniri«s. 

Ifult  together  lbs  middle  sid«,  aud  one  of  tbe  adjacent  sides ;  mult  tbe  prod  by  the  uat  sine  of  their 
inoluded  angle ;  call  the  resaU  a.  Do  the  same  with  tbe  middle  aide  and  its  other  a4ja«ent  side, 
and  the  nat  sine  of  tbe  other  inoluded  angle;  call  the  result  b.  Add  the  two  angles  together ;  And 
the  diff  between  their  sum  and  \6(P,  whether  greater  or  less ;  find  the  nat  sine  of  tlus  dilT;  malt 
together  the  two  given  sides  whicb  are  ojppotitt  one  another ;  mult  the  prod  by  the  nat  sine  Just  foand ; 
eall  the  resalt  e.  Add  together  the  resulu  «  and  h ;  then,  if  the  sum  of  tbe  two  given  angles  is  I«ss 
than  180°,  subtract  e  from  the  sum  of  a  and  6 ;  half  tbe  rem  will  be  tbe  area  of  the  trapesium.  Bnt 
If  the  sum  of  the  two  given  angles  be  greater  than  180°,  add  together  tbe  three  results  a,  h,  and  c: 
kmlf  their  sam  will  be  the  area. 

Aavlnip  tbe  two  dlagponals,  and  eitber  anf^le  formed  by  tbeir 
intersection. 

See  Bemarks  after  Parallelograms. 
In  railroad  measurements 

Of  excavation  and  embankment,  tbe  trapesism 
imno  frequently  ooours ;  as  well  as  the  two  5-sided 
figures  i  m  »  0  <  and  i  m  n  e  « ;  in  all  of  which  m  n 
represents  the  roadway ;  r;r  c,  and  r  t  the  center- 
depths  or  heights ;  I  «  and  o  v  the  side^depths  er 
heigbu,  as  given  by  the  level;  Im  and  n o  the  sida- 
elopee. 

The  same  general  rule  for  area  applies  to  all  three 
of 'these  figs;  namely,  mult  tbe  extreme  hor  width 
«  V  by  half  the  center  depth  r  «,  r  e.  or  r  (,  as  the 
case  may  be.  Also  mult  one  fowfk  of  the  width  of 
roadway  m  n,  by  the  turn  of  tbe  two  side-depths  I  u 
and  o  «.  Add  the  two  prods  together ;  the  sum  is  tbe 
reqd  area.  This  rule  applies  whether  the  two  dde- 
•lepes  M I  and  M  o  have  the  same  angle  of  IneUnation  or  Dot.  In  ratlroad  work,  •!•.•  tke  mli- 
way  hor  width,  center  depth,  and  side  depths  of  a  prismold  are  respectively  ■■  Tb«  half  ■«■•  •! 
Ihe  corresponding  end  ones,  and  thns  can  be  found  without  actual  measurement. 
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To  drmw  ik  liexsffon,  «acli  Hide  of  whieb  alMill 
he  eqoM  to  m  vlven  Itnet  «  fr. 

Prom  a  and  >,  viib  rad  a  ft,  deseribe  the  two  ares;  from  their  InterMotloB, 
I.  with  the  tame  rad,  deseribe  a  oireie;  aroond  (he  ebemaf  ef  which,  ate^  off 
Iheaamerad. 

Side  of  a  hexagon  —  im  X  ^7735. 


T»  draw  an  oetayon*  wltb  each  aide 
equal  to  a  ylven  llne»  e  e. 

From  c  and  «  draw  twoperps,  cp, «».  Al«o  proloag  o a  toward 
/  and  g:  aod  fh>m  o  and  e,  with  rad  equal  e  e,  draw  tho  two 

yiadraots ;  and  find  their  oentera  h  h :  join  c  k,  and  a  h ;  draw 
»  and  h  t  parallel  to  e  j» ;  and  make  each  of  tbem  equal  to  e  a; 
make  c  o,  and  a  o,  eaeh  equal  to  A  A ;  Join  o  o,  o  a,  and  o  I. 

Side  of  an  oetaffon  ^nnX  .41421354. 


Vo  draw  an  oetaffon  In  a  ylv«m  square* 

Trom  eaeh  corner  of  the  equare.  and  with  a  rad  equal  to  half  ita  dlaf, 
deecribe  the  fonr  area;  and  join  the  pointa  at  which  tbej  cot  the  aides  of  the 
square. 

To  draw  any  reynlar  poiycony  with  eaeb  tide 
equal  to  «a  tu 

Dtr  980  degrees  hf  the  anmber  of  side*;  take  the  quot  trttm  180°;  div  the 
tembyt.  Tbia  will  t*^  the  angle  em«,  ore  hi*.  Aim  and  «lajr  down  these 
•ngles  bjT  a  protraetor:  the  sides  of  these  angles  wUI  meet  at  |t  point,  e.  ft>om 
which  deseribe  the  circle  m  »  y ;  and  are«A4  iu  drmtrnf  attp  eff  dlsu  eq^  it 
mn. 

In  any  circle,  m  n  v,  to  draw  any  rei^ular 
»iy 


polygon. 

BiTSeOO'bj  the nambwof  sides ;  the<^uot  will iMtheanfile  me«.af  theeenter. 


—  —   _, ^;tneqi]   , 

Lay  off  this  angle  by  a  protraetor ;  and  its  chord 
•tep  off  around  Uar^lrcumf. 


be  one  side ;  which       W^'"*— ^^ 

To  reduce  any  polytron,  as  «  &  « «f  efd,  to  a  triangle  of  tba 


Ir  we  predeee  the  side /a  toward  w;  and  draw  h  9  parallel  to  a  e,  and  join  g  e,  we  get  equal  trl> 
Angles  a  e'b,  and  a  eg,  both  on  the  same  base  a  e :  and  both  of  the  same  perp  height,  inssmuch  aa 
they  are  between  the  two  parallels  a  e  and  g  6.  But  tbs  part  aei  forms  a  portion  of  both  these  trt* 
ftn^ee,  or  in  oth«  werda,  is  eoaiaw  (e  both.  TberefoM.  if  it  be  taken  away  from  both  triangles^ 
She  remaining  paru,  <  e  b  of  one  of  them,  and  1 1^  •  of  the  other,  are  also  equal.  Therefore,  if  the 
part  <  e  6  be  left  off  from  the  polycon,  and  the  part  <  9  a  be  taken  late  it,  the  polygon  g/t4eig  will 
hare  the  same  area  as  «/s  d  e  b  a }  but  it  will  have  but  five  sides,  while  the  eiher  has  six.  Again, 
If  as  be  drawn  parallel  to  <!/,  and  d«  joined,  we  have  upon  tbe  same  base  ««,  aud  between  the  asms 
parallels  e  s  and  df,  tbe  two  equal  triangles  •td,  and  as/,  with  the  part  «  o  «  common  to  both ;  and 
eousequently  the  remaining  part  S  0  d  or  one,  and  o  «/  of  the  other,  are  equal.  Therefore,  if  0  «/  be 
left  off  from  the  polygon,  aud  s  0  d  be  taken  into  it,  tbe  new  polygon  9  s  d  e  ^,  Pig  2.  will  have  the  ssnie 
s  as  0/s  d  e  ir;  but  it  has  but  fonr  aldea,  while  tbe  other  haa  ftve.  PInaily,  if  g  $,  Pig  2.  be 
tnded  toward  n;  and  d  m  drawn  parallel  to  c  s;  and  e  »  joined,  we  have  on  the  same  base  e«,and 


tKtween  the  aaase  parallels  es  and  dn,  tbe  two  equal  triangles  c«n,and  csd,  with  the  part  c  s  I 
common  to  both.  ThcreCsre,  if  we  leave  out  cdt,  and  take  itt.s  <  n,  we  have  the  triangle  f  n  e eqoal 
to^he  polygon  9  •  .<*  ^?i  ?i?.JIi.?^.'?_"j(^.f.f.*  *JS  JT."*  i:._. ,  _.^„ 
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„.  ...e  polygon  0 ,.--.-,-, .      _ 

This  simple  method  is  applicable  to  polygons  of  any  number  of  aides. 
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POLTOOHB. 


To  reduce  a  larye  flfr« abed efg, to  a  amaller 


From  •ay  ioterior  point  o,  wbioh  bod  better  be  near  the  eenter,  Armw  linea 
to  all  tbe  ancles  a,  &.  e,  Ao.  Join  theae  lines  by  others  parallel  to  tbe  sides 
of  the  fit*  "  *'  should  be  reqd  to  enlarge  a  small  fig.  draw,  from  any  point 
o  irilhin  it,  lines  extending  beyond  iu  angles ;  and  Join  these  lines  by  others 
parallal  to  the  sides  of  the  small  fig. 


To  redace  a  map  to  one  on  a  smaller  seale. 

The  best  method  is  by  dividing  tbe  large  map  into  squares  by  faint  lines,  with  a  very  soft  lotA 
pencil;  and  then  drawing  tbe  reduoed  map  npon  a  sheet  of 
smaller  Moares.  A  pair  of  proportienal  dividers  will  assist 
much  in  fixing  points  Intermediate  uf  tbe  sides  of  tbe  squares. 
If  the  large  map  would  be  injured  by  drawing  and  rubbing 
•n*  the  Hnarea,  threads  may  be  stretohed  across  it  to  form  tbe 
squares. 


In  a  rectansrnlar  fl|r,  ghsd, 

Beprennttng  an  open  panel,  to  find  tbe  pofaite  •  o  e  o  in  111 
sides ;  and  at  equal  dista  from  the  angles  g,  and  « ;  for  inserting 
a  diag  piece  o  o  o  o,  of  a  given  width  1 1,  measured  at  right 
angles  to  its  length.  From  a  and  «  as  centers,  describe  several 
eonoentrle  arcs,  as  in  the  Fig.  Draw  upon  transparent  paper, 
two  parsltel  lines  a  a,  e  e,  at  a  distance  apart  equal  to  {  t:  and 

Slaeing  these  lines  on  tep  of  the  panrt,  move  them  about  until  it 
I  shown  by  the  arcs  that  the  four  dists  g  o,  go,  a  o,  $  o,  are 
equal.  Instead  of  tbe  transparent  paper,  a  strip  of  common 
paper,  of  the  width  1 1  may  be  used. 

Rem.  Many  problems  wbioh  would  otherwise  be  very  diflBcult. 
BMj  be  thus  solved  with  an  seouraoy  sufficient  for  practical 
purposes,  by  means  of  trannparent  paper. 

To  And  the  area  of  an  j  irrefralar  poly* 

g^on,  a n6e«n. 

Div  it  into  triangles,  as  anb^ame,  and  •  &  c ;  in  each  of 
which  find  the  perp  dist  o,  between  Ita  base  a  6,  « <s,  or  6  e;  aad 
the  opposite  angle  n,  m,  or  •;  mult  each  base  by  its  perp  disti 
add  all  the  prods  together ;  div  by  2,  , 

To  find  approx  tlie  area  of  a  lon|r  tv* 

regp  Ular  S^,  nmabed.    Between  its  ends  ab,oM, 


■pace  off  saual  dists,  (the  shorter  they  are  the  more  accurate  wiU  be  the  result,)  through  which 
draw  the  intermediate  parallel  lines  1.  2,  S,  Ac,  across  the  breadth  of  the  fig.  Measure  the  lengths 
of  these  intermediate  lines  ;  add  them  together :  to  the  sum  add  MT  t^«  •»«  »'  ','»«  *7°  end  breadths 
a  b  and  e  d.  Mult  the  entire  sum  by  one  of  tbe  equal  spaces  between  the  parallel  lines.  The  prod 
will  he  the  area.  This  rule  answers  as  well  if  either  one  or  both  the  ends  terminate  in  points,  as  at  «• 
and  n.  In  the  last  of  theae  cases,  both  a  b  and  c  d  will  be  included  In  tne  intermediate  linos ;  ftnd 
half  the  two  end  breadths  will  be  0,  or  nothing. 

To  find  tbe  area  of  any  irregrnlar  fiirnre. 

Draw  around  it  lines  which  shall  enclose  within  them  (as  nearly  as 
ean  be  Judged  by  the  eye)  as  much  space  not  belonging  to  the  fisure  as 
they  exclude  space  belonging  to  it.  The  area  of  tbe  simplified  flgnro 
thus  formed,  being  in  this  -manner  rendered  equal  to  that  of  the  com- 
plicated one,  may  be  calculated  by  dividing  it  into  triangles,  Ac.  By 
using  a  piece  of  fine  thread,  the  proper  position  for  the  new  bonndarj 
lines  may  be  found,  before  drawing  them  in. 

Areas  of  irregular  figures  may  be  found  T 


d  fk^m  a  drawing,  by  loyIi\| 

.  „...._ r-r- .- - J'  ••••»  of  *fiT««»  •«•»  •»!  W 

fl.  eaeh ;  and  I7  ftrst  counting  the  whole  squares,  and  then  adding  Iho  fhMtions  of 


rn  ft  o  i»leee  of  transparent  paper  carefully  ruled  into  smaU  squares, 
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CIBCIiES. 

4  olrelK  la  tli«  srM  lod«idad  wlOitii  n,  oarV«d  Him  of  laA  •  oli«rtetM>  that  Bfwj  point  In  ft  It 
«qaaUj  dUunt  from  * otrtain  point  wtthin  It.  oiUM  it*  oeater.  Tbe  carred  Hat  itaelf  U  ealled  th« 
oirounferooeo,  or  peripberj  of  the  oirale;  or  vny  commonly  It  U  ctOled  tta«  cirel*. 

To  find  tbe  circnmferenee. 

If  nit  diam  by  S.lilt,  whleh  giVM  too  moeh  hj  only  .148  of  an  Inch  In  •  mil*.  Or,  as  IIS  Is  to  SSI 
M  Is  diam  to  eircnmf ;  too  grsat  1  inob  In  18S  wU^.  Or*  mnU dlaa  by  I^i  too  gvoat  by  abont  1 
partinS486.    Or,  molt  arM  by  lt.6«S,  and  tak*  sq  root  of  prod. 


To  find  the  dtoni. 

DiT  the  ttrenrnf  by  S.1416 ;  or,  af  S85  Is  to  IIS,  so  is  oirenrnf  to  diam ;  or,  molt  the  eirenmf.  by  7: 
nod  diT  the  prod  ton,  wUeh  gives  the  diam  toe  sanU  by  only  abont  one  pert  In  MM;  er,mnitthe 
area  by  l.tni;  and  take  the  sq  rt  of  the  prod. 

The  diam  is  to  the  ciroomf  more  exaotly  as  1  to  8.141S0385. 

To  find  the  »ren  of  m  circle. 

Square  the  dtam;  molt  tbia  nqnare  by  .TSM;  or  more  aoourately  by  .T85S961S:  er  square  the  eir- 
enmf; mnlt  this  square  by  .07958 :  or  more  aeonratelr  by  .07i»57747 :  or  mult  half  the  diam  by  half  the 
eireumf ;  or  refer  to  the  following  Uble  of  areas  of  eiroles.    Also  area  =:  sq  of  md  X  t.14l6. 

The  area  of  a  oirole  is  to  the  area  of  any  olrcnmsorlbed  stralgbt-slded  flf ,  as  the  oironmf  of  the 
eirele  is  to  tbe  ctrcumf  or  periphery  of  the  fig.   The  area  of  a  square  inseribed  in  a  oirole,  le  equal  to 


twice  tbe  square  of  tbe  rad.    Of  a  cirole  in  a  Muare, 

It  is  eon  venieot  to  remember,  in  rounding  off  a 
a  circle,  that  the  shaded  area  a  be' 
whole  square  «  i  e  <i. 


square  X  .78(4. 


onndingoffasquareoomer  aftst  by  aqn*rterof     j 
is  equal  to  about  1  pan  (correctly  .2146)  of  the    " 


To  find  the  diam  of  h  circle  equal  In  area  to  a  ^l^^n  sqnare. 

MuH  one  side  of  the  square  by  1.12838. 

To  find  tiie  rad  of  a  circle  to  clrcnmacrlbe  a  irlven  sqaare. 

Mnlt  one  side  by  .7071 ;  or  Uke  H  tbe  diag. 

To  find  tbe  side  of  a  square  equal  In  area  to  a  siven  circle. 

Mult  the  diam  by  .88628. 

To  find  the  side  of  the  greatest  square  In  a  ylven  circle. 

Unit  diam  by  .7071.    The  area  of  the  grestem  square  that  can  be  inscribed  in  a  eirele  is  equal  to 
twioe  the  square  of  the  rad.  Tbe  diam  X  by  1.3468  gives  the  side  ofan  eqeilateral  triangle  of  equal  aren. 


To  find  the  center  e,  of  a  iplTen  circle. 

Draw  any  chord  a  b ;  and  from  the  middle  of  it  o,  draw  at  r*f ht  anglea  ti 
it,  adiam  d^;  find  the  center  c  of  this  diaos. 


11 


To  describe  a  circle  throu§rh  anj-  three 
points,  a  be,  not  In  a  stralirbt  line. 

Join  the  points  by  the  lines  ab,be;  from  tbe  centers  of  these  lines  draw 
the  dotted  perps  meeting,  as  at  o,  which  will  be  the  center  of  tbe  circle. 
Or  from  b,  with  any  convenient  rad.  draw  the  arc  m  n;  and  from  a  and  e, 
with  the  name  rad,  draw  area  y  and  sr;  then  two  linee  drawn  through  tbr 
Intersections  of  these  arcs,  will  meet  at  the  oenter  o. 

To  descrllM^  a  circle  to  touch   the  three 
aiiffles  of  a  triangle  b  plainly  tbe  same  as  this. 
To  inscribe  a  circle  in  a  triansrle  draw  two  lines 

bisecting  any  two  of  tbe  angles.    Where  these  linee  meet  \n  (be  oenter  of 
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To  df»w  a  tantr^nt^  iei,to  m  elrele,  Apom  any 
giwewk  i^lnt,  e,  in  its  etreamf. 

Through  the  oonter  n,  and  the  given  point «,  drav  n  o ;  make  «  o  equal  m 
e  n :  (nok  n  and  o,  with  any  rad  greater  than  half  of  o  n,  describe  the  twe 
pairs  of  aro  <  <;  Join  their  intersecUoni  i  U 

Here,  and  in  the  following  three  figs,  the  tangetUt  are  ordinary  or  aeo- 
NMlHcal  one* ;  and  may  eud  where  we  please.  But  the  (r^rofiom«(ricaf 
tan^ut  of  a  given  angU,  moat  end  in  a  aeeant. 

Or  Arom  e  lay  off  two  equal  diatances  ec,et;  and  draw  i  i 
parallel  to  e  (. 

To  draw  a  tang-^  a  9  b,  to  a  circle*  fk^m  a  polnt« 
a,  wlUch  Is  ontside  of  tbe  circle. 

Draw  a  e,  and  on  it  describe  a  semicircle;  through  the  intersectioii, «,  dratif 
a$b>    Here  0  i«  (he  eenter  of  the  circle. 


To  draw  a  tang,  g  h,  ttom  a  circular  arc,  ffae. 

Of  which  n  a  is  the  rise.    With  rad  g  a,  describe  an  are,  tao.     Make  (  6 
equal  to  «  a.    Through  (  draw  g  h. 


To  draw  a  tanff  to  two  circles. 

First  draw  the  Hne  m  n,  just  (ouohing  the  two 
tlroles ;  this  gives  the  direction  of  tbe  tang.  Then 
from  the  centers  of  the  circles  draw  the  radii,  o  o,  perp 
to  m  n.  The  pointa  1 1  are  the  tang  polata.  If  tbe 
tang  is  in  the  position  of  the  dotted  line,  »g,  the  ope> 
imtion  is  the  siMue. 


If  any  two  diords,  as  a  b,  o  c,  cross  each  otber, 

then  aaon:nb::an:nc.  Hence,  nbXan=^onXnc.  That 
is,  tbe  product  of  the  two  parts  of  one  of  the  lines,  is  >»  Ux9  pro* 
duct  of  the  two  parts  of  the  other  line. 
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Difim«tcr»  In  milts  and  «li^tha,  4toc. 


•-Diam. 

|C,r.„a.r. 

Area. 

Oiam. 

Oirouiaf. 

A»». 

Dl»m. 

Clronmf. 

Area. 

Diam. 

Circumf. 

Ar»», 

1-KH     .019087 

.00019 

r~M 

10.9956 

9.6211    10  H 

"suaoir 

80.516 

19  H 

60.4757 

291.04 

1-:J2 

.098175 

.00077 

9.H 

11.1919 

9.96781       M 

32.2013 

82.516 

60.8684 

294.83 

364 

.147262 

.0.)173 

H 

11.3883 

10.321 

% 

82.5940 

84.541 

J^ 

61.2611 

298.61 

1-16 

.196350 

.oo;j07 

11-16 

11.5846 

10.680 

H 

32.9867 

86.590 

H 

61.6538 

302.49 

3-32 

.294524 

.00890 

H 

11.7810 

11.045 

il 

33.3194 

88.664 

62.0485 

306.35 

.¥ 

.392699 

.01227 

13-16 

11.9773 

11.416 

33.7721 

90.763 

K 

62.4392 

310.24 

5-32 

.490874 

.01917 

15-?6 

12.17.17 

11.793 

H 

34.1648 

92.886 

20. 

62.tKll» 

314.1« 

3-16 

589049 

.02761 

12.3700 

12.177 

n 

34.5575 

95.033 

6:i.2246 

318.10 

7-32 

.687223 

.03758 

4. 

12.5664 

12.566 

H 

34.9502 

97.205 

% 

63.6173 

322. 0« 

-?^ 

.785398 

.04909 

1.16 

12.7627 

12.962 

35.3429 

99.402 

64.0100 

326.06 

9-32 

.881573 

.06213 

H 

12  9591 

13.364 

35.7356 

101.62 

u 

64.4026 

330.06 

'     5-16 

.981748 

.07670 

3-16 

13.1554 

13.772 

l^ 

36.1283 

103.87 

N 

64.7953 

334.10 

11-32 

1.0T992 

.09281 

li 

13.3518 

14.186 

n 

36.5210 

106.14 

H 

65.1880 

338.1* 

,.  '^ 

1.17810 

.11015 

5-16 

13.5481 

14.607 

36.9137 

J  08.43 

•u 

65.5807 

342.25 

lS-3i 

1.27627 

.129li2 

% 

13.7445 

15.033 

K 

37.3064 

110.75 

21. 

a5.9734 

346.36 

7-J6 

1.37446 

.150.i:j 

7-16 

13.91138 

15.466 

12. 

37.6991 

113.10 

H 

66.3661 

350.50 

14-32^   1.17262 

.17257 

H 

14.1372 

15.904 

^ 

38.0918 

115.47 

66.7588 

354.66 

H     1  57080 

.19*15 

9-16 

14.3335 

16.349 

1^ 

38.1845 

117.86 

H 

67.1515 

358.84 

l7-32     1.66897 

.22i6S 

H 

U.5299 

16.800 

% 

38.8772 

120.28 

H 

67.5442 

363.05 

9-16     1.76715 

.24850 

1M(> 

14.7262 

17.257 

H 

39.2699 

122.72 

% 

67.9369 

367.28 

19-32     1.86532 

.27(W8 

H 

14.9226 

17.721 

H 

39.6626 

125.19 

H 

68.3296 

371.54 

H\    196350 

.30(Hll 

13-16 

15.1189 

18.190 

H 

40.0553 

127.68 

% 

68.7223 

375.88 

H-32i   2.06167 

.33824 

H 

13.3153 

18.665 

y^ 

40.4480 

130.19 

22 

69.1150 

380.18 

11-16 ;   2.1.5984 

.37122 

15- 16 

15.5116 

19.147 

13. 

40.8107 

1.32.73 

69.5077 

384.44 

23  32     2.25802 

.40574 

»!.,« 

15.7080 

19.635 

H 

41.2334 

135.30 

1/ 

69.9004 

388.82 

H\   2.35619 

.44179 

15.9013 

10.129 

41.6261 

137.89 

?■ 

70.2931 

393.20 

S5-32!  2.ibm 

.47937 

H 

16.1007 

10.629 

% 

42.0188 

140.50 

H 

70.6858 

397.61 

18  161   2.55254 

.51849 

3-16 

16.2970 

11.135 

H 

42.4115 

143.14 

H 

71.0785 

402.04 

37-32 

2.65072 

.55914 

y* 

16.4934 

21.648 

4''.8012 

145.80 

H 

71.4712 

406.49 

^^ 

2.74889 

.60n2 

5-16 

16.6397 

12.166 

H 

43.1969 

148.49 

% 

71.8639 

410.97 

29-82 

2.8470T 

.64,)04 

H 

16.8861 

12.691 

% 

43.5896 

151.20 

23.^ 

72.2566 

415.48 

1516 

2.94524 

SWi^ 

7-16 

17.0824 

18.221 

14. 

43.9823 

153.94 

H 

72.6493 

420.00 

31-32 

3.04342 

.7370y 

H 

17.2788 

18.758 

H 

44.3750 

156.70 

73.0420 

424.56 

1-,  ,- 

3.14159 

.78540 

9-16 

17.4751 

24.301 

^ 

44.7677 

159.4« 

% 

73.4347 

429: 18 

1-16    3.33794 

.88664 

H 

17.6715 

14.850 

45.1604 

162.30 

H 

73.8274 

433.74 

Ji'   3.53429 

.99402 

U-16 

17.8678 

15.406 

H 

45.5531 

165.13 

H 

74.2201 

438.36 

3 -16     3.73064 

1.1075 

H 

18.0612 

15.967 

H 

45.9458 

167.99 

74.6128 

443.01 

u!   3.92699 

1.2272 

13.16 

18.2605 

16.535 

H 

46.3385 

170.87 

k 

75.0055 

.447.69 

5-16     4.12334 

1.3530 

K 

18.4569 

17.109 

% 

46.7312 

173.78 

24.^ 

75.3982 

452.39 

%  '   4  31969 

1.4849 

15-16 

18,6532 

17.688 

15. 

47.1239 

176.71 

H 

75.7909 

457.11 

7-16     4.51604 

1.6230 

«. 

18.8496 

18.274 

H 

47.5166 

179.67 

H 

76.1836 

461.8C 

\i     4.71239 

1.7671 

H 

19.2423 

29.465 

Va 

47.9093 

182.65 

% 

765763 

466.64 

9-16     4.90874 

1.9175 

H 

19.6350 

80.680 

48.3020 

185.66 

H 

76.9690 

471.44 

^     5.10509 

2.0739 

H 

20.0277 

81.919 

^ 

48.6917 

188.69 

H 

77.3617 

476.26 

11-16     5.30U4 

2.2365 

H 

20.4204 

83.183 

% 

49-0874 

191.75 

% 

77.7544 

481.11 

H     5.49779 

2.4053 

% 

20.8131 

84.472 

H 

49.4801 

194.83 

H 

78.1471 

485.91 

U-16     5,69414 

2.5802 

% 

21.2058 

35.785 

% 

49.8728 

197.93 

25, 

78.5398 

490. 8T 

J<     5.89049 

2.7612 

% 

21.598» 

37.122 

16. 

50.2655 

201.06 

H 

78.9325 

495.79 

15-16    6.08684 

2.9483 

7. 

21.9911 

38.485 

H 

50.65S2 

204.22 

H 

79.3252 

500.74 

a.        1   6.28;il9 

3.1416 

H 

22.3.838 

39.871 

H 

51.0509 

207.39 

H 

79.7179 

505.71 

1-16'   6.47a-)3 

3.3410 

22.7765 

41.282 

H 

51.4436 

210.60 

H 

80.1106 

610.71 

H     6.67588 

3.5466 

y» 

23.1692 

42.718 

H 

51.8363 

213.82 

% 

80.50.33 

515.72 

3-16     6.87223 

3.7583 

H 

23.5619 

44.179 

H 

52.22!>0 

217.08 

% 

80.8960 

520.77 

W     7.06858 

3.9761 

% 

23.9546 

45.66* 

H 

52.6217 

220.35 

)i 

81.2887 

525.84 

5  16     7.26493 

4.2000 

H 

24.3473 

47.173 

H 

53.0144 

223.65 

26.^ 

81.6814 

530.M 

H     7.46128 

4.4.301 

H 

24.7400 

48.707 

17. 

53.4071 

226.98 

% 

82.0741 

536.05 

7-16     7.65763 

4.6664 

8. 

25.1327 

50.265 

H 

.53.7998 

2.30.33 

M 

82.4668 

541.19 

H     7.85398 

4.9087 

H 

25.5254 

51.849 

.54.1925 

233.71 

% 

82.8595 

546.36 

».16     8.05033 

5.1571 

H 

25  9181 

53.456 

H 

54.5852 

237.10 

H 

83.2522 

551.55 

m   8.24K68 

5.4119 

H 

26.3108 

55.088 

14 

54.9779 

240,53 

83.6449 

656.76 

11-16     8.4W03 

5.6727 

M 

26.7035 

56.745 

H 

55.3706 

243.98 

% 

84:0376 

562.00 

^     8.63938 
13- 1 S     8.83.>73 

5.9396 

H 

27.0962 

58.426 

H 

55.7633 

247.45 

M 

84.4303 

667.27 

6.2126 

H 

27.4889 

60.132 

% 

56.1560 

250.95 

27. 

84.8230 

572.5« 

J4     9.03208 

6.49l« 

h 

27.8816 

61.862 

18. 

56.5487 

254.47 

H 

85.2157 

677.87 

15-16     9.22843 

6.7771 

9. 

28.2743 

63.617 

H 

56.9414 

258.02 

H 

85.6084 

583.21 

J.        1   9.42478 

7.0686 

H 

28.6670 

65.397 

57.3341 

261.59 

% 

86.0011 

588.57 

l-ie'   9.62113 

7.3662 

H 

29.0597 

67.201 

Yt 

57.7268 

265.18 

H 

86.39.38 

593.96 

H     9.81748 

7.6699 

H 

29.4,524 

69.029 

^ 

58.1195 

268.80 

86.7865 

599.37 

3-16  10.0138 

7.9798 

H 

29.8451 

70.882 

% 

58.5122 

272.45 

a 

87.1792 

104.81 

M  10.2102 

8.2958 

H 

30.2378 

72.760 

H 

58.9049 

276.12 

H 

87.5719 

610.27 

»- 16. 10.4065 

8.6179 

H 

30.6305 

74.662 

H 

59.2976 

279.81 

28.^ 

87.9646 

615.75 

H;  10.6029 

8.9462 

% 

31.0232 

76.589 

19. 

59.6903 

283.53 

H 

88.3573 

621.26 

MSi 

10.7992 

9.2806 

10. 

31.4159 

78.540 

H 

60.0830 

287.27 

H 

88.7500 

626.M 
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TABIiB  1  OW  OIBCKUMCibiitinned). 
Biftmetors  in  aiiita  and  elyb^bv^  *«• 


Diaui. 

Clrcumf. 

Area. 

Diaoi. 

Cirouraf. 

Area. 

Diam. 

Clrcumf. 

Area. 

Dlam. 

Clrcumf. 

Arw 

SSH 

89.1427 

632.36 

38. 

119,381 

1184,1 

ilH 

149.618 

1781.4 

57M 

179.856 

2574 

H 

89.5354 

637.94 

^ 

119.773 

1141.6 

H 

150.011 

1790.8 

% 

180.249 

2585. 

H 

89.y'2«l 

643.55 

H. 

120.166 

1149.1 

K 

150.404 

1800.1 

H 

180.642 

2596 

H 

90.3208 

649.18 

Yi 

120.569 

1156.6 

48^* 

150.796 

1809.6 

,*5^ 

181.034 

2608 

% 

90.71.H6 

654.b4 

H 

120.951 

1164.2 

H 

151.189 

1819.0 

H 

181,427 

2619 

St. 

91.1062 

660.52 

% 

121.344 

1171.7 

151.582 

1828  5 

% 

181,820 

2680 

% 

91.*989 

666.23 

H 

121.737 

1179.3 

% 

151.975 

1837.9 

58. 

182.2)2 

2642 

i 

91. 891 « 

671.96 

% 

122.129 

1186.9 

^ 

152.367 

1847.5 

H 

182.605 

2653 

.    H 

92.2843 

677.71 

39. 

122.522 

1194.6 

H 

152.760 

1857.0 

M 

182.998 

2664 

H 

92.6770 

683.49 

H 

122.915 

1202.3 

H 

153.153 

1866.5 

% 

183.390 

2676 

^ 
i 

93 .0697 

689.30 

H 

123..S08 

1210.0 

H 

153.546 

1876.1 

H 

183.783 

2687 

93.4624 

695.13 

123.700 

1217.7 

49. 

153.938 

1885.7 

N 

184.176 

2699 

H 

93.8551 

700.98 

H 

124.093 

1225.4 

H 

154.331 

1895.4 

'\ 

184. ,569 

2710 

SO. 

94.2478 

706.86 

% 

124.486 

I^33,2 

h 

154.723 

1905.0 

5^ 

1M.J61 

2T22 

H 

94.6105 

712.76 

% 

124.878 

1241.0 

% 

155.116 

1914.7 

185.354 

2734. 

3i 

95.0332 

718.69 

H 

125.271 

1248.8 

H 

155.509 

1924.4 

H 

185.747 

2745 

'   H 

95.4269 

724.64 

40 

125.664 

1256.6 

% 

155.902 

1934. 2 

k 

186.139 

2767. 

H 

95.8186 

730.62 

H 

126.056 

1264.5 

% 

I56.2S4 

1943.9 

h 

186.632 

2768 

96.2113 

73C.62 

U 

126.449 

1272.4 

K 

156.687 

1953. 7 

h 

186.925 

2780 

96.6040 

742.64 

% 

126.842 

1280.8 

50. 

167.080 

1963.5 

H 

187.317 

2792 

li 

96.9967 

748,69 

H 

127.235 

1288.2 

H 

157.472 

1973.8 

H 

187.710 

•pm 

"*!. 

97.3894 

754.77 

% 

127.62T 

12%.  2 

H 

157.866 

1983.2 

K 

188.103 

2815 

H 

97.7821 

760.87 

% 

128.020 

1304.2 

% 

158.268 

1993.1 

60 

188,496 

2827 

98.1748 

766.99 

% 

128.413 

1312.2 

H 

158.650 

20030 

H 

188.888 

2839 

98.5675 

773.14 

41. 

128.805 

1320.3 

% 

159.043 

2012.9 

y* 

189.281 

2861 

^ 

98.9602 

779.31 

H 

129  198 

1328.3 

% 

159.436 

2022.6 

H 

189674 

2862 

H 

99.3529 

785.51 

H 

129.591 

1336.4 

K 

159.829 

2032.8 

Jl 

190.066 

•^n 

^ 

99.7456 

791.73 

% 

129.983 

1344.5 

51. 

160.221 

2042.8 

% 

190.459 

2t<86 

H 

100.138 

797.^8 

H 

130.376 

1352.7 

H 

160614 

2052.  D 

% 

190.852 

2898 

p. 

100.531 

804.23 

H 

130.769 

1360.8 

yi 

161.007 

2062.9 

}i 

191.244 

2910 

.   « 

100.924 

810.54 

.  % 

131.161 

1369.0 

% 

161.399 

2073.0 

61. 

191.6.37 

2»22 

101.316 

816.86 

h 

131.654 

1377.2 

H 

161.792 

2083.1 

H 

192,030 

2934 

M 

101.709 

823.21 

42. 

131.947 

1385.4 

% 

102.186 

2tt93.2 

H 

192.423 

2946 

M 

102.102 

829.58 

H 

132.340 

1393.7 

H 

162.577 

2103.3 

% 

192.815 

2968 

N 

102.494 

835.97 

H 

132.732 

1402.0 

% 

14J2.970 

2113.6 

H 

19;^,208 

2970 

« 

102.867 

842.39 

% 

133.125 

1410.3 

61. 

163.363 

2123.7 

H 

193.601 

2982 

H 

103.280 

848.83 

.  H 

133.518 

1418.8 

H 

163.706 

2133.9 

H 

193.993 

2994 

•8. 

io:j.673 

855.30 

H 

133.910 

1*27.0 

164,148 

2144.2 

K 

194.386 

3006 

» 

104.C65 

861.79 

H 

134  303 

1435.4 

% 

164.541 

2154.5 

62. 

194.779 

3019 

104.438 

868.31 

H 

134.696 

1443.8 

yi 

164.934 

2164.8 

H 

195.171 

3031 

101.851 

874.85 

43 

135.088 

1452.2 

'% 

165.326 

2175.1 

H 

195.564 

3043 

^ 

105.243 

881.41 

H 

135.481 

1460,7 

H 

165.719 

2186,4 

h 

195.957 

3065 

105.636 

888.00 

yi 

135.874 

1 469.1 

K 

166.112 

2195-8 

H 

196.360 

3068 

% 

106.029 

894.62 

% 

136.267 

14T7.6 

58. 

166.504 

2206.2 

196.742 

3080 

•u 

106.421 

901.28 

136.659 

1486.2 

166.897 

2216,8 

197.1,35 

;»92 

ti. 

106.814 

907.92 

% 

137.052 

1494.7 

% 

167.290 

2'm.O 

K 

197.528 

3104 

H 

107.207 

914.61 

% 

137.445 

1503.3 

167.683 

2237,5 

63. 

197.920 

3117 

Ji 

107.600 

921.32 

% 

137.837 

1511.9 

^ 

168,075 

2248.0 

H 

198.313 

31'^ 

S 

107.992 

928.06 

44. 

138.230 

1520.5 

% 

168.468 

2258.5 

198.706 

3142 

108,385 

934.82 

H 

138.023 

1529.2 

H 

168.861 

2269.1 

199.098 

3154 

108.778 

941.61 

^ 

139.015 

1537.9 

% 

169.253 

2279.6 

yk 

199.491 

3166 

109.170 

948.42 

139.408 

1546.6 

54. 

169,646 

2290.2 

fi 

199.884 

3179 

K 

109.563 

955.25 

H 

139.K)i 

1555.3 

H 

170  039 

230-3.8 

200.277 

3191 

s*. 

109.956 

962.11 

% 

140.194 

1564,0 

It 

170.431 

2311.5 

% 

200.6(i9 

3204 

H 

110.348 

969.00 

H 

140  586 

1572,8 

170.824 

2322,1 

64. 

201.062 

31' 17 

110,741 

975.91 

% 

140.979 

1581,6 

% 

171,217 

2332.8 

H 

201.456 

3229 

% 

111.134 

982.84 

45. 

141. .172 

1590.4 

% 

171.609 

2343.5 

201.847 

3242 

'   « 

111.527 

9H9.80 

H 

141.764 

1599.3 

H 

172.002 

2354.8 

202.240 

3254 

i 

111.919 

996.78 

142.157 

1608.2 

H 

172,395 

2366.0 

j«i 

202.633 

3267 

1 12.312 

1003.8 

% 

142.550 

1617.0 

55. 

372.788 

2375.8 

ij 

203.025 

3*280 

» 

112.705 

1010.8 

1^ 

142.942 

1626,0 

H 

173. 180 

23S6.« 

203.418 

3-J02 

i«. 

113.097 

1017.9 

H 

143.335 

1634.9 

173.573 

2397.6 

y^ 

203.811 

S3ttS 

^ 

113.490 

1025.0 

H 

143.728 

1643.9 

?■ 

173.966 

2408.3 

65. 

204.204 

3318 

113,883 

1032  1 

% 

144,121 

1652,9 

H 

174.358 

2419.2 

H 

204.596 

3331 

s^ 

114,275 

1039.2 

46; 

144. ,51 3 

1W>1.9 

H 

174,751 

2430.1 

204.989 

3343 

y£ 

114.668 

1046.3 

H 

144.906 

1670.9 

H 

175.144 

2441.1 

% 

205.382 

335* 

M 

115.061 

1053.5 

3 

145.299 

1680.0 

H 

1T5.5:« 

2452.0 

H 

205.774 

3369 

1 

11.5.454 

1060.7 

H5.691 

1689.1 

56.^ 

175.929 

2463.0 

H 

206.167 

3H82 

115.846 

1068.0 

}4 

146.084 

1698.2 

H 

176.322 

2474.0 

206.560 

3395 

It. 

116.^19 

10752 

'% 

H6.477 

1707.4 

176.715 

24><5.0 

% 

206.952 

34  W 

116.6:^2 

1082.5 

% 

146.H(i9 

1716.5 

% 

177.107 

2496.1 

66. 

207.345 

3421 

1^ 

117.024 

1089.8 

H 

147.262 

1725,7 

\^ 

177.500 

2507.2 

H 

207.738 

8484 

% 

117.417 

1097.1 

47. 

147.655 

17,^4.9 

H 

177.a«»3 

2518.8 

y* 

208.131 

3447 

H 

117.810 

1104.5 

H 

148.048 

1744.2 

H 

178. 2R5 

2529.4 

h 

208.523 

346t 

118.202 

1111.8 

148.440 

1753.5 

K 

ITS.  678 

2.540.6 

H 

208.916 

347? 

S 

118.596 

1119.2 

% 

iia.a33 

1762.7 

57. 

179.071 

2551.8 

^ 

209.309 

34tff 

118.988 

1136.7 

H 

149.226 

1772.1 

H 

179.463 

2563.0 

209.701 

H49S 

y  Google 
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TABLB  1  OF  €IlM;iiE9-<Coo«iDtied). 
Biameters  In  units  and  el^^hths,  4:e« 


Wma. 

Ciraumf. 

Am. 

Diam. 

Ciroamf. 

Area. 

Diam, 

Clrcumf.  I 

Arem. 

Diam. 

Clrouaif. 

ArM. 

H 

'ilO.094 

3512.5 

75^ 

236.405 

4447.4 

83H 

262.716 

6492.4 

92. 

t89.027 

6«47.< 

«7. 

210.487 

3525,7 

H' 

2:16.798 

4462.2 

H 

263.108 

5508.8 

H 

289.419 

6665.7 

H 

210.879 

353H.8 

H, 

237.190 

4477.0 

)i 

263.501 

5525.3 

H 

289.812 

6683.8 

H 

211. 272 

3552.0 

H 

237.583 

4491.8 

84. 

263.894 

6541.8 

H 

2W},205 

6701.9 

% 

211.665 

3565.2 

H' 

237.976 

4506.7 

H 

264.286   j  6568,3 

H 

290.597 

6790.1 

H 

212.058 

3578.5 

h 

238.368 

4521.5 

y* 

264.679 

5574.8 

H 

290.990 

6738.x 

% 

212.450 

3591.7 

76.      1 

238.761 

4536.5 

% 

265,072 

6591.4 

h 

291.383 

6756.4 

H 

212.813 

3605.0 

H^ 

239.154 

4.'>51.4 

H 

265.465 

5607.9 

K 

291.775 

6774.7 

H 

213.2.16 

3618.S 

W 

239.546 

4566.4 

H 

265.857 

6624.5 

93. 

292.168 

6792.9 

m. 

213.62)4 

3631.7 

% 

239.939 

4.581.8 

H 

266.250 

5641.2 

H 

292.661 

6811.2 

^ 

214.021 

.H645.0 

W 

2*0.332 

4596.8 

H 

2**643 

6657.8 

H 

292.954 

6e2ii.5 

M 

2U.4U 

3658.4 

H\ 

240.725 

4611,4 

85. 

26  (.035 

5674.5 

ft 

293,346 

6847.8 

% 

2U.806 

3671.8 

%~ 

241.117 

4626.4 

H 

267.428 

5691.2 

H 

293.739 

6666.1 

1^ 

215.199 

3685  3 

K' 

241.510 

4641.5 

M 

267.  sal 

5707.9 

H 

294.132 

6884.5 

N 

215.592 

3698.7 

77.      1 

241.903 

4656.6 

H 

268.213 

.5724.7 

h 

294.524 

6802.9 

^ 

215.984 

3712.2 

% 

242.295 

4671.8 

H 

268.606 

5741.5 

■% 

294.917 

6821.3 

)i 

216.377 

3725.7 

^i 

242.688 

4686.9 

H 

266.999 

5758.8 

94. 

295.310 

6939.« 

G9. 

216.770 

3739.3 

% 

243.081 

4702.1 

H 

269.392 

5775.1 

H 

295.(02 

6958.2 

H 

217. 1&1 

3752.8 

^1 

243.473 

4717.8 

% 

269.784 

5791.9 

H 

296.096 

W76,7 

» 

217.555 

3766.4 

h\ 

243.8(i6 

4732.5 

8«. 

270,177 

5««.8 

% 

296.488 

0996.3 

9i 

217.9i8 

3780.0 

H\ 

244.259 

4747.8 

H 

270.570 

5825.7 

H 

296.881 

7013.8 

^ 

218.341 

3793.7 

%\ 

244.652 

4763,1 

H 

270.962 

5842,6 

% 

297.273 

7032.4 

H 

218.733 

3807J 

78. 

245.044 

4778.4 

% 

271.355 

5859,6 

% 

297.666 

7061.0 

H 

219.126 

3821.0 

^ 

245.437 

479:1.7 

H 

271.748 

5876.5 

% 

298.059 

7069.6 

H 

219.519 

3a'J4.7 

m' 

245.830 

4809.0 

H 

273.140 

5893,6 

95. 

298.451 

7088.2 

70. 

219.911 

3848.5 

%■ 

246.222 

4824.4 

H 

272.533 

5W0.6 

H 

298.844 

7106.9 

H 

2»).304 

38tii.2 

H 

246.615 

4839.8 

H 

272.926 

5927.6 

^4 

299.237 

7125.6 

H 

220.697 

3876.0 

% 

247.008 

4855.x 

87. 

273,319 

5944.7 

H 

299.629 

7144.? 

i 

2K.090 

3889.8 

K 

247.400 

4870.7 

K 

273.711 

5961.8 

H 

300.022 

7163.0 

H 

221.482 

3903.6 

>i' 

247.793 

4886.2 

H 

274,104 

5978.9 

H 

300.416 

7181.8 

H 

221.875 

3917.5 

79.      1 

248.186 

4901.7 

% 

274,497 

5996.0 

H 

300-807 

7200.6 

$< 

222. 268 

3931.4 

H\ 

248.579 

4917.2 

H 

274.889 

6013.2 

w.« 

301.200 

7219.4 

K 

222.660 

3945.3 

V  ■ 

248.971 

4932.7 

275.282 

6030.4 

3U1.598 

1238.2 

Tl. 

223.053 

3959.2 

%^ 

249.364 

4948.3 

H 

275.675 

6047.6 

h 

301.986 

7257.1 

M 

223.4W 

3973.1 

^ 

249.757 

496:19 

%/ 

276.067 

6064.9 

M 

302.378 

7276  0 

223.838 

3987.1 

H 

250.149 

4979.5 

88. 

276.460 

6082.1 

H 

302.771 

7294.9 

^ 

TH.m 

4001.1 

H 

250.542 

4995.2 

276.853 

6099.4 

H 

303.164 

731S.8 

}^ 

224.624 

4015.2 

% 

250.935 

6010.9 

% 

277.246 

6116.7 

^ 

303.556 

7332.8 

ti 

225.017 

4029.2 

80.      1 

251.327 

5026.5 

277.6:18 

6134.1 

303.949 

7351.8 

225.409 

404.^3 

H 

251.720 

5042.3 

i/ 

278.031 

6151.4 

J 

304.342 

7370.8 

H 

225.802 

4057.4 

H, 

252.113 

S058.0 

% 

278.424 

6168.8 

304.734 

7389.8 

fa. 

226.195 

4071.5 

%' 

252.506 

5073.8 

%i 

278.816 

6186.2 

H 

305.127 

7408.9 

226. 5H7 

4085.7 

H^ 

252.898 

5089.6 

H 

279.209 

6203.7 

305.520 

7428.0 

y* 

226.980 

4099.8 

%^ 

253.291 

5105.4 

89. 

279.602 

6221.1 

% 

M5.913 

7447.1 

9i 

227.373 

4114.0 

H' 

253.684 

5121.1 

H 

279.994 

6238.6 

M 

306.305 

7466.2 

H 

227.765 

4128-2 

K' 

254,076 

6137.1 

280.3t?7 

6256.1 

% 

306.696 

7485.3 

II 

228.158 

4 142. 5 

81.      1 

254.469 

5153.0 

280.780 

6273.7 

% 

307.091 

7504.S 

228.551 

4156.8 

H 

254.862 

6168.9 

a 

281.173 

6291.2 

98.  >^ 

307.483 

7523.7 

H 

228.944 

4171.1 

% 

255.254 

6184.9 

^ 

281.565 

6308.8 

307.876 

7548.0 

13. 

229.3.% 

4185.4 

H 

255.647 

5200.8 

281.958 

6326.4 

H 

y* 

308.268 

7562.  S 

^ 

229.729 

ilM.7 

H 

256.040 

6216.8 

V 

282.351 

6344.1 

308.661 

7581.5 

230.122 

4214.1 

H 

256.438 

6232.8 

90. 

282.743 

6361.7 

h 

309.054 

7600.8 

g 

230.514 

4228.5 

H 

256.825 

6248.9 

283.136 

6879.4 

S 

809.447 

7620.1 

230.907 

4242.9 

%, 

257.218 

6264.9 

1 

283.529 

6397.1 

1 

309.840 

7639.5 

i 

231.300 

4257.4 

82.       1 

257.611 

6281.0 

283.921 

6414.9 

310.232 

7658.9 

2:«.692 

4271.8 

yi\ 

258.003 

6297.1 

284.314 

6432.6 

».« 

310.625 

7678.3 

K 

232.085 

4286.3 

y*\ 

258.396 

6313.3 

K 

284.707 

6460.4 

311.018 

7697.7 

74. 

2:12.478 

4300.8 

% 

258.789 

6329.4 

H 

285.100 

6468.2 

u 

311.410 

7717.1 

H 

232  871 

4315.4 

H, 

259.181 

5345.6 

% 

286.492 

6486.0 

i 

311.803 

7736.8 

238  263 

4S29.9 

% 

259.574 

5361.8 

91. 

285.885 

6503.9 

312.196 

7756.1 

fi 

2M.656 

4344.5 

^, 

259.967 

6378.1 

286.278 

6621.8 

312.588 

7776.6 

34 

234.019 

4359.2 

h\ 

260.359 

5394.3 

Y 

286.679 

6539.7 

H 

312.981 

7796.2 

!$ 

234.441 

4373.8 

83.      ; 

260.752 

6410.6 

% 

287.063 

6557.6 

313.374 

7814,8 

!5 

2.14.834 

4;188.5 

H 

261.145 

6426.9 

1^ 

2H7.456 

6575.5 

A 

313.767 

7834.4 

X 

•il5.227 

440.S.1 

h\ 

261.538 

5443.3 

H 

287.848  ,6593.5 

100 

314.159 

7864.0 

7a. 

xt^.B19 

4417.9 

h 

261.930 

54,')9.6 

288.241    16611.5 

H 

2.H6.UU 

4432  6 

h\ 

•iK2.323 

5476.0 

_  '^ 

288.634     6629.6 

1 
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dRCLEB* 


'    TABUS '2  OF  CIRCLES. 

Dlamefem  in  anlts  and  tenths. 


ma. 

Gireamf. 

Area. 

IHa. 

Cirenmf. 

Area. 

Dia. 

Cireunf. 

Area. 

0.1 

.814159 

.007864 

6.8 

19.79208 

81.17246 

12.5 

89.26991 

122.7186 

.2 

.828319 

.031416 

.4 

20.10619 

82.16991 

.6 

39.68407 

124.6896 

^ 

.942478 

.070886 

.5 

20.42085 

33.18807 

.7 

39.89823 

126.6769 

.4 

1.256687 

.12.-^tj64 

.6 

20.78451 

34.21194 

.8 

40.21239 

128.6796 

Jb 

1.570796 

.196350 

.7 

21.04867 

35.25662 

.9 

40.52655 

180.6981 

.6 

1.884956 

.'28-J743 

.8 

21.36288 

36.31681 

18.0 

40.84070 

132.7828 

.7 

2.199115 

.381845 

.9 

21.67699 

37.89281 

.1 

41.16486 

134.7822 

.8 

2.513274 

MYIC^ 

7.0 

21.99115 

38.48451 

.2 

41.46902 

136.8478 

.9 

2.827438 

.630178 

.1 

22.30531 

3P.59192 

.8 

41.78818 

138.9291 

1.0 

8.141593 

.785398 

.2 

22.61947 

40.71504 

.4 

42.09734 

141.0261 

.1 

3.455752 

.9r.():»2 

.8 

22.93363 

41.86887 

.6 

42.41150 

148.1888 

J2 

8.769911 

1.1301)7 

.4 

23.24779 

43.00840 

.6 

42.72566 

145.2672 

J& 

4.084070 

1.3:2732 

.6 

23.56194 

44.17865 

.7 

43.03982 

147.4114 

A 

4.398230 

1.53938 

.6 

23.87610 

45.36460 

.8 

43.35398 

149.5712 

.5 

4.712389 

1.76715 

.7 

24.19026 

46.56626 

.9 

43.66814 

151.7468 

.6 

5.026548 

2.01062 

.8 

24.50442 

47.78862 

14.0 

48.98230 

168.9380 

.7 

5.340708 

2.26980 

.9 

24.81858 

49.01670 

.1 

44.29646 

156.1460 

.8 

5.654867 

2.54469 

8.0 

25.13274 

50.26548 

.2 

44.61062 

158.3677 

.9 

5.969026 

2.83529 

.1 

25.44690 

51.52997 

J& 

44.92477 

160.6061 

2.0 

6.283185 

8.14159 

.2 

25.76106 

52.81017 

.4 

46.23893 

162.8602 

a 

6.597345 

3.463f)l 

.8 

26.07522 

54.10608 

.6 

45.55809 

165.1300 

5 

6.911504 

3.80138 

.4 

26.;i^938 

55.41769 

.6 

45.86725 

167.4155 

^ 

7.225663 

4.15476 

.5 

26. 70;^ 

56.74502 

.7 

46.18141 

169.7167 

.4 

7.539822 

4.52389 

.6 

27.01770 

58.08805 

JB 

46.49557 

172.0836 

^ 

7.853982 

4.90874 

.7 

27.33186 

59.44679 

.9 

46.80978 

174,3662 

J& 

8.168141 

5.30929 

.8 

27.64602 

60.82128 

16.0 

47.12389 

176.7146 

.7 

8.482300 

5.72555 

.9 

27.96017 

62.21139 

.1 

47.48805 

179.0786 

3 

8.796159 

6.15752 

9.0 

28.27433 

63.61726 

.2 

47.75221 

181.4684 

.9 

9.110619 

6.60520 

.1 

28.58849 

6'>.03882 

.8 

48.06637 

183.8589 

3.0 

9.424778 

7.06858 

.2 

28.90265 

66.47610 

.4 

48.38058 

186.2660 

a 

9.738937 

7.54768 

.8 

29.21681 

67.92909 

.5 

48.69469 

188.6919 

^ 

10.05310 

8.04248 

.4 

29.53097 

69.39778 

.6 

49.00886 

191.1845 

J) 

10.86726 

8.55299 

.6 

29.84518 

70.88218 

.7 

49.32300 

198.5928 

.4 

10.68142 

9.07920 

.6 

30.15929 

72.38229 

.8 

49.63716 

196.0668 

^ 

10.99557 

9.62118 

.7 

30.47345 

73.89811 

.9 

49.95132 

198.5565 

j6 

11.30973 

10.17876 

.8 

30.78761 

75.42964 

10.0 

50.26548 

201.0619 

.7 

11.62389 

10.7.VJ10 

.9 

31.10177 

76.97687 

.1 

50.57964 

208.5881 

Jd 

11.93805 

11  :.:;i5 

10.0 

31.41593 

78.53982 

J2 

50.89380 

206.1199 

.9 

12.25221 

n   n 

S 

81.73009 

80.11847 

.8 

51.207% 

208.6724 

4.0 

12.56637 

ij  n 

.2 

32.04425 

81.71282 

.4 

51.52212 

211.2407 

a 

12.88053 

lo.*v,«>4 

.8 

32.35840 

83.32289 

.5 

51.83628 

213.8246 

^ 

13.19469 

18.85442 

.4 

32.67256 

84.94867 

.6 

52.15044 

216.4248 

.8 

13.50885 

14.52201 

.5 

32.98672 

86.59015 

.7 

52.46460 

219.0897 

.4 

13.82301 

15.20531 

.6 

33.30088 

88.24734 

.8 

62.77876 

221.6706 

-5 

14.13717 

15.90431 

.7 

33.61504 

89.92024 

.9 

58.09292 

224.3176 

.6 

14.45133 

16.61908 

.8 

33.92920 

91.60884 

17.0 

53.40708 

226.9801 

.7 

14.76549 

17.34945 

.9 

34.24336 

93.31316 

.1 

53.72128 

229.6588 

.8 

15.07964 

18.09557 

11.0 

34.55752 

95.03318 

.2 

64.03539 

232.3522 

.9 

15.39380 

18.85741 

.1 

34.87168 

96.76891 

J& 

54.84955 

235.0618 

6.0 

15.70796 

19.63495 

.2 

35.18584 

98.52085 

A 

54.66371 

237.7871 

.1 

16.02212 

20.42821 

.8 

35.50000 

100.2875 

.6 

54.97787 

240.5282 

.2 

16.33628 

21.23717 

.4 

35.81416 

102.0703 

.6 

55.29203 

243.2849 

^ 

16.65044 

22.06183 

.5 

36.12832 

103.8689 

.7 

56.60619 

246.0574 

.4 

16.96460 

22.90221 

.6 

36.44247 

105.6882 

.8 

55.92035 

248.8456 

^ 

17.27876 

23.75829 

.7 

36.75663 

107.5132 

.9 

56.23451 

251.6494 

^ 

17.59292 

24.63009 

.8 

37.07079 

109.3588 

18.0 

66.54867 

254.4690 

.7 

17.90708 

25.51759 

.9 

37.38495 

111.2202 

.1 

56.86283 

257.3048 

.8 

18.22124 

26.42079 

12.0 

37.69911 

113.0978 

J2 

57.17699 

260.1553 

.9 

18.53540 

27.33971 

.1 

38.01327 

114.9901 

S 

57.49115 

263.0220 

6.0 

18.849.'i6 

28.27433 

.2 

38.32743 

116.8987 

A 

57.80580 

265.9044 

.1 

19.16372 

29.22467 

.8 

38.64159 

118.8229 

Jb 

68.11946 

268.8026 

.2 

19.47787 

80.19071 

.4 

38.95575 

120.7628 

Jd 

68.48862 

271.7168 

y  Google 
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VABI.V  •  or  cnH«iHMO(NittaM«X 


Mft. 

Clreiaf. 

ArM. 

ma. 

Clrramf. 

ATM. 

Dia. 

CIreamfl 

ArM. 

18.7 

68.74778 

274.6459 

24.9 

78.22566 

486.9547 

81.1 

97.70953 

759.6460 

.8 

69.06194 

277.5911 

26.0 

78.68982 

490.8789 

J2 

96.01769 

764.6S80 

.9 

69.37610 

280.6521 

.1 

78.85398 

494.8067 

s 

98.38185 

769.4467 

19.0 

69.69096 

288.5287 

.2 

79.16818 

496.7592 

A 

98.64601 

774.8712 

.1 

60.00442 

286.5211 

.8 

79.48229 

502.7255 

J5 

96.96017 

779.8118 

.2 

60.31868 

289.5292 

.4 

79.79646 

606.7075 

.6 

99.27438 

784^2672 

.8 

60.68274 

292.5580 

.5 

80.11061 

510.7062 

.7 

9e..58849 

789.2888 

.4 

60.94690 

295.5926 

.6 

80.42477 

614.7185 

.8 

99.90265 

794.2260 

.5 

61.26106 

298.6477 

.7 

80.73898 

61&7476 

.9 

100.2168 

799.2290 

.6 

61.67528 

801.7186 

.8 

81.05309 

622.7924 

82.0 

100.5310 

804.2477 

.7 

61.88988 

304.8062 

.9 

81.36725 

526.8529 

.1 

100.8451 

809.2821 

.8 

62.20363 

807.9075 

M.0 

81.68141 

580.9292 

.2 

101.1593 

814.8822 

.9 

62.51769 

311.0266 

.1 

81.99557 

585.0211 

.8 

101.4734 

819.8880 

to.o 

62.83185 

314.1598 

.2 

82.80978 

589.1287 

.4 

101.7876 

824.4798 

.1 

68.14601 

317.3087 

.3 

82.62389 

648.2521 

.6 

102.1018 

829.5768 

.2 

68.46017 

820.4789 

.4 

82.98806 

647.8911 

.6 

102.4159 

884.6808 

.8 

68.77488 

828.6547 

Jb 

83.25221 

661.5469 

.7 

102,7301 

889.8184 

.4 

64.08849 

826.8513 

.6 

83.56686 

565.7168 

.8 

103.0442 

844.9626 

.6 

64.40266 

380.0686 

.7 

83.88052 

560.9025 

.9 

103.3584 

850.1228 

.6 

64.71681 

383.2916 

.8 

84.19468 

564.1044 

83.0 

103.6726 

855.2966 

.7 

65.03097 

386.5868 

.9 

84.50884 

668.8220 

.1 

103.9867 

860.4901 

.8 

65.34518 

389.7947 

«.o 

84.82300 

672.5563 

.2 

104.3009 

865.6973 

.9 

65.65929 

843.0698 

.1 

85.13716 

676.8043 

.8 

104.6150 

870.9202 

tl.O 

65.97846 

846.3606 

.2 

85.46182 

581.0690 

.4 

104.9292 

876.1588 

.1 

66.28760 

849.6671 

.3 

85.76548 

585.8494 

.5 

105.2434 

881.4181 

.2 

66.60176 

862.9894 

.4 

86.07964 

589.6456 

.6 

105.5575 

886.6831 

^ 

66.91592 

356.8278 

.5 

86.39380 

693.9674 

.7 

105.8717 

891.9688 

.4 

67.23008 

350.6809 

.6 

86.70796 

598.2849 

.8 

106.1858 

897.2708 

Jb 

67.54424 

863.0508 

.7 

87.02212 

602.6282 

.9 

106.5000 

902.5874 

.6 

67.85840 

866.4364 

.8 

87.33628 

606.9871 

84.0 

106.8142 

907.9208 

.7 

68.17256 

869.8361 

.9 

87.65044 

6U.S618 

.1 

107.1288 

913.2688 

.8 

68.48672 

873.2826 

28.0 

87.96460 

615.7522 

.2 

107.4428 

918.6831 

.9 

68.80088 

876.6848 

.1 

88.27875 

620.1682 

^ 

107.7566 

924.0181 

tt.O 

69.11504 

880.1827 

J2 

8a59291 

624.5800 

.4 

108.0708 

929.4088 

.1 

69.42920 

888.5968 

J& 

88.90707 

629.0175 

.5 

108.8849 

934.8202 

.2 

69.74386 

887.0766 

A 

80.22128 

683.470(7 

.6 

108.6991 

940.2473 

^ 

70.06752 

390.6707 

Jb 

80.58589 

687.9897 

.7 

109.0188 

945.6901 

.4 

70.37168 

394.0814 

.6 

89.84966 

642.4243 

.8 

109.8274 

961.1486 

^ 

70.68588 

397.6078 

.7 

90.16371 

646.9246 

.9 

109.6416 

956.6228 

.6 

70.99999 

401.1600 

.8 

90.47787 

651.4407 

86.0 

109.9557 

962.1128 

.7 

71.81415 

404.7078 

.9 

90.79208 

655.9724 

.1 

110.2699 

967.6184 

.8 

71.62881 

408.2814 

28.0 

91.10619 

660.5199 

J2 

110.5841 

973.1897 

.9 

71.94247 

411.8707 

.1 

91.42085 

665.0830 

.8 

110.8982 

978.6768 

t8.0 

72.26668 

415.4758 

.2 

91.73451 

669.6619 

A 

1U.2124 

984.2296 

.1 

72.57079 

419.0968 

.8 

92.04866 

674.2565 

.6 

111.5265 

989.7960 

J2 

72.88496 

422.7827 

.4 

92.36282 

678.8668 

.6 

111.8407 

995.3822 

.8 

78.19911 

426.3848 

A 

92.67698 

683.4928 

.7 

112.1549 

1000.9821 

.4 

78.51327 

430.0526 

.« 

92.99114 

688.1345 

S 

112.4690 

1006.5977 

.5 

78.82748 

433.7861 

.7 

98.30530 

692.7919 

.9 

112.7882 

1012.2290 

.6 

74.U150 

487.4854 

.8 

98.61946 

697.4650 

88.0 

118.0973 

1017.8760 

.7 

74.45575 

441.1508 

.9 

98.93362 

702.1638 

.1 

118.4115 

1023.5387 

.8 

74.76991 

444.8809 

80.0 

94.24778 

706.8583 

.2 

118.7257 

1029.2172 

.9 

75.08406 

448.6273 

.1 

94.56194 

711.5786 

.3 

114.0398 

1034.9113 

t4.0 

75.89822 

452.3898 

J2 

94.ff7610 

716.3146 

.4 

114.3540 

1040.6212 

.1 

75.71238 

466.1671 

.8 

95.19026 

721.0662 

.5 

114.6681 

1046.3467 

.2 

76.02654 

459.9606 

A 

95.50442 

725.8336 

.6 

114.9823 

1052.0880 

.8 

76.84070 

463.7698 

J5 

95.81858 

780.6166 

.7 

115.2965 

1057.8449 

.4 

76.65486  , 

467.5947 

.6 

96.13274 

785.4154 

.8 

115.6106 

1063.6176 

.5 

76.96902 

471.4862 

.7 

96.44689 

740.2299 

.9 

115.9248 

1069.4060 

.6 

77.28818 

475.2916 

.8 

96.76105 

745.0601 

87.0 

116.2389 

1075.2101 

.7 

77.69784 

479.1686 

.9 

97.07521 

749.9060 

J 

116.5581 

1081.0299 

^ 

77.91160 

488.0618 

81.0 

97.38987 

754.7676 

J2 

116.8672 

1066.8654 
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Gutcun. 


TABI4E  S  OF  <H»ei4MM0oiitliHied). 
IMftBMUsm  in  luilts  iumI  t^ntluk 


Ma. 

Circaaii; 

Area. 

Dta. 

Ctreuif. 

Area, 

Dia. 

Gtrcaoit 

Area. 

S7.3 

117.1814 

1092.7166 

48.5 

186.6598 

1486.1697 

49.7 

166.1372 

1940.00a 

.4 

117.4956 

1098.5885 

.6 

186.9784 

1493.0105 

.8 

156.4518 

1947.8189 

Jb 

117.8097 

1104.4662 

.7 

187.2876 

1499.8670 

.9 

166.7655 

1965.6498 

.6 

118.1239 

1110.3M5 

A 

137.6018 

1506.7398 

60.0 

167.0796 

1963.4954 

.7 

118.4380 

1116.2786 

.9 

187.9159 

1518.6272 

X 

167.3988 

1971.8572 

A 

118.7622 

1122.2083 

44.0 

138.2301 

1520.5308 

.2 

157.7080 

1979.2848 

.9 

119.0664 

1128.1538 

.1 

138.5442 

1527.4502 

A 

158.0221 

1987.1280 

88.0 

119.3805 

1184.1149 

.2 

138.8584 

1534.3853 

.4 

158.8363 

1995.0370 

.1 

119.6947 

1140.0918 

^ 

139.1726 

1541.3360 

.5 

16a6504 

2002.9617 

.2 

120.0088 

1146.0844 

.4 

139.4867 

1548.3025 

.6 

158.9646 

2010.9020 

^ 

120.3230 

1152.0927 

.5 

139.8009 

1565.2847 

.7 

159.2787 

2018.8581 

.4 

120.6372 

1158.1167 

.6 

140.1150 

1562.2826 

.8 

159.5929 

2026.8299 

^ 

120.9513 

1164.1564 

.7 

140.4292 

1669.2962 

.9 

159.9071 

2084.8174 

.« 

121.2655 

1170.2118 

.8 

140.7434 

1576.3265 

61.0 

160.2212 

2042.82M 
2050.83^ 

.7 

121.5796 

1176.2830 

.9 

141.0575 

1683.3706 

.1 

160.5354 

.8 

121.8938 

1182.3698 

46.0 

141.8717 

1590.4313 

.2 

160.8495 

2058.8742 

.9 

122.2080 

1188.4724 

.1 

141.6858 

1597.5077 

.8 

161.1687 

2066.9245 

39.0 

122.5221 

1194.5906 

^ 

142.0000 

1604.5999 

.4 

161.4779 

2074.9906 

a 

122.8363 

1200.7246 

.8 

142.3141 

1611.7f)77 

.6 

161.7920 

2083.0723 

^ 

123.1504 

1206.8742 

.4 

142.6283 

1618.8313 

.6 

162.1062 

2091.1697 

^ 

123.4646 

1213.0396 

.6 

142.9425 

1625.9705 

.7 

162.4203 

2099.2829 

.4 

123.7788 

1219.2207 

.6 

143.2566 

1683.1266 

•  .8 

162.7345 

2107.4118 

^ 

124.0929 

1225.4175 

.7 

143.5708 

1640.2962 

.9 

163.0187 

2115.5568 

.6 

124.4071 

1231.6300 

.8 

143.8849 

1647.4826 

62.0 

168.3628 

2123.716ft 

.7 

124.7212 

1237.8582 

.9 

144.1991 

1654.6847 

.1 

163.6770 

2181.8926 

3 

125.0354 

1244.1021 

46.0 

144.6138 

1661.9025 

.2 

163.9911 

2140.0843 

.9 

125.3495 

1250.3617 

.1 

144.8274 

1669.1360 

.8 

164.8053 

2148.2917 

40.0 

125.6637 

1266.6371 

^ 

145.1416 

1676.3863 

.4 

164.6196 

2156.5149 

.1 

125.9779 

1262.9281 

.8 

145.4657 

1683.6502 

.6 

164.9386 

2164.7587 

.2 

126.2920 

1269.2348 

.4 

145.7699 

1690.9808 

.6 

165.2478 

2173.0082 

.8 

126.6062 

1275.5573 

.5 

146.0841 

1698.2272 

.7 

166.6619 

2181.2785 

.4 

126.9203 

1281.8955 

.6 

146.3982 

1705.5392 

.8 

165.8761 

2189.5644 

.6 

127;2345 

1288.2493 

.7 

146.7124 

1712.8670 

.9 

166.1903 

2197.8661 

.6 

127.5487 

1294.6189 

^ 

147.0266 

1720.2105 

68.0 

166.5044 

2206.1834 

.7 

127.8628 

1301.0042 

.9 

147.3407 

1727.5697 

.1 

166.8186 

2214.5165 

^ 

128.1770 

1807.4052 

47.0 

147.6549 

1784.9445 

.2 

167.1327 

2222.8653 

.9 

128.4911 

1313.8219 

.1 

147.9690 

1742.3351 

.8 

167.4469 

2231.2298 

41.0 

128.8a'>3 

1820.2543 

j2 

148.2832 

1749.7414 

.4 

167.7610 

2289.6100 

a 

129.1195 

1826.7024 

.8 

148.5973 

1757.1635 

.6 

168.0752 

2248.0059 

^ 

129.4336 

1333.1663 

.4 

148  9115 

1764.6012 

.6 

168.3894 

2256.4175 

^ 

129.7478 

1339.6458 

.5 

149.2257 

1772.0546 

.7 

168.7035 

2264.8448 

.4 

180.0619 

1846.1410 

.6 

140.5398 

1779.6237 

.8 

169.0177 

2273.287S 

.6 

130.3761 

1352.6520 

.7 

149.8540 

1787.0086 

.9 

169.3318 

2281.7466 

A 

130.6903 

1369.1786 

.8 

160.1681 

1794.5091 

54.0 

169.6460 

2290.2210 

.7 

131.0044 

1865.7210 

.9 

150.4823 

1802.0254 

.1 

169.9602 

2298.7112 

.8 

131.3186 

1872.2791 

48.0 

150.7964 

1809.5574 

.2 

170.2743 

2807.2171 

.9 

131.6327 

1878.8529 

.1 

151.1106 

1817.1050 

.8 

170.5885 

2316.7886 

18.0 

131.9469 

1885.4424 

.2 

151.4248 

1824.6684 

.4 

170.9026 

2824.2759 

.1 

132.2611 

1892.0476 

.8 

151.7389 

1832.2475 

.5 

171.2168 

2882  8289 

a 

132.5752 

1398.6685 

.4 

152.0531 

1839.8423 

.6 

171.5310 

2341.3976 

^ 

132.8894 

1405.3051 

.6 

152.3672 

1847.4528 

.7 

171.8451 

2849.9820 

A 

133.2035 

1411.9574 

.6 

162.6814 

1855.0790 

.8 

172.1593 

2368.5821 

JS 

133.5177 

1418.6254 

.7 

152.9956 

1862.7210 

.9 

172.4734 

2367.1979 

.6 

133.8318 

1425.8092 

.8 

153.3097 

1870.8786 

66.0 

172.7876 

2375.8294 

.7 

134.1460 

1482.0086 

.9 

153.6239 

1878.0519 

.1 

173.1018 

2384.4767 

.8 

134.4602 

1438.7238 

49.0 

153.9380 

1885.7410 

.2 

173.4159 

2393.1896 

.9 

134.7743 

1445.4546 

.1 

154.2522 

1893.4457 

.8 

173.7301 

2401.8183 

48.0 

135.0885 

1452.2012 

.2 

154  5664 

1901.1662 

.4 

174.0442 

2410.5126 

.1 

135.4026 

1458.9635 

.8 

154.8805 

1908.9024 

.6 

174.3584 

2419.2227 

.2 

135.7168 

1465.7416 

.4 

155.1947 

1916.6543 

.6 

174.6726 

2427.94«ft 

.8 

136.0310 

1472.5352 

.6 

155.5088 

1924.4218 

.7 

174.9867 

2436.6899 

4 

186.3451 

1479.8446 

.6 

155.8230 

1932.2061 

A 

175.3009 

2445.4471 

Googk 


cmchSA, 
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9ABUB  a  OF  €i»CUttM0raitei»4). 
DifMnetoni  in  iimIU  and  ieath*. 


Dia. 

Cireamf. 

Area, 

DUu 

Cireamf. 

Area. 

DU. 

Circonr. 

Arem 

55.9 

175.6150 

24r)4.2'.>00 

62.1 

195.0929 

8028.8178 

68.8 

214.5708 

8663.7900 

66.0 

175.9292 

24r»3.()086 

J2 

195.4071 

30^8.5798 

.4 

214.8849 

3674.5324 

.1 

176.2433 

2471.8130 

S 

195.7212 

3((48.3;>80 

A 

216.1991 

3685.2845 

.2 

176.5575 

248U.6330 

A 

l»6.a854 

;  M.30O 

.6 

215.5133 

8696.0523 

.3 

176.8717 

2489.4687 

.5 

196.3495 

i     16 

.7 

215.8274 

8706.8359 

.4 

177.1858 

2498.o201 

.6 

196.6687 

i     69 

J& 

216.1416 

8717.6351 

.5 

177.5000 

2^307.1873 

.7 

196.9779 

:   i-79 

.9 

216.4557 

8728.4500 

.6 

177.8141 

2;31G.0701 

.8 

197.2920 

!,...-, .IS47 

69.0 

216.7699 

3739.2807 

.7 

178.1283 

25'J4.9t;87 

.9 

197.6062 

8107.3571 

.1 

217.0811 

8750.1270 

.8 

178.4425 

2.3;J3.SS30 

68.0 

197.9203 

3117.2453 

.2 

217.3982 

3760.9891 

,9 

178.7566 

254-2.8129 

.1 

198.2846 

3127.1492 

J& 

217.7124 

3771.8668 

67.0 

179.0708 

2->;11.7586 

.2 

198.5487 

3137.0688 

A 

218.0266 

8782.7608 

.1 

179.3849 

2r)r)0.7200 

.8 

198.8628 

S147.0(MO 

.5 

218.3407 

3793.6696 

.2 

179.6991 

2r.69,6y71 

.4 

199.1770 

3156.9560 

.6 

218.6618 

3804.5944 

.3 

180.0133 

257S.G899 

.5 

199.4911 

3166.9217 

.7 

218.9690 

3815.6350 

A 

180.3274 

2587.6985 

.6 

199.8053 

3176.9042 

.8 

219.2832 

3826.4918 

.6 

180  6*16 

2596.72-27 

.7 

200.1195 

3186.9023 

.9 

219.5973 

3837.4633 

.6 

180.9557 

2605.7<)26 

.8 

•200.4836 

3196.9161 

70.0 

219.9115 

3848.4510 

.7 

181.2699 

2614.8183 

.9 

200.7478 

3206.9456 

.1 

220.2256 

3859.4544 

.8 

181.5841 

262:18896 

G4.0 

201.0619 

3216.9909 

.2 

220.5398 

3870.4736 

.9 

181.8982 

2632.9767 

.1 

201.3761 

3227.0618 

.3 

220.8540 

3881.5084 

68.0 

182.2124 

2642.0794 

.2 

201.6902 

3237.1285 

.4 

221.1681 

3892.5590 

.  .1 

182.5265 

2651.1979 

.8 

202.0044 

3247.2209 

.6 

221.4823 

3903.6252 

.2 

182.8407 

2660.3321 

.4 

202.3186 

3257.8289 

.6 

221.7964 

3914.7072 

.3 

18;^.1.M9 

2669.4820 

.6 

202.6327 

3267.4527 

.7 

222.1106 

3925.8049 

.4 

183.IG90 

2678.6476 

.6 

202.9469 

3277.5922 

.8 

222.4218 

3936.9182 

.6 

18;i.7S32 

2687.8289 

,7 

203.2610 

3287.7474 

.9 

222.7389 

3918.0473 

.6 

1^4.0973 

2697.0259 

S 

203.5752 

3297.9188 

71.0 

223.05:^1 

3959.1921 

.7 

184.4115 

2706.2386 

.9 

203.8894 

3308.1049 

.1 

223.3672 

3970.3626 

,8 

184.72:.6 

2715.4670 

66.0 

204.2035 

3318.3072 

.2 

223.6814 

3981.5289 

.9 

1&^>.()398 

2724.7112 

.1 

204.5177 

3328.5258 

.8 

223.9956 

3992.7208 

6».0 

1&V3540 

2733.9710 

.2 

204.8318 

3338.7590 

.4 

224.3097 

4003.9284 

.1 

183.6681 

2743.2466 

.8 

205.1460 

3349.0085 

.6 

224.6239 

4015.1518 

.2 

185.9823 

2752.5;i78 

.4 

205.4602 

8359.2786 

.6 

224.9380 

4026.3908 

^ 

186.2964 

2761.8148 

.6 

205.7743 

8369.5645 

.7 

225.2522 

4037.6456 

.4 

18ti.6106 

2771.1675 

.6 

206.0885 

3879.8510 

.8 

225.5664 

4043.9160 

.5 

186.9248 

2780.r>0.38 

.7 

206.4026 

3390.1633 

.9 

225.8805 

4060.2022 

.6 

187.2389 

2789.8599 

.8 

206  7168 

8400.4913 

72.0 

226.1947 

4071.5041 

.7 

187„.5531 

2799.2297 

.9 

207.0310 

8410.8850 

.1 

226.5088 

4082.8217 

.8 

187.8672 

2808.61.52 

66.0 

207.5J451 

3421.1944 

.2 

226.8230 

4094.1550 

.9 

188.1814 

2818.01*J5 

.1 

207.6593 

8481.5695 

.8 

227.1371 

4105.5040 

•0.0 

188.4956 

2827.4334 

.2 

207.9734 

8441.9603 

.4 

227.4513 

4116.8687 

.1 

188.8097 

28;^r).8r>60 

.3 

208.2876 

8452.3669 

.6 

227.7655 

4128.2491 

.2 

189.1239 

284(1.3144 

.4 

208.6018 

8462.7891 

.6 

228.0796 

4139.6452 

.3 

189.4380 

2&55.7784 

.5 

208.9159 

8473.2270 

.7 

228.3938 

4151.0571 

.4 

189.7522 

286-3.2582 

.6 

209.2301 

8483.6807 

.8 

228.7079 

4162.4846 

A 

190.0664 

2874.75136 

.7 

209.5442 

3494.1500 

.9 

229.0221 

4173.9279 

.6 

190  3805 

2884.2648 

.8 

209.8584 

8504.6351 

78.0 

2*29.3363 

4185.3868 

.7 

190.0947 

2893.7917 

.9 

210.1725 

8515.1859 

.1 

229.6504 

4196.8615 

.8 

191.0088 

2903.:i343 

67.0 

210.4867 

8525.6524 

.2 

229.9646 

4208.3519 

.•9 

19l.S'2m 

2912.8926 

.1 

210.8009 

3536.1845 

.8 

230.2787 

4219.8579 

•1.0 

191.6372 

2922.4666 

J2 

211.1150 

3546.7824 

.4 

230.5929 

4231.3797 

.1 

191.9513 

2932.(r>63 

.8 

211.4292 

3657.2960 

.5 

230.9071 

4242.9172 

.2 

192.2656 

2941.(^17 

.4 

211.7433 

3567.8764 

.6 

231.2212 

4254.4704 

^ 

192.5796 

29.31  2828 

.5 

212.0575 

8578.4704 

.7 

231.5354 

4266.0894 

.4 

192.8938 

2960.9197 

.6 

212.8717 

8589.0811 

.8 

231.8495 

4277.6240 

^ 

193.2079  2970.5722 

.7 

212.6858 

3599.7075 

.9 

232.1637 

4289.2248 

.6 

193.5221  2U^».2405 

.8 

213.0000 

3610.8497 

74X) 

232.4779 

4300.8408 

.7 

193.8363  2989.9244 

.9 

213.3141 

3621.0075 

.1 

232.7920 

4312.4721 

.8 

194.1504   2999.6241 

68.0 

213.6283 

3631.6811 

.2 

233.1062 

4324.1195 

,9  194.4646  mo9:,mo 

.1 

213.9425  1 

:S642.3704 

.3 

233.4203  4385.7827 

t2.0  194.7787  3019.0705 

.2,  214.2566  | 

3653.0754 

.4 

233.7345  4347.4616 

Digitized 
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TABIiB  •  OF  dmCUNMOontUmedX 
Blamet^ni  In  milto  mm4k  UmUm. 


Ma. 

Olreumf. 

Area. 

Dia. 

Circumf. 

Area. 

»ia. 

Circnmf. 

ATM. 

74.6 

234.0487 

4359.1562 

80.7 

263.6265 

5114.8977 

80.9 

273.0044 

5931.0206 

.6 

234.3628 

4370.8664 

,8 

263.8407 

5127.5819 

87.0 

273.ai86 

6944.6787 

,7 

234.6770 

4382.5924 

.9 

264.1548 

5140.2818 

.1 

273.6327 

5968.3625 

.8 

284.9911 

4394.3341 

81.0 

254.4690 

6152.9974 

.2 

273.9469 

6972.0420 

.9 

235.30.S3 

4406.0916 

.1 

2547832 

5165.7287 

.3 

274.2610 

5986.7472 

75,0 

235.6194 

4417.8647 

.2 

255.0973 

6178.4757 

.4 

274.5752 

5999.4681 

.1 

235.9336 

4429.6536 

.3 

266.4115 

5191.2384 

.6 

274.8894 

6013.2047 

.2 

236.2478 

4441.4580 

.4 

265.7256 

5204.0168 

.6 

275.2035 

6026.9570 

.3 

236.5619 

4453.2783 

.5 

256.0398 

6216.8110 

.7 

276.6177 

6040.7250 

A 

236.8761 

4465.1142 

.6 

256.3540 

5229.6208 

,8 

276.8318 

6054.5088 

^ 

237.1902 

4476.9659 

.7 

256.6681 

6242.4463 

.9 

276.1460 

6068.3082 

.6 

237.5044 

4488.8332 

.8 

256.9823 

62.55.2876 

88.0 

276.4602 

6082.1234 

.7 

237.8186 

4500.7163 

.9 

257.2964 

5208.1446 

.1 

276.7743 

6095.9542 

.8 

238.1327 

4512.6151 

82.0 

257.6106 

6281.0173 

.2 

277.0885 

6109  8008 

.9 

238.4469 

4524.5296 

.1 

267.9248 

5293.1056 

.8 

277.4026 

6123.6631 

7i.O 

238.7610 

4536.4598 

.2 

258.2389 

5306.8097 

.4 

277.7168 

6137.6411 

.1 

239.0752 

4548.4057 

.3 

258.5531 

5319.7295 

.5 

278.0309 

6151.4348 

.2 

239.3894 

4560.3673 

.4 

258.8672 

5332.66.50 

.6 

278.3451 

6165.3442 

.3 

239.7035 

4572.3446 

.5 

259.1814 

5345.6162 

.7 

278.6593 

6179.2693 

.4 

240.0177 

4584.3377 

.6 

259.4956 

5358.5832 

.8 

278.9734 

6193.2101 

.5 

240.3318 

4596.3464 

.7 

259.8097 

5371.5668 

.9 

279.2876 

6207.1666 

.6 

240.6460 

4608.3708 

.8 

260.1239 

5384.6641 

89.0 

279.6017 

6221.138© 

.7 

240.9602 

4620.4110 

.9 

260.4380 

6397.6782 

.1 

279.9159 

6235.1268 

.8 

241.2743 

4632.4609 

83.0 

260.7522 

5410.6079 

.2 

280.2301 

6249.1304 

.9 

241.5885 

4644.5384 

.1 

261.0663 

5423.6534 

.3 

280.5442 

6263.1498 

77.0 

241.9026 

4656.6257 

.2 

261.3805 

5436.7146 

.4 

280.8684 

6277.1849 

.1 

242.2168 

4668.7287 

.3 

261.6947 

5449.7915 

.5 

281.1725 

6291,2366 

.2 

242,5310 

4680.8474 

.4 

262.0088 

5462.8840 

.6 

281.4867 

6305.3021 

.3 

242.8451 

4692.9818 

.5 

262.3230 

5475.9923 

.7 

281.8009 

6319.3843 

.4 

243.1593 

4705.1319 

,6 

262.6371 

5489.1163 

.8 

282.1150 

6333.4822 

^ 

243.47M 

4717.2977 

.7 

262.9513 

5502.2561 

.9 

282.4292 

6347.6958 

.6 

243.7876 

4729.4792 

,8 

263.2655 

5515.4115 

90.0 

282.7433 

6361.7251 

.7 

244.1017 

4741.6765 

.9 

263.5796 

5528.5826 

.1 

283.0575 

6375.8701 

.8 

244.4159 

4753.8894 

84.0 

263.8938 

6541.7694 

.2 

283.3717 

6390.0309 

.9 

244.7301 

4766.1181 

.1 

264.2079 

6554.9720 

.3 

283.6858 

6404.2073 

18.0 

245.0442 

4778.3624 

.2 

264.5221 

5568.1902 

.4 

284.0000 

6418.3996 

.1 

245.a584 

4790.6226 

.3 

264.8363 

5581.4242 

.5 

284.3141 

6432.6073 

JZ 

245.6725 

4802.8983 

.4 

266.1501 

5594.6739 

.6 

284.6283 

6446.8309 

s 

24.5.9867 

4815.1897 

.5 

265.4646 

5607.9392 

.7 

284.9425 

6461.0701 

A 

246.3009 

4827.4969 

.6 

265.7787 

5621.2203 

,8 

285.2566 

6475.3261 

^ 

216.6150 

4839.8198 

.7 

266.0929 

5634.5171 

.9 

285.5708 

6489.5958 

.« 

246.9292 

4852.1584 

.8 

266.4071 

5647.8296 

91.0 

285.8849 

6503.8822 

.7 

247.243? 

4864.5128 

.9 

266.7212 

5661.1578 

.1 

286.1991 

6.518.1843 

.8 

247.5575 

4876.3828 

85.0 

267  0a54 

5674.5017 

.2 

286.6183 

6532.5021 

J9 

247.8717 

4889.2685 

.1 

267  3495 

6687.8614 

.3 

286.8274 

6546.8356 

TO.O 

248.1858 

4901.6699 

.2 

267  6037 

6701.2367 

.4 

287.1416 

6561.1848 

.1 

248.5000 

4914.0871 

.3 

267  9779 

6714.6277 

.5 

287.4.557 

6576.5498 

.2 

248.8141 

4926.5199 

.4 

268.2920 

6728.0345 

.6 

287.7699 

6589.9304 

.3 

249.1283 

4938.9685 

.5 

268.6062 

6741.4569 

.7 

288.0840 

6604.3268 

.4 

249.4425 

4951.4328 

.6 

268.9203 

5764.8951 

.8 

288.3982 

6618.7388 

^ 

249.7566 

4963.9127 

.7 

269.2346 

6768.3490 

.9 

288.7124 

6633.1666 

.6 

25O.O708 

4976.4084 

.8 

269.5486 

5781.818-5 

92.0 

289,0265 

6647.6101 

.7 

250.3849 

4988.2198 

.9 

269.8628 

5795.3038 

.1 

289.3-107 

6662.0692 

.8 

250.6091 

5001.4469 

86.0 

270.1770 

5808.8048 

.2 

289.6.548 

6676.5441 

.9 

251.0133 

5013.9897 

.1 

2^^0.4911 

5822.3215 

.3 

289.9690 

6691.0347 

ao.o 

251.3274 

5026.5482 

.2 

270.8053 

583,5.8539 

.4 

290.28:12 

6705.5410 

.1 

251.6416 

6039.1225 

.3 

271.1194 

5849.4020 

.5 

290.5973 

6720.0630 

.2 

251.9557 

5051.7124 

.4 

271.4386 

5862.96-59 

.6 

290.9115 

6734.6008 

.8 

252.'>699 

5064.3180 

.5 

271.7478 

5876.5454 

.7 

291.22.56 

6749.1542 

.4 

252.6840 

5076.9394 

.6 

272.0619 

5890.1407 

.8 

291.5398 

6763.7233 

Ji     252.89ft2 

5089.5764 

.7 

272.3761 

5903.7516 

.9 

291.8.540 

6778.3082 

.«  253.2124 

5102.2292 

.8 

272.6902 

5917.3783 

98.0 

292.1681 

679'^.90CT 
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TABI.B  t  OV  CIBCIiBSHPuiCIiiiMd). 
lUAinefeni  In  anlto  and  tentlM. 


BU. 

ClreiM& 

292.4823 

Ares. 

Dfa. 

GIreomf: 

Area. 

Dts. 

Cireimi; 

Am. 

M.1 

6807.5250 

»a.5 

300.0221 

7163.0276 

»7.8 

307.2478 

7512.2078 

^ 

292.7964 

6822.1569 

.6 

300.3363 

7178.0366 

.9 

307.5619 

7527.5780 

^ 

293.1106 

6836.8046 

.7 

300.&304 

7193.0612 

98.0 

307.8761 

7542.9640 

.4 

298.4.M8 

6851.4680 

.8 

3(JU.9646 

7208.1016 

.1 

308.1902 

7558.3656 

^ 

293.7389 

6866.1471 

.9 

3fJ  1.2787 

7223.1577 

.2 

308.5044 

7573.7830 

.6 

294.0531 

6880.8419 

96.0 

0)15929 

7238.2295 

.3 

308.8186 

7589.2161 

.7 

294.3672 

6895.5524 

.1 

3U1.9071 

7253.3170 

.4 

309.1327 

7604.6648 

.8 

294.6814 

6910.2786 

.2 

302.2212 

721)8.4202 

.0 

309.4469 

7620.1293 

.9 

294.9956 

6925.0'205 

.3 

302.5.^ 

7283.5391 

.6 

309.7610 

7635.6095 

N.0 

295.»)97 

6939.7782 

.4 

302.8495 

7298.6737 

.7 

310.0752 

7661.1054 

.1 

295.6239 

6954.5515 

.5 

803.1637 

7313.8240 

.8 

310.3894 

7666.6170 

^ 

295.9380 

6969.3406 

.6 

303.4779 

7328.9901 

.9 

31  n.  7035 

7682.1444 

.8 

296.2522 

6984.1463 

.7 

303.7920 

7344.1718 

99.0 

311.0177 

7697.6874 

.4 

296.5663 

6998.9658 

.8 

304.1062 

7a^9.3693 

.1 

311.3318 

7713.2461 

Jb 

296.8805 

7013.8019 

.9 

304.4203 

7374.5824 

.2 

311.0460 

T728.8206 

.6 

297.1947 

7028.6538 

97.0 

304.7;M5 

7389.8113 

.3 

311.9602 

7744.4107 

.7 

297.5088 

7043.5214 

.1 

3U5.0486 

7405.0559 

.4 

312.2743 

7760.0166 

.8 

297.8230 

7058.4047 

,2 

305.3628 

7420.3162 

.5 

312.5.S85 

7775.6382 

.9 

298.1371 

7073.3037 

.3 

305.6770 

7435.6922 

.6 

312.9026 

7791.2754 

M.0 

298.4513 

7088.21  i^ 

.4 

305.91H1 

7450.8839 

.7 

313.2168 

7806.9284 

.1 

298.7655 

7103.1488 

.6 

306.3053 

7466.1913 

.8 

313.rvK>9 

7822.5971 

J2 

299.0796 

7118.0950 

.6 

306.61M 

7181.5144 

.9 

313.8151 

7838.2815 

.3 

299.8938 

7133.0568 

.7 

306.9336 

7496.8,^32 

100.0 

3U.1593 

7853.9816 

.4 

299.7079 

7148.0343 

Clreniiil^renees  when  fhe  4lMneter  has 
place  of  declmale. 


Dtea. 

Clfo. 

Dtam. 

OiTt. 

Dimm. 

Cin. 

1 

DiUB. 

On. 

DlUB. 

Ctoe. 

J 

.814159 

.01 

.031416 

.001 

.003142 

.0001 

.000814 

.00001 

.000031 

.2 

.628319 

.02 

.062832 

.002 

.006283 

.0002 

.000628 

.00002 

.000068 

.8 

.942478 

.03 

.094248 

.008 

.009425 

.0003 

.000942 

.00003 

.000094 

.1 

1.256637 

.04 

.125664 

.004 

.012566 

.0004 

.001257 

.00004 

.000126 

.5 

1.570796 

.05 

.167080 

.005 

.015708 

.0005 

.001571 

.00005 

.000157 

A 

1.884956 

.06 

.188496 

.006 

.018850 

.0006 

.001885 

.00006 

.000188 

.7 

2.199115 

.07 

.219911 

.007 

.021991 

.0007 

.002199 

.00007 

.000220 

.8 

2.513274 

.08 

.251327 

.008 

.025133 

.0008 

.002518 

.00008 

.000251 

J 

2.827433 

.09 

.282743 

.009 

.028274 

.0009 

.002827 

.00009 

.000288 

Ezampleii. 


Diameter -8.12090 

Cireamferenee  «■  8am  of 

Oirc  for  dia  of       8.1  —  0.788987 

••    '                .02  —  .062832 

••                    .006  »  .018850 

<*                    SXm  —  .002827 

«                    UXNWe  —  .000283 


Clreumfee  —      9.828729 


^lamet 

er  — 

Snmol 

Diaforcircof 

9.738937  =-  8.1 

.084792 

M 

.062832  a  .02 
.021960 

H 

.018850  —  .006 
.003110 

W 

.002827  «  .0009 
.000283 

.000283  m,    .00009 
8.12609 

D 

gitizedbyV. 

jOoqIc 
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dBCLiS. 


TABIilS  8  4Kr  €IB€IiBII« 
JDlamB  in  «Btto  «ifcd  twelttlis ;  as  in  feet  and  Inetaes. 


Ula. 

Circumf. 

Area. 

Dia.  Circumf. 

Area. 

D!a. 

Circaiuf. 

Area. 

Pt.In. 

Feet. 

Sq.  ft. 

Kt.In.j  Feet. 

Sq.  ft. 

Ft.In. 

Feet. 

Sq.  ft. 

5  0  !  15.70796 

19.63495 

10  0 

31.41593 

78.53982 

0  ] 

.261799 

.005454 

1  1  15.96976 

20.29491 

1 

31.67773 

79.85427 

2 

.523599 

.021817 

2  !  16.231,56 

20.96577 

2 

31.93953 

81.17963 

3 

.7^5398 

.049087 

3  i  16.49336 

21.64754 

3 

32.20132 

82.51589 

4 

1.047198 

.087266 

4 

16.75516 

22.34021 

4 

32.46312 

83.86307 

5 

1.308997 

.136a54 

5 

17.01696 

23.04380 

5 

32.72492 

85.22115 

6 

1.570796 

.]963.)0 

6 

17.27876 

23.75829 

6 

32.98672 

86.59015 

7 

1.832596 

.267254 

7 

17.54056 

24.48370 

7 

33.24852 

87.97005 

8 

2,094395 

.349066 

8 

17.80236 

25.22001 

8 

33.51032 

89.36086 

9 

2.356195 

•441786 

9 

18.06416 

25.96723 

9 

33.77212 

90.762.58 

10 

2.617994 

.545415 

iO 

18.32596 

26.72535 

10 

34.03392 

92.17520 

11 

2.879793 

.659953 

11 

18.58776 

27.49439 

11 

34.29572 

93.59874 

1  0 

3.14159 

.785398 

6  0 

18.84956 

28.27433 

11  0 

31.557.52 

95.03318 

1 

3.40339 

.921752 

1 

19.11136 

29.06519 

1 

34.81932 

96.47853 

2 

3.66519 

1.06901 

2 

19.37315 

29.86695 

2 

35.08112 

97.93479 

3 

3.92699 

1.22718 

3 

19.63495 

30.67962 

3 

35.31292 

99.40196 

4 

4.18879 

1.39626 

4 

19.89675 

31.50319 

4 

35.60472 

100.8800 

6 

4.45059 

1.57625 

5 

20.15855 

32.33768 

5 

35.86652 

102.3690 

6 

4.71239 

1.76715 

6 

20.42035 

33.18;%7 

6 

36.12832. 

103.8689 

7 

4.97419 

1.96895 

7 

20.68215 

34.03937 

7 

36.39011 

105.3797 

8 

6.23599 

2.18166 

S 

20.94395 

34.90659 

8 

36.65191 

106.9014 

9 

5.49779 

2.40528 

9 

21.20575 

35.78470 

9 

36.91371 

108.4340 

10 

6.75959 

2.63981 

10 

21.46755 

36.67373 

10 

37.17551 

109.9776 

11 

6.02139 

2.8aV2o 

11 

21.72935 

37.57307 

11 

37.43731 

111.5320 

8  0 

6.28319 

3.14159 

7  0 

21.99115 

38.484.31 

12  0 

37.69911 

113.0973 

1 

6.54496 

3.40885 

1 

22.25295 

39.40626 

1 

37.96091 

114.6736 

2 

6.80678 

8.68701 

2 

22.51475 

40.33892 

2 

38.22271 

116.2607 

3 

7.06858 

3.97608 

3 

22.77655 

41.28249 

3 

38.48451 

117.8588 

4 

7.33038 

4.27606 

4 

23.038a5 

42.23697 

4 

38.74631 

119.4678 

5 

7.59218 

4.58694 

5 

23.30015 

43.20235 

■  5 

39.00811 

121.0877 

6 

7.85398 

4.90874 

6 

23.56194 

44.17865 

6 

39.26991 

122.7185 

7 

8.11578 

5.24144 

7 

23.82374 

45.16585 

7 

39.53171 

124.3602 

8 

8.37758 

5.58505 

8 

24.08554 

46.16396 

8 

39.79351 

126.0128 

9 

8.63938 

5.93957 

9 

24:^734 

47.17298 

9 

40.05531 

127.6763 

10 

8.90118 

6.3a500 

10 

24.60914 

48.19290 

30 

40.31711 

129.3507 

11 

9.16298 

6.68134 

11 

24.87094 

49.22374 

11 

40..57891 

131.0360 

8  0 

9.42478 

7.068.58 

8  0 

'25.13274 

50.26.548 

18  0 

40.84070 

132.7323 

1 

9.68658 

7.46674 

1 

25.39454 

51.31813 

1 

41.10250 

134.4394 

2 

9.94838 

7.87580 

2 

25.65634 

52.38169 

2 

41.36430 

136.1575 

3 

10.21018 

8.29577 

3 

25.91814 

53.45616 

3 

41.62610 

137.8865 

4 

10.47198 

8.72665 

4 

26.17994 

54.54154 

4 

41.88790 

139.6263 

5 

10.73377 

9.16843 

5 

26.44174 

55.63782 

5 

42.14970 

141.3771 

6 

10.99557 

9.62113 

6 

26.703^)4 

56.74502 

6 

42.411.50 

143.1388 

7 

11.25737 

10.08473 

7 

26.96534 

57.86312 

7 

42.67330 

144.9114 

8 

11.51917 

10.55924 

8 

27.22714 

58.99213 

8 

42.9ajl0 

146.6949 

9 

11.78097 

11.04466 

9 

27.48894 

60.13205 

9 

4;J.  19690 

148.4893 

10 

12.04277 

11.54099 

10 

27.75074 

61.28287 

10 

43.45870 

150.2947 

11 

12.30457 

12.04823 

11 

28.01253 

62.44461 

11 

43.72050 

152.1109 

4  0 

12.56637 

12.56637 

9  0 

28.27433 

63.61725 

14  0 

43.982.30 

153.9380 

1 

12.82817 

13.09i>42 

1 

28.53613 

64.80080 

1 

44.24410 

155.7761 

2 

13.08997 

13.63538 

0 

28.79793 

6.5.99526 

2 

44.50590 

157.6250 

8 

13.35177 

14.1862.5 

3 

29  05973 

67.20063 

8 

44.76770 

159.4849 

4 

1361357 

14.74803 

4 

29.32153 

68.41691 

4 

45.02919 

161.3557 

5 

13.87537 

15.32072 

5 

29.58:^3 

69.64409 

6 

45.29129 

163.2374 

6 

14.13717 

15.90431 

6 

29.M513 

70.88218 

6 

45.55309 

165.130a 

7  [14.39897 

16.49882 

7 

30.10693, 

72.13119 

7 

45.81 4H9 

167.0335 

8  14.66077 

17.10423 

8 

30.36873 

7.3.39110 

8 

46.07r>(;9 

168.9479 

9  'U.92257 

17.72^)55 

9 

30.63053 

74.66191 

9 

4633849 

170.8732 

10  1.\1S436 

18.34777 

10 

30.89'233 

75.943fi4 

10 

46.60029 

172.8094 

U  15.44616 

1H.98591 

11 

31.15413 

77,23627 

11 

4f..86209 

174.7565 

y  Google 


OtBCLEB. 


173 


tABIiB  S  OF  <7m€Lfii-(0*tiltmi«l)L 
in  units  and  twelltlisi  as  in  tttit  nnd 


m.. 

Clrcumf. 

Arem, 

DU. 

Cireamf. 

Area. 

Dlft. 

Clrcumf. 

ArM. 

FUn. 

Feet. 

Sq.ft. 

Ft.In. 

Feet. 

Sq.ft. 

Ft.Iii. 

Feet. 

Sq.ft. 

U  0 

47.12389 

17C.7146 

90  0 

62.88185 

814.1598 

26  0 

78.68982 

490.8739 

1 

47.88569 

178.6835 

1 

68.09865 

816.7827 

1 

78.80162 

494.1518 

2 

47.64749 

180.6634 

2 

68.35545 

819.4171 

2 

79.06842 

497.4407 

8 

47.90929 

182.6542 

8 

68.61725 

322.0623 

8 

79.32621 

500.7404 

4 

48.17109 

184.6558 

4 

68.87905 

824,7186 

4 

79.58701 

504.0611 

5 

48.48289 

186.6i684 

5 

64.14086 

827.8856 

6 

79.84881 

607.8727 

6 

48.69469 

188.6919 

6 

64.40265 

830.0636 

6 

80.11061 

610.7052 

7 

48.95649 

190.7263 

7 

64.66445 

332.7525 

7 

80.37241 

514.0486 

8 

49.21828 

192.7716 

8 

64.92626 

835.4623 

8 

80.68421 

617.4029 

9 

49.48008 

194.8278 

9 

65.18805 

388.1630 

9 

80.89601 

620.7681 

10 

49.74188 

196.8950 

10 

66.44985 

840.8846 

10 

81.15781 

524.1442 

n 

50.00868 

198.9730 

11 

66.71166 

843.6172 

11 

81.41961 

527.5812 

18  0 

50.26548 

201.0619 

21  0 

65.97345 

846.3606 

26  0 

81.68141 

580.9292 

1 

60.52728 

203.1618 

1 

66.'23525 

349.1149 

1 

81.94821 

684.3880 

2 

50.78908 

206.2725 

2 

66.49704 

851.8802 

2 

82.20501 

587.7578 

8 

51.05088 

207.3942 

8 

66.75884 

854.6564 

8 

82.46681 

541.1884 

4 

5L31268 

209.5268 

4 

67.02064 

357.4434 

.   4 

82.72861 

644.6800 

5 

51.67448 

211.6703 

5 

67.28244 

860.2414 

6 

82.99041 

548.0826 

6 

61.83628 

213.8246 

6 

67.54424 

863.0603 

6 

88.25221 

561.5459 

7 

52.09808 

216.9899 

7 

67.80604 

365.8701 

7 

88.51400 

555.0202 

8 

52.86988 

218.1662 

8 

68.06784 

868.7008 

8 

88.77580 

568.5054 

9 

52.62168 

220.3533 

9 

68.32964 

871.5424 

9 

84.08760 

562.0615 

10 

52.88848 

222.5513 

10 

68.69144 

874.3949 

10 

84.29940 

565.5086 

11 

58.14528 

224.7602 

11 

68.85324 

877.2584 

11 

84.56120 

669.0264 

17  0 

53.40708 

226.9801 

28  0 

69.11504 

380.1827 

27  0 

84.82300 

572.5558 

1 

58.66887 

229.2108 

1 

69.37684 

883.0180 

1 

85.08480 

576.0950 

2 

53.98067 

281.4525 

2 

69.63864 

885.9141 

2 

85.34660 

679.6457 

8 

54.19247 

233.7050 

8 

69.90044 

888.8212 

8 

85.60840 

588.2072 

4 

54.45427 

235.9685 

4 

70.16224 

391.7392 

4 

85.87020 

586.7797 

5 

54.71607 

288.2429 

5 

70.42404 

894.6680 

5 

86.18200 

590.3631 

6 

64.97787 

240.5282 

6 

70.68583 

897.6078 

6 

86.39380 

593.9574 

7 

55.23967 

242.8244 

7 

70.94763 

400.5585 

7 

86.66560 

597.5626 

8 

55.50147 

245.1315 

8 

71.20943 

403.5201 

8 

86.91740 

601.1787 

9 

65.76327 

247.4495 

9 

71.47123 

406.4926 

9 

87.17920 

604.8057 

10 

56.02507 

249.7784 

10 

71.73308 

409.4761 

10 

87.44100 

608.4486 

11 

56.28687 

252.1183 

11 

71.99488 

412.4704 

11 

87.70279 

612.0924 

IS  0 

56.54867 

254.4690 

28  0 

72.25663 

415.4756 

28  0 

87.96459 

615.7522 

1 

66.81047 

256.8307 

1 

72.51843 

418.4918 

1 

88.22689 

619.4228 

2 

57.07227 

259.2032 

2 

72.78023 

421.5188 

2 

88.48819 

623.1044 

.8 

57.83407 

261.5867 

8 

73.04208 

424.5568 

8 

88.74999 

626.7968 

4 

57.59687 

263.9810 

4 

73.30883 

427.6057 

4 

89.01179 

630.5002 

6 

57.85766 

266.3863 

5 

73.56563 

480.6654 

5 

89.27359 

634.2145 

6 

58.11946 

268.8025 

6 

73.82743 

433.7361 

6 

89.53589 

637.9897 

7 

58.38126 

271.2296 

7 

74.08928 

486.8177 

7 

89.79719 

641.6758 

8 

68.64806 

273.6676 

8 

74.35103 

489.9102 

8 

90.05899 

645.4228 

9 

58.90486 

276.1165 

9 

74.61283 

443.0137 

9 

90.32079 

649.1807 

10 

69.16666 

278.5764 

10 

74.87462 

446.1280 

10 

90.58259 

652.9495 

11 

59.42846 

281.0471 

11 

75.13642 

449.2532 

11 

90.84439 

656.7292 

19  0 

59.69026 

283.5287 

24  0 

75.39822 

452.3898 

29  0 

91.10619 

660.5199 

1 

59.95206 

286.0213 

1 

75.66002 

455.5364 

1 

91.36799 

664.3214 

2 

60.21886 

288.5247 

2 

75.92182 

458.6943 

2 

91.62979 

668.1339 

8 

60.47666 

291.0891 

8 

76.18362 

461.8632 

8 

91.89159 

671.9572 

4 

60.78746 

293.5644 

4 

76.44542 

465.0430 

4 

92.15388 

675.7915 

6 

60.99926 

296.1006 

5 

76.70722 

468.28S7 

5 

92.41518 

679.6367 

6 

61.26106 

298.6477 

6 

76.96902 

471.4852 

6 

92.67698 

683.4928 

7 

61.52286 

801.2056 

7 

77.23082 

474.6477 

7 

92.93878 

687.3597 

8 

61.78466 

803.7746 

8 

77.49262 

477.8711 

8 

98.20058 

691.2377 

9 

62.04645 

806.3544 

9 

77.75442 

481.1055 

9 

93.46288 

695.1266 

10 

62.80825 

806.9461 

10 

78.01622 

484.3507 

10 

93.72418 

699.0262 

U 

e2.570d6 

811.5467 

11 

78.27802 

487.6068 

11 

98.98598 

702.9868 

y  Google 
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TAIIUB  S  or  CIACI<BS-(Clooi{iiiit^ 
IHmmam  in  iuiit«  and  twellUis;  as  In  feet  and  inelies*. 


Dia.  joircwni: 

Area, 

Dia. 

Clremiilt 

Area. 

Bia. 

Circnmf: 

ATM. 

rt.in. 

Feet. 

Sq.ft. 

Ft.Iii 

Feet. 

Sq.ft. 

FUn. 

Feet. 

8q.ft. 

80  0 

94.24778 

706.8688 

85  0 

109.9557 

962.1128 

400 

125.6637 

1256.6371 

1 

94.50958 

710.7908 

1 

110.2175 

966.6997 

1 

125.9255 

1261.8785 

2 

94.77138 

714.7841 

2 

110.4793 

971.2975 

2 

126.1873 

1267.1309 

8 

95.03318 

718.6881 

8 

110.7411 

976.9063 

3 

126.4491 

1272.3941 

4 

95.29498 

722.6535 

4 

111.0029 

980.6260 

4 

126.7109 

1277.6683 

6 

95.55678 

726.6297 

6 

111.2647 

985.1566 

5 

126.9727 

1282.9584 

6 

95.81858 

730.6166 

6 

111.5265 

989.7980 

6 

127.2345 

1288.2498 

7 

96.08038 

734.6145 

7 

111.7883 

994.4504 

7 

127.4963 

1293.5562 

8 

96.34217 

738.6233 

8 

112.0501 

999.1137 

8 

127.7581 

1298.8740 

9 

96.60397 

742.6431 

9 

112.8119 

1003.7879 

9 

128.0199 

1304.2027 

10 

96.86577 

746.6737 

10 

112.5737 

1008.4731 

10 

128.2817 

1309.5424 

11 

97.12757 

750.7152 

11 

112.8355 

1013.1691 

11 

128.6436 

1314.8929 

81  0 

97.38937 

754.7676 

86  0 

113.0973 

1017.8760 

41  0 

128.8053 

1320.2643 

1 

97.65117 

758.8310 

1 

113.3591 

1022.6939 

1 

129.0671 

1325.6267 

2 

97.91297 

762.9052 

2 

113.6209 

1027.8226 

2 

129.3289 

1331.0099 

8 

98.17477 

766.9904 

3 

113.8827 

1032.0623 

3 

129.5907 

1336.4041 

4 

98.43657 

771.0865 

4 

114.1445 

1036.8128 

4 

129.8525 

1841.8091 

5 

98.69837 

776.1934 

5 

114.4063 

1041.5743 

6 

130.1143 

1347.2261 

6 

9a96017 

779.3113 

6 

114.6681 

1046.8467 

6 

130.3761 

1352.652ft 

7 

99.22197 

783.4401 

7 

114.9299 

1051.1300 

7 

130.6379 

1368.0898 

8 

99.48377 

787.5798 

8 

115.1917 

1055.9242 

8 

130.8997 

1363.5386 

d 

99.74557 

791.7304 

9 

115.4535 

1060.7293 

9 

131.1615 

1368.9981 

10 

100.0074 

795.8920 

10 

115.7153 

1065.5453 

10 

131.4233 

1374.4686 

11 

100.2692 

800.0644 

11 

115.9771 

1070.3723 

11 

131.6851 

1379.9500 

82  0 

100.5310 

804.2477 

87  0 

116.2389 

1075.2101 

42  0 

131.9469 

1385.4424 

1 

100.7928 

808.4420 

1 

116.5007 

1080.0588 

1 

132.2087 

1390.9456 

2 

101.0546 

812.6471 

2 

116.7625 

1084.9186 

2 

132.4705 

1396.4598 

3 

101.3164 

816.8632 

3 

117.0243 

1089.7890 

3 

132.7323 

1401.9848 

4 

101.5782 

821.0901 

4 

117.2861 

1094.6705 

4 

132.9941 

1407.5208 

5 

101.8400 

825.3280 

6 

117.5479 

1099.5629 

6 

133.2659 

1413.0676 

6 

102.1018 

829.5768 

6 

117.8097 

1104.4662 

6 

133.5177 

1418.6254 

7 

102.3636 

833.8365 

7 

118.0715 

1109.3804 

7 

133.7795 

1424.1941 

8 

102.6254 

838.1071 

8 

118.3333 

1114.8055 

8 

134.0413 

1429.7737 

9 

102.8872 

842.8886 

9 

118.5951 

1119.2415 

9 

134.3031 

1436.8642 

10 

103.1490 

846.6810 

10 

118.8569 

1124.1884 

10 

134.5649 

1440.9656 

11 

103.4108 

850.9844 

11 

119.1187 

1129.1462 

11 

134.8267 

1446.5780 

88  0 

103.6726 

855.2986 

8S  0 

119.3805 

1184.1149 

48  0 

135.0885 

1452JW12 

1 

103.9344 

859.6237 

1 

119.6423 

1139.0946 

1 

135.3503 

1467.8S5S 

2 

104.1962 

863.9598 

2 

119.9041 

1144.0851 

2 

136.6121 

1468.4804 

8 

104.4580 

868.3068 

8 

120.1659 

1149.0866 

3 

135.8739 

1469.1364 

4 

104.7198 

872.6646 

4 

120.4277 

1154.0990 

4 

136.1357 

1474.8032 

6 

104.9816 

877.0334 

6 

120.6895 

1159.1222 

5 

136.3975 

1480.4810 

6 

105.2434 

881.4131 

6 

120.9513 

1164.1564 

6 

136.6593 

1486.1697 

7 

105.5052 

885.8037 

7 

121.2131 

1169.2015 

7 

136.9211 

1491.8693 

8 

105.7670 

890.2052 

8 

121.4749 

1174.2575 

8 

137.1829 

1497.579S 

9 

106.0288 

894.6176 

9 

121.7367 

1179.8244 

9 

137.4447 

1603.3012 

10 

106.2906 

899.0409 

10 

L21.9985 
122.2603 

1184.4022 

10 

137.7065 

1509.0335 

11 

106.5524 

903.4751 

11 

1189.4910 

11 

137.9683 

1614.7767 

84  0 

106.8142 

907.9203 

89  0 

122.5221 

1194.6906 

44  0 

138.2301 

1520.6308 

1 

107.0759 

912.3763 

1 

122.7839 

1199.7011 

1 

138.4919 

1626.2959 

2 

107.3377 

916.8433 

2 

123.0457 

1204.8226 

2 

138.7537 

1532.0718 

8 

107.5995 

921.3211 

8 

123.3075 

1209.9550 

3 

139.0155 

1537.8687 

4 

107.8613 

925.8099 

4 

123.5693 

1215.0982 

4 

139.2773 

1643.6565 

5 

108.1231 

930.3096 

6 

123.8311 

1220.2524 

6 

139.5391 

1549.4651 

6 

108.3849 

934.8202 

6 

124.0929 

1225.4175 

6 

139.8009 

1565.2847 

7 

108.6467 

939.3417 

7 

124.3547 

1230.5935 

7 

140.0627 

1561.1152 

8 

108.9085 

943.8741 

8 

124.6165 

1235.7804 

8 

140.3245 

1566.9566 

9 

10».1703 

948.4174 

9 

124.8783 

1240.9782 

9 

140.5863 

1572.8089 

10 

109.4321 

952.9716 

10 

126.1401  1246.1869 

10 

140.8481 

1678.6721 

U 

109.6939 

967.5867 

11 

125.4019  1251.4066 

11  141.1099 

1684.5462 

y  Google 
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Blaiiis  In  units  and  twelftlis;  as  in  feet  and  IncbMU 


Di». 

Circumf. 

Area. 

Dia. 

arcnmf. 

Itttu 

Dia. 

Circnmf. 

Area.. 

Pt.In. 

Feet. 

Sq.  a 

Ft.In. 

Feet. 

Sq.ft. 

FtJn. 

Feet. 

Sq.  ft. 

45  0 

141.3717 

1590.4313 

50  0 

157.0796 

1963.4954 

55  0 

172.7876 

2375.8294 

1 

141.6335 

1696.3272 

1 

167.8414 

1970.0458 

1 

173.0494 

2c^.0344 

2 

141.8963 

1602.2341 

2 

167.6032 

1976.6072 

2 

178.3112 

2390.2502 

8 

142.1571 

1608.1518 

8 

167.8650 

1983.1794 

8 

178.6780 

2897.4770 

4 

142.4189 

1614.0805 

4 

158.1268 

1989.7626 

4 

173.8348 

2404.7146 

5 

142.6807 

1620.0201 

6 

158.8886 

1996.3567 

5 

174.0966 

241t9682 

6 

142.9425 

1625.9706 

6 

168.6604 

2002.9617 

6 

174.3584 

2419.2227 

7 

143.2043 

1631.9319 

7 

168.9122 

2009.6776 

7 

174.6202 

2426.4931 

8 

143.4661 

1637.9042 

8 

159.1740 

2016.2044 

8 

174.8820 

2433.7744 

9 

143.7279 

1643.8874 

9 

169.4358 

2022.8421 

9 

175.1438 

2441.0666 

10 

143.9897 

1649.8816 

10 

159.6976 

2029.4907 

10 

175.4056 

2448.3697 

11 

144.2515 

1655.8866 

11 

159.9594 

2036.1602 

11 

175.6674 

2455.6887 

46  0 

144.5133 

1661.9025 

51  0 

160.2212 

2042.8206 

56  0 

175.9292 

2463.0086 

1 

144.7761 

1667.9294 

1 

160.4830 

2049.5020 

1 

176.1910 

2470.3446 

2 

145.0369 

1673.9671 

2 

160.7448 

2056.1942 

2 

176.4628 

2477.6912 

3 

145.2987 

1680.0168 

3 

161.0066 

2062.8974 

3 

176.7146 

2485.0489 

4 

145.5605 

1686.0753 

4 

161.2684 

2069.6114 

4 

176.9764 

2492.4174 

6 

145.8223 

1692.1458 

6 

161.5302 

2076.3364 

5 

177.2382 

2499.7969 

6 

146.0841 

1698.2272 

6 

161.7920 

2083.0723 

6 

177.5000 

2607.1878 

7 

146.3459 

1704.8195 

7 

162.0538 

2089.8191 

7 

177.7618 

2514.5886 

8 

146.6077 

1710.4227 

8 

162.3156 

2096.5768 

8 

178.0236 

2622.0006 

9 

146.8695 

1716.6368 

9 

162.5774 

2103.3454 

9 

178.2854 

2609.4289 

10 

147.1818 

1722.6618 

10 

162.8392 

2110.1249 

10 

178.6472 

2536.8579 

11 

147.3981 

1728.7977 

11 

168.1010 

2116.9163 

11 

178.8090 

2644.8028 

47  0 

147.6649 

1734.9446 

68  0 

163.3628 

2123.7166 

57  0 

179.0708 

2561.7586 

1 

147.9167 

1741.1028 

1 

163.6246 

2130.6289 

1 

179.3326 

2559.2264 

2 

148.1785 

1747.2709 

2 

163.8864 

2137.8520 

2 

179.5944 

2666.7080 

3 

148.4403 

1753.4606 

8 

164.1482 

2144.1861 

8 

179.8562 

2674.1916 

4 

148.7021 

1769.6410 

4 

164.4100 

2161.0310 

4 

1801180 

2681.6910 

5 

148.9639 

1766.8428 

5 

1646718 

2157.8869 

5 

180.3798 

2689.2014 

6 

149.2267 

1772.0546 

6 

164.9336 

2164.7637 

6 

180.6416 

2696.7227 

7 

149.4876 

1778.2778 

7 

165.1954 

2171.6314 

7 

180.9034 

2604.2549 

8 

149.7492 

1784.6119 

8 

165.4572 

2178.6200 

8 

181.1632 

2611.7980 

9 

160.0110 

1790.7569 

9 

166.7190 

2186.4196 

9 

181.4270 

2619.3520 

10 

160.2728 

1797.0128 

10 

165.9808 

2192.3299 

10 

181.6888 

2626.9169 

11 

150.5346 

1803.2796 

11 

166.2426 

2199.2612 

11 

181.9506 

2634.4927 

48  0 

150.7964 

1809.6574 

58  0 

166.5044 

2206.1834 

58  0 

182.2124 

2642.0794 

1 

151.0582 

1816.8460 

1 

166.7662 

2218.1266 

1 

182.4742 

2649.6771 

2 

161.3200 

1822.1456 

2 

167.0280 

2220.0806 

2 

182.7360 

2657.2866 

8 

161.5818 

1828.4660 

8 

167.2898 

2227.0456 

8 

182.9978 

2664.9061 

4 

151.8436 

1834.7774 

4 

167.5516 

2234.0214 

4 

183.2596 

2672.6354 

5 

152.1064 

1841.1096 

6 

167.8134 

2241.0082 

5 

183.5214 

2680.1767 

6 

162.3672 

1847.4528 

6 

168.0752 

2248.0059 

6 

183.7832 

2687.8289 

7 

162.6290 

1868.8069 

7 

168.3370 

2255.0145 

7 

184.0450 

2696.4920 

8 

152.8908 

1860.1719 

8 

168.5988 

2262.0340 

8 

184.8068 

2703.1659 

9 

153.1526 

1866.6478 

9 

168.8606 

2289.0644 

9 

184:5686 

2710.8508 

10 

153.4144 

1872.9346 

10 

169.1224 

2276.1057 

10 

184.-8304 

2718.6467 

11 

163.6762 

1879.3324 

11 

169.3842 

2283.1679 

11 

185.0922 

2726.2684 

49  0 

168.9380 

1885.7410 

54  0 

169.6460 

2290.2210 

59  0 

185.3540 

2738.9710 

1 

154.1998 

1892.1605 

1 

169.9078 

2297.2951 

1 

185.6158 

2741.6995 

2 

164.4616 

1898.6910 

2 

170.1696 

2304.3800 

2 

185.8776 

2749.4390 

3 

164.7284 

1905.0328 

3 

170.4314 

2311.4769 

8 

186.1394 

2757.1898 

4 

164.9862 

1911.4846 

4 

170.6932 

2818.5826 

4 

186.4012 

2764.9506 

5 

156.2470 

1917.9478 

6 

170.9550 

2326.7008 

5 

186.6630 

2772.7228 

6 

156.5088 

1924.4218 

6 

171.2168 

2832.8289 

6 

186.9248 

2780.5058 

7 

156.7706 

1980.9068 

7 

171.4786 

2389.9684 

7 

187.1866 

2788.2998 

8 

166.0324 

1987.4027 

8 

171.7404 

2847.1188 

8 

187.4484 

2796.1047 

9 

166.2942 

1948.9096 

9 

172.0022 

2864.2801 

9 

187.7102 

2808.9206 

10 

156.6660 

1950.4278 

10 

172.2640 

2361.4528 

10 

187.9720 

2811.7472 

11 

15^.8178 

1956.9659 

,   11 

172.5258 

2368.6854 

11 

18&28d8 

2819.5849 

y  Google 
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CIRCLBSb 


TABIiE  8  aF  €n€LSS~(Goiit1ni2«d). 
Blfuns  in  nnlca  and  twelfttaii;  as  in  feet  and  inelies. 


0i.. 

tlrcumf. 

Area. 

Dia. 

CIrcumf. 

Area. 

Dia. 

Cireumf. 

Area. 

¥Uii. 

Feet. 

Sq.  It. 

Ft.In. 

Ffet. 

Sq.  tt. 

Ft.In. 

Feet. 

Sq.  ft. 

60  0 

188.4956 

2827.4334 

65  0 

204.2035 

3318.3072 

70  0 

219.9115 

8848.4510 

1 

188.7574 

2835.2928 

1 

204.4653 

3326.8212 

1 

220.1733 

8857.6194 

2 

189.0192 

2843.1632 

2 

204.7271 

3335.3460 

2 

220.4a51 

3866.7988 

3 

189.2810 

2851.0444 

3 

204.9889 

3343.8818 

8 

220.6969 

3875.9890 

4 

189.5428 

2858.9366 

4 

205.2507 

3352.4284 

4 

220.9587 

3885.1902 

5 

189.8046 

2866.8397 

5 

205.5125 

3360.9860 

5 

221.2205 

3894.4022 

6 

190.0664 

2874.7536 

6 

205.7743 

3369.5545 

6 

221.4823 

3903.6252 

7 

190.3282 

2882.6785 

7 

206.0361 

3378.1339 

7 

221.7441 

3912.8691 

S 

190.5900 

2890.6143 

8 

206.2979 

3386.7241 

8 

222.0059 

3922.1039 

9 

190.8518 

2898.5610 

9 

206.5597 

3395.3253 

9 

222.2677 

3931.3596 

10 

191.1136 

2906.5186 

10 

206.8215 

3403.9375 

10 

222.5295 

3940.6262 

11 

191.3754 

2914.4871 

11. 

207.0833 

a412.5606 

11 

222.7913 

3949.9037 

•1  0 

191.6372 

2922.4666 

66  0 

207.3451 

3421.1944 

71  0 

223.0531 

3959.1921 

1 

191.8990 

2930.4569 

1 

207.6069 

3429.8392 

1 

223.3149  i  3968.4915 

2 

192.1608 

2938.4581 

2 

207.8687 

3438.4950 

2 

223.5767  |  3977.8017 

3 

192.4226 

2946.4703 

3 

208.1305 

3447.1616 

3 

223.8385  '  3987.1229 

4 

192.6843 

2954.4934 

4 

208.3923 

3455.8392 

4 

224.1003 

3996.4549 

5 

192.9461 

2962.5273 

5 

208.6541 

3464.5277 

5 

224.3621 

4005.7979 

C 

193.2079 

2970.5722 

6 

208.9159 

3473.2270 

6 

224.6239 

4015.1518 

7 

193.4697 

2978.6280 

7 

i^09.1777 

3481.9373 

7 

224.8857 

4024  5165 

8 

193.7315 

2986.6947 

8 

209.4395 

3490.6585 

8 

225.1475 

4033.8922 

9 

193.9933 

2994.7723 

9 

209.7013 

3499.3906 

9 

225.4093 

4043.2788 

10 

194.2551 

3002.8608 

10 

209.9631 

3508.1336 

10 

225.6711 

4052.6763 

11 

194.5169 

3010.9602 

11 

210.2249 

3516.8876 

11 

225.9329 

4062.0848 

6S  0 

194.7787 

3019.07a> 

67  0 

210.4867 

3525.6524 

72  0 

226.1947 

4071.5041 

1 

195.0405 

3027.1918 

1 

210.74a^ 

3534.4281 

1 

226.4565 

4080.9343 

2 

195.3023 

3035.3239 

2 

211.0103 

3543.2147 

2 

226.7183 

4090.3755 

3 

195.5641 

3043.4670 

3 

211.2721 

3552.0123 

3  ;  226.9801 

4099.8275 

4 

195.8259 

3051.6209 

4 

211.5339 

3560.8207 

4 

227.2419 

4109.2905 

5 

196.0877 

3059.7858 

6 

211.7957 

a569.6401 

5 

227.5037 

4118.7643 

6 

196.3495 

3067.9616 

6 

212.0575 

3578.4704 

6 

227.7655 

4128.2491 

7 

196.6113 

3076.1-183 

7 

212.3193 

3587.3116 

7 

228.0273 

4137.7448 

8 

196.8731 

3084.3459 

8 

212.5811 

3596.1637 

8 

228.2891 

4147.2614 

9 

197.1349 

3092.5544 

9 

212.8429 

3605.0267 

9 

228.5509 

4156.7689 

10  197.3967 

3100.7738 

10 

213.1047 

3613.9006 

10 

228.8127 

4166.2973 

11  1  197.6585 

3109.0041 

11 

213.3665 

3622.7854 

11 

229.0745 

4175.8366 

m  0 

197.9203 

3117.2453 

68  0 

213.6283 

3631.6811 

:»  0 

229.3363 

4185.3868 

1 

198.1821 

3125.4974 

1 

213.8901 

3610.5877 

1 

229.5981 

4194.9479 

2 

198.4439 

3133.7605 

2 

214.1519 

3649.505S 

2 

229  8599 

4204.5200 

3 

198.7057 

3142.0:W4 

3 

214.4137 

3658.4337 

3 

280.1217 

4214.1029 

4 

198.9675 

31;y).3193 

4 

214.6755 

3667  3731 

4 

230.3835 

4223.6968 

5 

199.2293 

3158.6151 

5 

214.9373 

3676.8234 

5 

230.6453 

4233.3016 

6 

199.4911 

3166.9217 

6 

215.1991 

3685.2845 

6 

230.9071 

4242.9172 

7 

199.7529 

3175.2393 

7 

215.4609 

3694.25r)6 

7 

231.1689 

4252.5438 

8 

200.0147 

3183.5678 

8 

215.7227 

3703.2396 

8 

231.4307 

4262.1813 

9 

200.2765 

3191.9072 

9 

215.9845 

3712.2335 

9 

231.6925 

4271.8297 

10 

200.5383 

3200,2575 

10 

216.2463 

3721.2383 

10 

231.9543 

4281.4890 

11 

'200.8001 

3208.6188 

11 

216..5081 

3730.2540 

11 

232.2161 

4291.1592 

•4  0 

201.0619 

3216.9909 

69  0 

216.7699 

3739.2807 

74  0  1  232.4779 

4300.8403 

1 

201.3237 

322.5.3739 

1 

217.0317 

3748.3182 

1  1  232.7397 

4310.5324 

2 

201.5855 

3233.7679 

2 

217.2935 

3757.36(56 

2  233.0016 

4320.2353 

3 

201 .8173 

3242.1727 

3 

217.5553 

3766,4260 

3 

233.2633 

4329.9492 

4 

202.1091 

3250.5885 

4 

217.8171 

3775.4962 

4 

233.5251 

4339.6739 

6 

202.3709 

3259.0151 

5 

218.0789 

3784.5774 

5 

233.7869 

4349.4096 

6 

202  6327 

3267.4f>27 

6 

218.3407 

3793.6f.95 

6 

2^4.0487 

43.59.1562 

7 

202,8945 

3275.9012 

7 

218.6025 

3802.7725 

7 

234.3105 

4368.9136 

8 

21^3.1563 

3284  36<)6 

8 

218.8643 

3811.8864 

8 

234.5723 

4378.6820 

9 

20:i4181 

3292.a309 

9 

219.1261 

3821.0112 

9  234.8341 

4388.4613 

10 

203.6799 

:{?X)1.3121 

10 

219.3879 

3830.1469 

10  235.0959 

4398.2515 

11 

203  9417 

3309.8042 

11 

219.6497  3830.2935 

11  235.3576 

4408.0526 
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ITAIKLB  S  <IC  CmVnLlliH[Ooii«iii»d% 
I  in  unHm  and  ttrttlflUmi  as  in  IMft  and  tneli^li. 


01a. 

Circumf. 

Area. 

Dla. 

Circamf. 

Area. 

Dia. 

Circumf. 

Area. 

run. 

Feet. 

Sq.  ft. 

FtJn. 

Feet. 

Sq.  ft. 

Ft.In. 

Feet. 

Sq.  ft. 

75  0 

235.6194 

4417.8647 

80  0 

251.3274 

5026.5482 

85  0 

267.0364 

5674.5017 

1 

235.8812 

4427.6876 

1 

251.5892 

5037.0257 

1 

267.2972 

5686.6337 

2 

236.1430 

4437.5214 

2 

251.8510 

5047.5140 

2 

267.5690 

5696.7765 

3 

236.4048 

4447.3662 

S 

252.1128 

5058.0133 

3 

267.8208 

5707.9302 

i 

236.6666 

4457.2218 

4 

252.3746 

5068.5234 

4 

268.0826 

5719.0949 

6 

236.92^ 

4467.0884 

5 

252.6364 

5079.0445 

6 

268.3444 

6730.2705 

6 

237.1902 

4476.9659 

6 

252.8982 

5089.5764 

6 

268.6062 

5741.4569 

7 

2:57.4520 

4486.8543 

7 

253.1600 

5100.1193 

7 

268.8680 

5752.6543 

8 

237.7138 

4496.7536 

8 

253.4218 

5110.6731 

8 

269.1298 

5763.8626 

9 

237.9756 

4506.6637 

9 

253.6836 

5121,2378 

9 

269.3916 

5775.0818 

30 

238.2374 

4516.5849 

10 

253.9454 

5131.8134 

10 

269.6534 

6786.3119 

11 

238.4992 

4526.5169 

11 

254.2072 

5142.3999 

11 

269.9152 

5797.5529 

7«  0 

238.7610 

4536.4598 

81  0 

254.4690 

5152.9974 

8fi  0 

270,1770 

5808.8048 

1 

239.0228 

4546.4136 

1 

254.7308 

5163.6057 

1 

270.4388 

5820.0676 

2 

239.2846 

4556.3784 

2 

254.9926 

5174.2249 

2 

270.7006 

6831.3414 

3 

239.5464 

4566.3540 

3 

255.2544 

5184.855] 

3 

270.9624 

6842.6260 

4 

239.8082 

4576.3406 

4 

255.5162 

5195.4961 

4 

271.2242 

5863.9216 

5 

240.0700 

4586.3380 

5 

255.7780 

5206.1481 

6 

271.4860 

6865.2280 

6 

240.3318 

4596.3464 

6 

2*6.0398 

5216.8110 

6 

271.7478 

5876.5454 

7 

240.5936 

4606.3657 

7 

256.3016 

6227.4847 

7 

272.0096 

6887.8737 

8 

240.8554 

4616.3959 

8 

256.5634 

5238.1694 

8 

272.2714 

6899.2129 

9 

241.1172 

4626.4370 

9 

256.8252 

5248.8650 

9 

272.6332 

5910.6630 

10 

241.3790 

4636.4890 

10 

257.0870 

5259.5715 

10 

272.7950 

5921.9240 

11 

241.6408 

4646.5519 

11 

257.3488 

5270.2889 

11 

273.0568 

5933.2959 

V   0 

241.9026 

4656.6257 

83  0 

257.6106 

5281.0178 

87  0 

273.3186 

6944.6787 

1 

242.1644 

4666.7104 

1 

257.8724 

5291.7565 

1 

273.5804 

5956.0724 

2 

242.4262 

4676.8061 

2 

258.1342 

6302.5066 

2 

273.8422 

6967.4771 

S 

242.6880 

4686.9126 

3 

258.3960 

5313.2677 

3 

274.1040 

5978.8928 

4 

242.9498 

4697.0301 

4 

258.6578 

5324.0396 

4 

274.3658 

5990.3191 

& 

243.2116 

4707.1584 

5 

258.9196 

5334.8225 

5 

274.6276 

6001.7564 

6 

243.4734 

4717.2977 

6 

2.59.1814 

5345.6162 

6 

274.8894 

6013.2047 

7 

243.7352 

4727.4479 

7 

259.4432 

5356.4209 

7 

276.1512 

6024.6639 

8 

243.9970 

4737.6090 

8 

259.7050 

5367.2365 

8 

276.4130 

6036.1340 

9 

244.2588 

4747.7810 

9 

259.9668 

5378.0630 

9 

275.6748 

6047.6149 

10 

244.5206 

4757,9639 

10 

260.2286 

5388.9004 

10 

275.9366 

6059.1068 

11 

244.7824 

4768.1577 

11 

260.4904 

5399.7487 

11 

276.1984 

6070.6097 

78  0 

245.0442 

4778.3624 

88  0 

260.7522 

6410.6079 

88  0  276.4602 

6082.1234 

1 

245.3060 

4788.5781 

1 

261.0140 

5421.4781 

1 

276.7220 

6093.6480 

2 

245.5678 

4798.8046 

2 

261.2758 

5432.3591 

2 

276.9838 

6105.1835 

3 

215.8296 

4809.0420 

3 

261.5376 

5443.2511 

S 

277.2456 

6116.7300 

4 

246.0914 

4819.2904 

4 

261.7994 

5454.1539 

4 

277.5074 

6128.2873 

5 

246.3532 

4829.5497 

5 

262.0612 

5465.0677 

5 

277.7692 

6139.8556 

6 

246.6150 

4839.8198 

6 

262.3230 

5475.9923 

6 

278.0309 

6151.434ft 

7 

246.8768 

4850.1009 

7 

262.5848 

5486-9279 

7 

278.2927 

6163.0248 

8 

247.1386 

4860.3929 

8 

262.8166 

5497.8744 

8 

278.6545 

6174.6258 

9 

247.4004 

4870.6958 

9 

263.1084 

5508.8318 

9 

278.8163 

6186.2377 

10 

247.6622 

4881.0096 

10 

263.3702 

6519.8001 

10 

279.0781 

6197.8606 

11 

247.9240 

4891.3343 

11 

263.6320 

6530.7793 

11 

279.3399 

6209.4W2 

99  0 

248.1858 

4901.6699 

84  0 

263.8938 

5541.7694 

89  0 

279.6017 

6221.1389 

1 

248.4476 

4912.0165 

1 

264.1556 

5552.7706 

1 

279.8635 

6232.7944 

2 

248.7094 

4922.3739 

2 

264.4174 

5563.7824 

2 

280.1'253 

6244.4608 

3 

248.9712 

4932.74-28 

3 

2&4.6792 

6574.8053 

8 

280.3871 

6256.1382 

4 

249.2330 

4943.1215 

4 

264.9410 

6585.8390 

4 

280.6489 

6267.8264 

5 

249.4948 

4953.5117 

6 

265.2028 

5596.8837 

6 

280.9107 

6279.5256 

6 

249.7566 

4963.9127 

6 

265.4646 

5607.9392 

6 

281.1725 

6291.2356 

7 

250.0184 

4974.3247 

7 

265.7264 

5619.0057 

7 

281.4343 

6302.9566 

8 

250.2802 

4984.7476 

8 

265.9882 

5630.0831 

8 

281.6961 

6314.6885 

9 

250.5420 

4995.1814 

9 

266.2500 

5641.1714 

9 

281.9579 

6326.4313 

10 

250.8038 

5005.6261 

10 

266.5118 

5652.2706 

10 

282.2197 

6338.1850 

11 

251.0656 

5016.0817 

11 

266.7736 

5668.3807 

11 

282.4816 

6W9.9496 

12 

c 
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CIBCLE8. 


TABI^E  8  OF  CIRCLES-KOontiiiiied). 
Dlaniii  Im  anlto  And  tweUltliat  as  in  feet  and  tnebca. 


Dla.  iCircnmf. 

Are.. 

Dia. 

Circumf. 

Area, 

Bi.. 

Circnmf. 

Area.  ' 

Ft.lu. 

Feet. 

Sq.ft. 

FtJn. 

Feet. 

Sq.ft 

FUn. 

Feet. 

Sq.  ft. 

90  0 

282.7433 

6361.7251 

98   5 

298.4771 

6853.9134 

96  9 

808.9491 

7351.7686 

1 

283.0051 

6373.5116 

6 

298.7389 

6866.1471 

10 

304.2109 

7364.4386 

2 

28;i.2669 

6385.3089 

7 

294.0007 

6878.3917 

11 

804.4?i7 

7377.1196 

3 

28H,5287 

6397.1171 

8 

294J2625 

6890.6472 

97   0 

304.7345 

7389.8118 

4 

28^.7905 

6408.9363 

9 

2?"  "-^3 

6902.9135 

1 

804.9963 

7402.5140 

6 

28i.0523 

6420.7663 

10 

2J      ^1 

6915.1908 

2 

805.2581 

7415.2277 

6 

284.3141 

6432.6073 

11 

2«       179 

6927.4791 

8 

305.5199 

7427.9522 

7 

284.5759 

6444.4592 

94  0 

2J      m 

6939.7782 

4 

305.7817 

7440.6877 

8 

284  8377 

6456.3220 

1 

2J      ri5 

6952.0882 

6 

306.0435 

7453.4340 

9 

28^..m95 

6468.1957 

2 

2£       533 

6964.4091 

6 

306.3053 

7466.1918 

10 

28^^.3613 

6480.0803 

3 

2«       )51 

6976.7410 

7 

806.5671 

7478.9695 

11 

285.0231 

6491.9758 

4 

21     ;)69 

6989.0837 

8 

306.8289 

7491.7386 

fl    0    2^.8849 

6503.8822 

.5 

29U.6187 

7001.4374 

9 

307.0907 

7504.5285 

1I280.U67 

6515.7995 

6 

296.8805 

7013.8019 

10 

807.3525 

7517.3294 

2 

28B.4085 

6527.7278 

7 

297.1423 

7026.1774 

11 

807.6143 

7530.1412 

8 

286.6703 

6539.6669 

8 

297.4041 

7038.5638 

98  0 

807.8761 

7542.9640 

4 

286.9321 

6551.6169 

9 

297.6659 

7050.9611 

1 

308.1379 

7555.7976 

6 

287.1939 

6563.5779 

10 

297.9277 

7063.3693 

2 

308.3997 

7568.6421 

6 

287.4557 

6575.5498 

11 

298.1895 

7075.7884 

3 

308.6615 

7581.4976 

7 

287.7175 

6587.5325 

95   0 

298.4513 

7088.2184 

4 

308.9233 

7594.3639 

8 

287.9793 

6599.5262 

1 

298.7131 

7100.6593 

6 

309.1851 

7607.2412 

9 

288.2411 

6611.5308 

2 

298.9749 

7113.1112 

6 

309.4469 

7620.1293 

10 

28ii.5029 

6623.5463 

3 

299.2367 

7125.5739 

7 

309.7087 

7633.0284 

11 

288.7647 

6635.5727 

4 

299.4985 

7138.0476 

8 

309.9705 

7645.9884 

M   0 

289.0265 

6647.6101 

5 

299.7603 

7150.5321 

9 

310.2323 

7658.8698 

1 

289.2883 

6659.6583 

6 

300.0221 

7163.0276 

10 

310.4941 

7671.7911 

2 

289.5501 

6671.7174 

7 

300.2839 

7175.5340 

11 

310.7559 

7684.7338 

8 

289.8119 

6683.7875 

8 

300.5467 

7188.0513 

99  0 

811.0177 

7697.6874 

4 

290.0737 

6695.8684 

9 

300.8075 

7200.5794 

1 

811.2795 

7710.6519 

6 

290.3355 

6707.9603 

10 

301.0693 

7213.1185 

2 

311.6413 

7723.6274 

6 

290.5973 

6720.0630 

11 

301.3311 

7225.6686 

8 

811.8031 

7736.6137 

7 

290.8591 

6732.1767 

96  0 

301.5929 

7238.2295 

4 

812.0649 

7749.6109 

8 

291.1209 

6744.3013 

1 

301.8547 

7250.8013 

6 

812.3267 

7762.6191 

9 

291.8827 

67564368 

2 

302.1165 

7263.8840 

6 

812.5885 

7775.6382 

10 

291.6445 

6768.5832 

3 

302.3783 

7275.9777 

7 

812.8503 

7788.6681 

11 

291.9063 

6780.740) 

4 

302.6401 

7288.5822 

8 

813.1121 

7801.7090 

W    0 

292.1681 

6792.9087 

5 

302.9019 

7301.1977 

9 

813.3739 

7814.7608 

1 

292.4299 

6805.0878 

6 

303.1637 

7313.8240 

10 

313.6357 

7827.8235 

2  '  292.6917 

6817.2779 

7 

303.4255 

7326.4613 

]1 

313.8975 

7840.8971 

3    292.9535 

6829.4788 

8 

303.6873 

7339.1095 

100  0 

314.L'^93 

7853.9816 

4    293.2153 

6&41.6907 

Dim. 

Olroamf. 

Diara, 

Oiroamf, 

Diam. 

Oiroamr, 

Diam. 

Clroamf, 

Diam. 

Cfroamf. 

laeh. 

foot 

tneh. 

foot 

.057269 

Inch 

27-64" 

fbot 

.110447' 

Ineh. 

6-8 

fbot. 

Ineh. 

foot. 

164 

.004091 

7-32 

.163626 

63-64 

.'216808 

1-32 

.008181 

15-64 

.061369 

7-16 

.114637 

41-64 

067716 

27-32 

.220^93 

8-64 

.012272 

iH 

.066460 

29-64 

.118628 

21-32 

.171806 

66-64 

.224084 

1-16 

.016362 

.069540 

16-32 

022718 

48-64 

.176806 

7-8 

.229074 

ft^ 

.020468 

Q.32 

.073631 

81-64 

J26809 

11-16 

079987 

67-64 

.233161 

8>82 

.024644 

19-64 

.077722 

^ 

030900 

46-64 

.184078 

29-32 

.237256 

VJ* 

.028634 

6-16 

.081812 

.134990 

28-82 

088168 

69-64 

.241346 

& 

.032726 

21-64 

.085908 

17-32 

039081 

47-64 

.192269 

16-16 

.246487 

.036816 

11-32 

.089994 

86-64 

043172 

4^ 

096360 

61-64 

.248628 

6-82 

.040906 

28-64 

.094084 

9-16 

.147262 

.200440 

81-32 

.263618 

11.64 

A 

.098176 

37-64 

.151353 

26-32 

.204631 

63-64 

.267709 

S-16 

.049087 

.102266 

19-32 

066443 

61-64 

.208621 

1 

.261709 

''%U      .W3178  1 

13-32 

.106366 

39-64 

.169534 

13-16 

.21J?Hg^ 

^^1 

nigiljz 

sdbyXjQl 

'^^ 
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BnlM  for  Fig.  1  apply  to  «11  «n»«giial  to,  or  iMt  than,  a  seml-cirdo. 
"       **  Fig.  2      *'  '*  **  or  gi^ter  tban,  a  ■emi-drou. 


Clkordy  a  b,  ot  ^vrhole  are,  adb, 

2  X  \/radiu8«  —  (radlm  —  ri««)«.    Fig.  1. 
2  X  \/radiiia«  —  (rise  —  radiufl)^.    Fig.  2. 
2  X  \/ri9e  X  (2  X  radius  —  rise).    Figs.  1  and  2. 
2  X  radius  X  lin^  of  H  a  ob.    Figs.  1  and  2. 
ris9 


—  2X 


Figs,  land 2. 


tangent  of  a  b  d.* 
2  X  <ifri'X  cosineof  abd.*    Figs,  land 2. 
2  X  \/d6S  —  rises.    Figs.  1  and  2.2 
approximately  8  X  <lbg  —  3  X  length  of  arc  a  db^f.    Fig.  1. 


^^  are  ad  bin  degrees     ipi«.io„^o. 

—  2  «•  radius  X  ^ — •  ^*8*-  1  ana  2; 

—  .01745  X  radius  X  »rc  a  d  b  In  degrt-es.    Figs.  1  and  2. 


>  circumference  of  circle  —  length  of  gmaU  aic  subtending  angle  ach.    Fig.  2. 


—  approximately 


8  X  db;  —  chord ab.»* 


Fig.l. 


*  a  b  d  is  —  ^  of  1he  angle  acl,  subtended  by  the  arc.    In  Fig.  2  the  latter  angle 

exceeds  180°.  

gd''  —  chord  of  dib,  or  of  half  a  db  — VriseP  -»-  (M  « ^)*-    ^8^  1  and  2. 


T  If  rise  — 
.5     chord, 
.4        « 


••If  rise - 
.5     chord 
.4        «* 


multiply  the  rsaolt  by 
1.036 
1.0193 
1.0114 
1.0083 


If  rise  — 
.25   chord, 
.2 

.126     •« 
.1         « 


multiply  the  result  by  I  If  rise  — 

1.012  I  .25   chord 

1.0066  I  .2        « 

1.0088  I  .125     ** 

iJOfm  I  .1         « 


multiply  the  result  by 
1.0044 
1.0021 
1.00036 
1.00016 

multiply  the  result  1^ 
1.0015 
1.0007 
1.00012 
1.00006 
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CIBCUIAR  ABOB. 


Contliiued  from  p.  179. 


RalM  for  Fig.  1  apply  to  all  arcs  equal  to  or  less  than  a  semi-circle. 
**       **   Fig.  2    "  **  **  or  greater  than  a  semi-circle. 

Radlnsy  ea,  cd,  ei  or  eb^ 

_  (H  gfty  -f  rise*  ^  Figs.  Iand2. 
2  X  rise 
db 


,  Figs.  1  and  2. 

2  X  rise 

^         ^^^         ,  Figs.  1  and 2. 

sine  of  3^  a  c  6 
^  riaode ^  pj^  ^ 

1  —  cosine  of  ^  a  c  6 


—         K<^^!         ,  Figs.  1  anda. 
sine  of  "^bcdl 
rise  d  e 


1  +  cosine  of  J^  a  c  6  f 


.  ,  Kg.  i 


Rlaey  or  ntilddle  ordliuttey  <l% 

—  radios  —  v^radius*  —  0^  a  6)2,  Fig.  1. 

—  radius  +  v^radius*  —  (H  «  ^)**  ^g-  2. 

—  radius  X  d  —  cosine  of  bed{\  Fig.  1. 

—  radius  X  (1  +  cosine  of  6  c  d  ||),t  Fig.  i 


dH^l 


.  ,  Figs.  1  and  2. 


2  X  radius 
■*-  J^  a  6  X  tangent  of  o  5  d,*  Figs.  1  and  2. 

When  radius  —  chord  a  6,  the  result  is  6.7  parts  In  100  too  shufC 
**  *•      —  3  X  chord  a  b,  the  result  is  0.7  parts  In  100  too  ihort 


Side  ordinate,  «■  n  4, 

:=  >/ radius*  —  en*  +  rise  —  radius,  Flga.  1  and 2. 
=  approximately  /^  ^  ^  Fig.  l.f 

*  a  6  d  is  =  3^  of  the  angle  ach^  subtended  by  the  arc. 

f  Strictly,  this  should  read  1  miims  cosine ;  but  the  cosines  of  angles  between  90** 
and  270^  must  then  be  regarded  as  mimu  or  negative.  Our  rule,  therefore,  amounts 
to  the  same  thing.  

g  d6  —  chord  of  d»6,  or  of  half  o  d  6,  —  -v/rise^  +  (Vi  a  6)*.    Figs.  1  and  2. 

1 6  c  d  ■—  half  the  angle  a  oh  subtended  by  the  arc.  In  Fig.  2,  the  latter  angle 
exceeds  \9fP, 

f  When  radius  =  chord  a  h,  this  makes  de  6.7  parts  in  100  too  short. 
"         <*   =  8  X  chord  a  &,  this  makes  d  e  0.7  parts  in  100  too  short 

•  The  proportionate  error  is  greater  with  the  side  ordinatet. 
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An  angle  and  its  supplement  (as  6  e  e  and  b  e  <i,  Fig.  2)  have  the  same  ii$t»,  the 
Bxme  co$iu4  and  the  same  tan^fmU. 
Caution.    The  following  sines,  eto.,  are  those  of  only  /uii(f  acb. 

Sine  of  ^  ac6  -  ^^  .  ^tS^  I  M»d  2. 
^^  radius 

n^i^^  ^#  1^  -  -  k       radius  —  rise     _,     ,          rise  —  radius    —     « 
Oodneof>^«c6 ____,Fig.l; _^^__,P|g.2. 

Tangent  of  >^  a  «  6  -     ^.^"^^     ,  rig.  1 ;  -  _,     ^°^,      ,  Wg.  2. 
^*  radius  —  rise  '      *     *       rise  —  radius  *    ^^ 

Ver8edsiBeor^acfr«.-4r-  *Figs.laad2. 
'^  radius 


To  dMoHl^  tlMB  fure  ^i»  eirple  t9«  WfS*  <^  <>^  dlirid«n. 
let  Jd(eUkod«    I<et  a cba  the  chon^  and o  b  the  beight,i  of  the  required  are, as 


laid  down  on  (he  drawina.  On  a  separate  itrip  of  paper,«emn,  drawac.  o6.  andab 
aleo  b  e,  parallel  to  the  dhord  a  e.  It  is  wall  to  make  b«,  and  b  «,  each  a  little  longer 
than  a  b.  Then  cut  off  the  pi^er  oarefhlly  along  t^  lines  8  b  and  b  «,  so  as  to  leare 
remaining  only  the  strip  $ab€mn.  No^  if  the  straight  sides  s  b  aod  b  e  be  applied 
ta  the  drawing,  so  that  aay  parts  of  them  shall  tone h  at  the  same  time  the  points  a 
and  b,  or  b  and  c,  the  point  h  oo  the  strip  will  be  in  die  circumferenoe  of  the  are, 
and  may  be  pricked  off.  Thus,  any  number  of  points  in  the  arc  may  he  t>nnd,  and 
afterward  united  to  fnrm  the  curre. 
94Bf«tlMd«   Draur  tke  van  a  b/ the  rise  re;  and  a  «^  b  «.    From « with  nKUos 


e  r  describe  a  circle.  Make  each  of  the  arcs  o  t  and  i  I  equal  to  ro  or  r  i;  and  draw 
eteL  Diride  et,  e{,  or,  each  into  lialf  as  many  equal  pnirts  as  the  curre  is  to  be  dirided 
into.  Draw  the  lines  bl,  b2,  b3;  and  a4,  a5,  afi,  extended  to  meet  the  first  ones  at 
e, «,  A.  Then  «,  «,  A,  are  points  in  one  half  the  cnnre.  Then  for  the  other  hal^  draw 
aimilar  lines  from  a  to  7,  8,  9;  and  others  fh>m  b  to  meet  them,  as  before.  Trace 
the  eorre  by  band. 
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CIRCULAR   ARCS. 


Remark*  -It  maj  freqnen^j  be  of  om  to 


tlM*  te  tnj  are  6  o  1^  Dol 


3Z0MdlDg  29^,  or  In  mher  words,  whose  chord  bt  <t  a<  lead  tixtem  iimm  iU  ri$9,  th« 
nUddle  ordinate  a  o,  will  be  oQe-halt  of  a  c,  quite  near  eaongh  for  nuny  par- 
posfs;  6  c  »nd  «  e  beinis  tangents  to  the  arc.f  And  rice  Tenia,  if  in  such  an  arc  we 
make  o  c  eqaal  a  o.  then  will  c  be,  very  nearly,  the  point  at  which  tangents  firom  the 
ends  of  the  arc  will  meet.  Also  the  mukUe  ordinate  n,  ot  tbe  tkmlt  are  o  6,  or 
o«,  will  be  approximately  ^  of  a  o^  the  middle  ordinate  of  the  whole  arc.  Indeed, 
this  last  obseryacion  will  apply  near  enough  for  many  approximate  nset  eren  if  the 
arc  be  as  great  as  45° ;  for  if  in  that  case  we  take  ^  of  o  a  for  the  ordinate  n,  n  will 
then  be  but  1  part  in  1U3  too  small;  and  therefore  the  principle  may  often  be  used 
in  drawings,  tor  finding  poiiits  in  a  curve  of  too  great  radius  to  be  drawn  by  the 
diriders ;  for  in  the  same  manner,  V^  of  n  will  be  the  middle  ordinate  for  the  arc  n  ft 
or  n  o;  and  ko  on  to  any  extent.  Below  will  be  found  a  table  bjr  iifbLicb  tkie 
rise  or  middle  ordinate  ot  a  "hnlt  sure  can  be  obtained  with  greater 
accuracy  when  required  for  more  exact  drawings. 

cnmcviiAR  ARCS  nr  FRBQ,tnsfiT  trsis. 

The  fifth  column  is  of  use  for  finding  pohits  for  drawing  arcs  too  large  for  the 
beam-compass,  on  the  principle  giTen  above.  In  even  the  largest  offloe  drawings  it 
will  not  be  necessary  to  use  more  than  the  first  three  decimals  of  the  fifth  column ; 
and  afrer  the  arc  is  subdivided  into  parts  smaller  than  about  85^  each,  the  first  two 
decimals  .25  will  generally  sufOice.    Original. 


Biie 

For 

For  rise 

Blse 

For 

For 

in 

Degrees 

Forrad 

length  of 

of  half 

in 

For  nd 

length  ol 

rise  or 

paru 

in  whole 

mult  rise 

aro  mult 

arc 

parts 

in  whole 

malt  rise 

aro  malt 

halfaro 

of 

are. 

»V 

ehord 

mnltrlae 

of 

aro. 

by 

ehord 

nuOt 

•hoed. 

by 

by 

•herd. 

by 

o        t 

o        / 

1-fiO 

9     9.76 

313. 

1.00107 

.2501 

r? 

66     8.70 

8.5 

lX)4lie 

.2688 

1-46 

10   10.76 

263.625 

1.00132 

.2501 

63  46.90 

6.628 

1.05866 

.8649 

1-40 

11   26.98 

200.6 

1.00167 

.2602 

.166 

68  63.63 

6.70291 

1.06286 

Ji667 

l-v36 

13     4.92 

153.626 

1.00219 

.2602 

l-« 

73  44.89 

6. 

1.0726<^ 

.2686 

1-80 

16  16.38 

113. 

1.00296 

.2503 

.18 

79  11.73 

4.86803 

1.08426 

.2676 

1-26 

18   17.74 

78.626 

1.00426 

.2504 

1-6 

87   12.34 

3.626 

1.10347 

.2693 

1-20 

22  50.64 

60.6 

1.00666 

.2606 

.207107 

90 

3.41422 

1.11072 

.2599 

1-19 

24     2.16 

46.626 

1.00737 

.2607 

.225 

96  64.67 

2.96913 

1.12997 

.2615 

1-18 

26  21.66 

41. 

1.00821 

.2508 

.^5 

106  15  61 

2.6 

1.16912 

.2639 

1-17 

26  60.36 

36.625 

1.00920 

.2509 

116  14.69 

2.16289 

1.  J 9082 

.2665 

1-16  .28  30.0(» 

82.5 

1.01038 

.2510 

.3 

123  6130 

1.88889 

1.22496 

.2692 

1-16  30  22.71 

28.626 

1.01181 

.2611 

^ 

134  46.62 

1.626 

1.27401 

.2729 

1-14  32  31.22 

25. 

1.01365 

.2513 

144  80.98 

1.43827 

1.32413 

.2766 

1-13  84  59.08 

21.626 

1.01571 

.2516 

.4 

154  38  35 

1.28125 

1.38322 

.2808 

1-12  |87  60.96 

18.5 

1.01842 

.2617 

.426 

161   27.62 

1.19204 

1.42764 

.2838 

1-11  41   13.16 

15.625 

1.02189 

.2520 

.46 

167  66.93 

1.11728 

1.47.177 

.2868 

1-10  46   14.38 

13. 

1.02646 

.2526 

.476 

174     7.49 

1.064i>2 

1  52162 

.2899 

1-9     60     6.91 

1(».626 

1.03260 

.2630 

.6       180            1 

1. 

1.67080'  .2929 

^  At  29^^  o  0  thus  fimnd  will  be  but  aboat  8  parts  too  abort  in  lOo. 
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Lensttas  of  drenlar  ares.  It  are  exceeds  a  semlelrele,  see  p  184 

Knowing  Iti  chord  and  height,  divide  the  height  by  the  chord.  Find  in  the  colnmn  of  beigbta  the 
nnmber  «aaal  to  thii  qootlent.  Take  oat  the  eorresponding  numb«r  from  the  oolamn  of  leogtba 
Multiply  thia  lait  namber  bj  the  length  of  the  given  diord. 


TABI.E  OF  €IR€UI<AR 

ARCS. 

No  errors 

H'ghti. 

Lengthi. 

H'ghta. 

Lengtha. 

H'ghU. 

Lengths. 

H'ghta. 

Ungtha. 

H'ghta. 

lengths. 

.001 

1.00003 

.076 

1.01588 

.151 

1.0697S 

•336 

1.13108 

.301 

1.22686 

QDS 

1.00003 

.077 

1.01578 

.153 

1.00051 

•327 

1.13219 

.302 

1.22778 

.006 

1.00003 

.078 

1.01614 

.158 

1.06130 

.228 

1.18331 

.303 

1.22920 

,004 

1.00004 

.079 

1.01656 

.154 

1.06200 

•339 

1.13444 

.304 

1.23068  . 

.005 

1.00007 

.080 

1.01698 

.ISA 

1.06288 

•230 

1.13557 

.305 

-1.23206 

.006 

1.00010 

.081 

1.01741 

.156 

1.06368 

•281 

1.13671 

.306 

1.23.349 

.007 

1.00018 

.083 

1.01784 

.157 

1.06440 

.282 

1.13786 

.307 

1.2.3403 

.000 

1.00017 

.088 

1.01838 

.158 

1.06530 

.283 

1.18900 

.308 

L23636 

M» 

1.00032 

.084 

1.01873 

.159 

1.06611 

.284 

1.14015 

.809 

1.28781 

.010 

1.00027 

.085 

1.01916 

.160 

1.06696 

.235 

1.14181 

.810 

1.23926 

.011 

1.00032 

.086 

1.01S61 

.161 

1.06775 

•236 

1.14247 

.811 

1.24070 

.013 

1.00038 

.087 

1.02006 

.162 

1.06858 

.287 

1.14368 

.313 

1.24216 

.016 

1.00045 

.088 

1.0'2053 

.168 

1.06941 

.288 

M4480 

.818 

.24.361 

.014 

1.00058 

.069 

1.02(98 

.164 

1.07025 

.239 

1.14697 

.814 

.34507 

.on 

1.00061 

.090 

1.02148 

.166 

1.07100 

.240 

1.14714 

.315 

1.34664 

.016 

1.00069 

.091 

1.0J193 

.166 

1.07194 

.241 

1.14883 

.816 

1.34801 

017 

1.00078 
1.00087 

.092 

1.02240 

.167 

1.07379 

.243 

1.14951 

.317 

1.24948 

.018 

.093 

1.02J89 

.168 

1.07365 

.248 

1.15070 

.318 

1.25066 

.019 

1.00097 

.004 

1.02:^39 

.169 

1.07451 

.244 

1.15189 

.319 

1.35248 

.oao 

1.00107 

.095 

1.02*9 

.170 

1.07587 

.245 

1.15308 

.330 

1.25891 

.021 

1.00117 

.096 

1.02440 

.171 

1.07624 

.346 

1.15438 

.321 

jon 

1.00138 

097 

1.02491 

.172 

1.07711 

.847 

1.15649 

.322 

LS5669 

.023 

1.00140 

.098 

1.02542 

.178 

1.07799 

.248 

1.15670 

.328 

1.2S838 

.024 

1.00153 

.099 

1.02598 

.174 

1.07888 

.249 

1.15791 

.324 

1.2S968 

.025 

100167 

.100 

1.02646 

.175 

1.07977 

.250 

1.15918 

.825 

1.26188 

.026 

1.00183 

.101 

1.02698 

.176 

1.08066 

.251 

1.16084 

.826 

1.26288 

.027 

1.00196 

.103 

1.02752 

.177 

1.06136 

.253 

1.16156 

.827 

1.26487 

.028 

1.00210 

.103 

1.02806 

.178 

1.08246 

.258 

1.16279 

.338 

1.26588 

.029 

1.00225 

.104 

1.02860 

.179 

1.08887 

.254 

1.16403 

.320 

1.26740 

.080 

1.00940 

.105 

1.02914 

.180 

1.06438 

.256 

1J6526 

.330 

1.26802 

.061 

1.00256 

.106 

1.02970 

.181 

1.06519 

.256 

1.16660 

431 

1.37044 

i»S 

1.00273 

.107 

1.03026 

.183 

1.06611 

.267 

1.16774 

.333 

1.27196 

.033 

1.00289 

.108 

1.03082 

.188 

1.08704 

.268 

1.16^ 

.833 

1.8784fr 

.034 

1.00807 

.109 

1.03139 

.184 

.259 

1.17024 

.334 

1. '27502 

.035 

1.00337 

.110 

1.03196 

.185 

1.08890 

.260 

1.17150 

.335 

1.27656 

.036 

''">n45 

.111 

1.03254 

.186 

1.08984 

.261 

1.17276 

.336 

1.27810 

.037 

164 

.112 

1.03312 

.187 

1.09079 

.263 

1.17403 

.337 

1.27964 

.038 

184 

.113 

1.03371 

.188 

1.09174 

.268 

1.17530 

.338 

1.28118 

.039 

i05 

.114 

1.03^30 

.189 

1.09269 

.264 

1.17657 

.339 

1.28278 

.040 

m 

.115 

1.03490 

.190 

1.C9365 

.266 

1.17784 

.340 

1.'28428 

.041 

147 

.116 

1.0.3551 

.191 

1.09461 

.266 

1.17912 

.341 

1.28583 

.042 

169 

.117 

1.03611. 

.192 

1.09557 

.267 

1.18040 

.341 

1.28739 

.043 

192 

.118 

1.03672 

.198 

1.09654 

.268 

1.18169 

.343 

1.28896 

.044 

►15 

.119 

1.03734 

.194 

1.09752 

.269 

1.18-Z99 

.344 

1.29052 

.045 

;39 

.120 

1.03797 

.195 

1.09850 

.270 

1.18429 

.345 

.046 

i  .■.J.i63 

.121 

1.03860 

.196 

1.09949 

.271 

1.18559 

.346 

1.29.Y66 

.047 

l.(HJ587 

.122 

1.03923 

.197 

1.10048 

.272 

1.18689 

.347 

1.29523 

.048 

1 .00812 

.123 

1.03987 

.198 

1.10147 

.278 

1.18820 

.348 

1.29681 

.049 

\  00(tt8 

.124 

1.04051 

.199 

1.10247 

.274 

1.18951 

..H49 

1.29839 

.050 

■i.ni)tj65 

.125 

104116 

.200 

1.10347 

.275 

1.19082 

.350 

1.29997 

.051 

].<n-,m 

.126 

1.0^181 

.201 

1.10447 

.276 

1.19214 

.351 

1.30156 

.062 

1  i'.'trao 

.127 

1.04247 

.203 

1.10548 

.277 

1.19346 

.352 

1.80315 

053 

]  nif748 

.128 

i.04;jl3 

.203 

1.10650 

.278 

1.19479 

.353 

1.30474 

.054 

i  -ir76 

.129 

1.04380 

.204 

1.10752 

.279 

l.ltl«12 

.354 

1.80634 

J»55 

«5 

.130 

1.04447 

.205 

1.10855 

.280 

1.19746 

.355 

1.30794 

.056 

»4 

.131 

104515 

.206 

1.10958 

.281 

l.li»880 

.356 

1.30954 

.nf.7 

1    m 

.132 

1.04584 

.207 

1.11062 

.282 

1.20014 

.357 

1.81115 

.058 

m 

.133 

1.04652 

.208 

1.11165 

.2e3 

,  -u» 

.358 

1.31276 

.059 

m 

134 

1.04722 

.209 

1.11269 

.284 

284 

.359 

1.31437 

.060 

>57 

.135 

1.04792 

.210 

1.11374 

.286 

419 

.360 

1.31599 

.061 

m 

.136 

1.04862 

.211 

1.11479 

.286 

555 

.361 

1.31761 

.062 

Yil 

.137 

1.04932 

.212 

1.11584 

.287 

691 

.362 

1.31928 

.063 

^      )54 

.138 

1.05003 

.213 

1.11690 

.288 

827 

.363 

1.32086 

.064 

i.«yii)88 

.139 

1.05075 

.214 

1.11796 

.280 

964 

.364 

1.82249 

.066 

1.01123 

.140 

1.05147 

.215 

1.11904 

.290 

1.21102 

.365 

1.82413 

.066 

1.01158 

.141 

l.(B220 

.216 

1.12011 

.291 

1.21239 

366 

1.32677 

.067 

1.01193 

.142 

1.05293 

.217 

1.12118 

.293 

1.21377 

.367 

1.82741 

.068 

1.01228 

.143 

1.05367 

.218 

1.12225 

.293 

l,i'1515 

.368 

1.32906 

.069 

101264 

.144 

1.05441 

.219 

1.12334 

.294 

654 

..369 

1.3.3069 

.070 

1.01302 

.145 

1.05516 

.220 

1.12444 

.295 

794 

.370 

1.. 33234 

.071 

1.01888 

.146 

1.05591 

.221 

1.12554 

.296 

938 

.371 

1.33399 

.072 

1.01376 

.147 

1.05667 

222 

1.12664 

.297 

i..*073 

.372 

1.. 33564 

.073 

1.01414 

.148 

1.05743 

.223 

1.12774 

.•.i98 

1.22213 

378 

1.33730 

.074 

1.01453 

.149 

1.05819 

.224 

1.12885 

.299 

1.22354 

.874 

1.33896 

.076 

1.0149S 

.150 

1.05696 

.225 

1  12997 

.300 

1.22495 

.376 

1.34063 
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UENBUBATION. 


TABI.S 

OF  flIBCUI.AR  AK€ft— (€09nKvn».) 

H'gbU. 

Leagtbs. 

H-ghts. 

Length!. 

H'ghU. 

Length*. 

H'ghtt. 

Lengths. 

H'ghU. 

Lragthi. 

jm 

1.84329 

.401 

1.88496 

.426 

1.12945 

.451 

1.47666 
I.47»5l 

.476 

1.52346 

i5 

134396 

.402 

1.38671 

.427 

1.4312* 

.461 

.477 

1.52i-U 

1.84563 

.403 

1.38846 

.428 

l.;3309 

.468 

1.47942 

.478 

1.52736 

^79 

1.34731 

.404 

1.39021 

.429 

1.4il491 

.454 

1.48131 
1.48820 

.479 

1.52&31 

J» 

1.84899 

.405 

1.39196 

.436 

1.43673 

.456 

.480 

1.53126 

an 

1.36068 

.406 

1.39672 

.431 

1.43S56 

.456 

1.48509 

.481 

1.53322 

,»a 

1.35M7 

.407. 

1.30548 

.432 

I.-H039 

.467 

1.48690 

.488 

1.S3518 

.388 

1.35406 

.4<^8 

1.39724 

.438 

1.44222 

.458 

1.48889 

.483 

1.53714 

.384 

1.36576 

.409 

1.39900 

.434 

1.44106 

.460 

1.48079 

.484 

1. 53918 

.385 

1.85744 

.410 

1.40077 

.436 

1.44589 

.460 

1.49269 

.486 

1.54106 

.386 

1.36914 

.411 

1.40254 

.438 

1.447T3 

.461 

1.49460 

.481 

1.54301 

.387 

1.36084 

.412 

1.40432 

.487 

1.44967 

.462 

1.49661 

.487 

1.54491 

.388 

1.36254 

.418 

1.40610 

.438 

1.45142 

.468 

1.49642 

.488 

1.. 54696 

.388 

1.364SS 

.414 

1.40788 

.439 

I.4:>327 

.464 

1.50083 

.489 

1.54899 

.800 

1.36596 

.415 

1.40968 

.440 

1.43512 

.466 

1.50284 

.490 

1.55091 

.381 

1.38767 

.416 

1.41146 

.441 

1.43697 

.466 

1.50416 

.491 

1.53289 

J8B 

1.86939 

.417 

1.41314 

.442 

1.43883 

.467 

1.50608 

.498 

1.55487 

.388 

1.37111 

.418 

1.41509 

.443 

1.46069 

.468 

1.60800 

.498 

1.55686 

Mi 

1.37383 

.419 

1.41682 

.444 

1.40256 

.409 

1.60992 

.484 

1.55884 

.385 

1.37465 

.420 

1.41861 

.446 

1.46441 

.470 

1.61186 

.496 

1.56088 

J86 

1.37688 

A-n 

1.42041 

.446 

1.46628 

.471 

1.51878 

.496 

1.56282 

jam 

1.37801 

.422 

1.422-il 

.447 

1.46316 

.472 

1.51571 

.4^ 

1.56481 

.388 

1.37974 

.423 

1.42402 

.448 

1.47002 

.473 

1.51764 

.498 

1.5668! 

.388 

1.88148 

.424 

1.42583 

.449 

1.47189 

.474 

1.61958 

.490 

1.56881 

.400 

1.88332 

.425 

1.42764 

.430 

1.47377 

.476 

1.62162 

.600 

1.57080 

If  the  are  is  ffreater  tban  a  nemleirele,  then,  i^  directed  at  top  of 

p  18T.flBd  the  diam  of  t^  oircle.    Then  find  its  circamf.    Prom  dUm  tiike  ht  of  are.    The  rem 
win  be  bt  of  the  amaDer  are  of  the  oircle.    By  mle  at  top  of  f  188  flod  the  length  of  tbla  ■ 
Bubtraet  U  flrom  oircvmf. 
The  length  of  1  degree  of  a  eiroular  arc  ii  aqoal  to  .017468  292  620  X  its  radloi. 

••        "        "  1  minute        "        "  .000290  888  tW9  X   "        " 

"        "        "  1  eeooDd        ••        "        .000094  848  187  X    '*        " 

An  arc  of  1°  of  the  eiirth'ii  mrent  circle  is  but  4.6366  feet  longpr  than  its 
etaord.  luiengtb  fa  69.16  land  or  ■tatotemllee.    Karth'i  equatorial  rad= 3962.5705  milei.  Polar  3949.67. 

Aa  M«  of  IS  r»d  1  Mfle,  U  92.1654  feet ;  a  minnte  !■  1.6369  flaet;  a  aeeon4  U  .98S«  of  a  fSMi 
or  Ttry  nearlj  6-eIxteHnths  of  aa  iaeh.    Jkf  of  IS  riMl  !••  ft  =  1.74688  tML 
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To  find  the  lenfrtli  of  •  eivciilar  are  by  tlie  foUowincr  table. 

Knowing  the  rmd  of  ttia  eirole,  «nd  the  asMon  of  (he  arc  1q  d«ff,  min,  ko. 
RuLs.  Add  together  the  lengths  in  the  table  foond  reepeotlreiy  opposite  to  the  deg,  mia,  *e,  of 
the  aro.    If  alt  the  sam  br  the  rad  of  the  oirole. 
Ex.  In  a  eirele  of  lS.4Jt  feet  rad,  !■  an  arc  of  It  deg,  S7  min,  8  nee.    How  long  is  the  are? 
Here,  opposite  l$p)eg  in  the  Uble,  we  find,  .2M89S8 
27  min"  "        "     .0078640 

•'         Ssee   **  "        '*     .000OS88 


8am  =  .2347858 
And  .3847856  X  13.4S  or  rad  =  1.918886  IBet,  tbe  reqd  length  of  are. 

I^EBTOTHS  OF  CIRCVEiAR  ARCS  TO  RAD  1. 


Deg. 

Length. 

Deg. 

Length. 

Deg. 

Length. 

Win. 

Length. 

See.  ' 

length. 

I 

.0174538 

61 

121 

2.1118484 

1 

.0002909 

1 

,0000048 

3 

.03*9066 

62 

1.08^1041 

122 

2.1293017 

3 

.0005818 

2 

.0000097 

3 

.0523599 

63 

1.0995574 

123 

2.1467650 

8 

.0008727 

3 

.0000146 

4 

.0698132 

64 

1.1170107 

124 

3.1&12083 

4 

.0011636 

4 

.0000194 

6 

.0872665 

65 

1.1344640 

125 

2.1816616 

5 

.0014544 

5 

.0000343 

6 

.1047198 

66 

1.1519173 

126 

2.1991149 

6 

.0017463 

6 

.0000291 

t 

.1221730 

67 

l.l«y3706 

121 

2.2165682 

7 

.0020362 

7 

.0000330 

< 

68 

L 1868239 

128 

2.2340214 

8 

.0023271 

8 

.0000388 

) 

.1570796 

69 

1.2J1277a 

129 

2.2514747 

9 

.0026180 

9 

.0000436 

Itt 

.1745329 

70 

1.3217305 

130 

2.2689280 

10 

.0029089 

10 

.0000485 

11 

.1919862 

71 

1.2391838 

131 

2.2863813 

11 

.0031998 

11 

11 

.2094395 

72 

1.2j.';G371 

132 

2.3038346 

12 

.0034907 

12 

.0000582 

13 

.3268928 

73 

1.2740904 

133 

2.3212879 

13 

,0037815 

13 

.0000630 

14 

.2443461 

74 

1.2915436 

134 

2.3387412 

14 

.0040724 

14 

.0000679 

16 

.2617994 

75 

1.3089969 

135 

2.3561945 

15 

.0043633 

15 

.OO0O72T 

16 

.2792527 

76 

1.3264502 

136 

2.3736478 

16 

.0046542 

16 

.0000776 

17 

.2967060 

77 

1.3439035 

137 

2.J9U011 

17 

.0049451 

17 

.0000824 

18 

.3141593 

78 

1.3613568 

138 

2.4083544 

18 

.0052360 

18 

.0000878 

19 

.3316126 

79 

1.3788101 

139 

2.4260077 

19 

.0055269 

19 

,0000921 

20 

.3490659 

80 

1.3962834 

140 

2.4434610 

20 

.0058178 

20 

.0000970 

21 

.3665191 

81 

1.4137167 

141 

2.4609141 

21 

.0061087 

21 

.0001018 

23 

.3839724 

82 

1.4311700 

142 

2.478.3675 

22 

.0063995 

32 

.0001067 

^ 

.4014257 

83 

1.4486233 

143 

2.4958208 

23 

.0066904 

33 

.0001116 

24 

.4188790 

84 

1.4660766 

144 

2.5132741 

24 

.0069813 

24 

.0001164 

36 

.4363323 

85 

1.4835299 

145 

3.5307274 

25 

.0072723 

25 

.0001212 

36 

.4537856 

86 

1.5009832 

146 

2.5481807 

26 

.0076631 

26 

.0001261 

3T 

.4712389 

87 

1.5184364 

147 

2.5656340 

27 

.0078640 

27 

.0001309 

28 

.4886922 

88 

1.5358897 

US 

3.6830873 

28 

.0081449 

28 

.0001357 

39 

.6061455 

89 

1.5533430 

149 

2.6005406 

29 

.0084368 

29 

.0001406 

30 

.5235988 

90 

1.5707963 

150 

3,6179939 

SO 

.0087266 

30 

.0001454 

31 

.5410521 

91 

1.5882496 

151 

3.6354472 

31 

.0090175 

31 

.0001503 

S3 

.5585054 

92 

1.6057029 

152 

2.6529005 

32 

,0093084 

32 

.0001551 

83 

.5759587 

93 

1.6231562 

153 

2.6703538 

S3 

.0095993 

33 

.0001600 

34 

.593*119 

94 

1,6406095 

154 

2.6878070 

34 

.0098902 

34 

.0001648 

36 

.6108652 

95 

1.6580628 

155 

2.7052603 

35 

.0101811 

35 

.0001697 

36 

.6283185 

96 

1.6755161 

156 

2.7227136 

36 

.0104720 

36 

.0001746 

87 

,6457718 

97 

1.6929694 

157 

2.7401669 

37 

.0107629 

37 

.0001794 

38 

.6632251 

98 

1.7104227 

158 

2.7576202 

38 

.0110538 

88 

.0001842 

39 

.6806784 

99 

1.7278760 

159 

2.7750735 

39 

.0113446 

39 

.0001891 

40 

.6981317 

100 

1.7453293 

16(1 

2.7925268 

40 

.0116355 

40 

.0001939 

41 

.7155850 

101 

1.7627825 

161 

2.8099801 

41 

.0119264 

41 

.0001988 

43 

.7330383 

102 

1.7802358 

162 

2.8274.^34 

42 

.0122173 

42 

.0002036 

43 

.7504916 

lOS 

1.7976891 

163 

2.8448867 

43 

.0125082 

43 

.0002085 

44 

.7679449 

104 

1.8151424 

164 

2.8623400 

44 

.0127991 

44 

.0002133 

45 

.7853982 

105 

1.8325957 

165 

2,8797933 

45 

.0130900 

45 

.0002181 

46 

.8028515 

106 

1.8500490 

166 

2.8972466 

46 

.0133809 

48 

.0003230 

47 

.8303047 

107 

1.8875023 

167 

2.9146999 

47 

.0136717 

47 

.0002279 

18 

.8377580 

108 

1.8849556 

168 

2.9321531 

48 

,0139626 

48 

.0002327 

49 

.8552113 

109 

1.9024089 

169 

2.9496064 

49 

.0142535 

49 

.0002376 

60 

.8726646 

110 

1.9198622 

170 

2.9670597 

50 

.0145444 

60 

.0002424 

61 

.8901179 

HI 

1.9373I.>5 

171 

2^846190 

51 

.0148353 

51 

,0002473 

62 

.9075712 

113 

1.9547688 

172 

8.0019663 

52 

.0151263 

52 

.0002521 

63 

.9250245 

113 

1.9722221 

173 

8.019419fl 

53 

.0154171 

55 

.0002570 

64 

.9424778 

114 

1.9896753 

174 

8.0368729 

54 

.0157080 

54 

.0002618 

66 

.9699311 

115 

2.0071286 

175 

3.0543263 

56 

.0159989 

55 

.0002666 

56 

.9773844 

116 

2.0245819 

176 

3.0717795 

56 

.0162897 

56 

.0002715 

67 

.9948377 

117 

2.0420352 

177 

3,0892328 

67 

0165806 

67 

.0002763 

iS 

1.0122910 

118 

2.0594885 

178 

S.  1066861 

58 

.0168716 

58 

.0002812 

69 

1.0297443 

119 

2.0769418 

179 

3.1241394 

59 

.0171624 

59 

.orn?86o 

•0 

1.0471976 

120 

2.0943951 

180 

ai41683T 

00 

.0174533 

60 

.0002900 

y  Google 


186 


MEKSITBATION. 


dRCITLAIl  SECTORS,  RINGS,  SBGBfBlfTS,  BTO* 
^^  Area  ot  a  eironiar  sector,  a  d  6  e.  Fig  A, 

arc  a  d  6  .  ^      .- 

2        ^  e 


—  area  of  entire  circle  X 


arc  g  d  6  in  degreea. 
860 


Area  of  a  circular  ring.  Fig.  B, 

—  area  of  larger  circle,  e  d,  —  area  of  smaller  one,  a  b. 
1^  ~m  .7854  X  (Btim  of  diams.  o<f  +  a  5)  X  (diff-  of  diams.  i  d^a  I.) 

—  1.5708  X  thickness  e  a  X  nim  ot  diameters  o  d  and  a  5. 


ro  And  tlie.radlua  ot  a  eirele  'vrHlcli  al&all  l&ave  tbe  aame  surea 
as  a  given  elrenlar  ring  eadab,  Fig.  B, 

Draw  any  radins  n  r  of  the  outer  circle ;  and  from  where  said  radins  cuts  the 
fainer  circle  at  t,  draw  <  «  at  right  angles  to  it.    Then  will  <  «  be  the  required  radiiu.. 

Rreadtliy  e  a  —  6  (I,  otwL  elroulsur  ring.  Fig.  B^ 

^  \^  difference  of  diameters  o  d  and  a  h. 

M  "^  (diameter  cd—\/  1.2732  area  of  circle  a  fr.) 

Area  of  a  elrenlar  sone  abed, 

mm  area  of  circle  m  n — areas  of  segments  amh  and  c  » d^ 
(for  areas  of  eeicments,  see  below.) 

A  elrenlar  Inne  is  a  orescent-shaped 
figure,  comprised  between  two  arcs  ahe 
. .   and  a  o  0  of  circles  of  diflforent  radii,  a  d 
andaa. 

Area  ot  a  eironlar  Inne  abeo 

«- area  uf  segment  a  &o — area  of  segment  a  ««^ 


(for  areas  of  segments  see  below.) 


Fig.D. 


^:^. 


Vo  Ibid  the  maemm,  of  n  etreolsir 


,«6«<  Figs.  CO. 


Area,  of  Segment  adhin,  Fig.  A  (at  top  of  page) 
■"  Area  of  Sector  a  d  6  e  —  Area  of  Triangle  ahc 
^  ^  (Arc  adh  y^  radius  a  o  —  o  »  X  6bord  a  6). 

HsKTlng  tl&e  area  of  a  secment  reqnlred  to  bo  ont  off  f^na  m 
given  circle^,  to  find  Its  elkord  suad  rise. 

^  Pirlde  the  area  bj  the  square  of  the  diameter  of  the  drole :  look  for  the  qnotleDt 
In  th9  column  of  areas  in  the  table  of  areas,  opposite ;  take  out  from  the  table 
th**  corresponding  number  In  the  column  of  rises.  Multii^y  this  number  bj  tiie 
diameter.    The  product  will  be  the  required  rise.    Then 


thord  —  2  X  \/  (diameter  ^  rise)  X  fisa 
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TABI.£  OF  ABEAS  OF  CIRCI7E.AR  ME«MESTS«  Figt  Cill. 
If  the  •eymenft  exeeeds  a  semielrcle,  ita  arvm  lar:  Mm  of  oireie-  arw 

of  a  Mgrneat  wb<M«  rlie  ia  =  (dian  of  eirole  —  rise  of  giren  Mgmeot).    INttat  of  «lrde  e  (Nqiuiti 
of  half  ohord  ir  riM)  4-  rltt*  wbether  the*tega«ut  ezoMda  a  Bemleirole  or  nou 


Bias 

Area  = 

Itlae 

Area,^ 

Rise 

Area=fc 

Rise 

iArea=a 

RiM 

Area- 

aiTbj 

(s.iU!41f! 

liiv  by 

(equiire 

div  hy^ 

(sqimre 

div  by  1  (square 

div  by 

diamof 

01       KU. 

iiiitu  of 

of  diam) 

dtamof 

oTffim 

«lrele. 

tl,.4.V  .^J 

V.IU.C. 

UlUlt  M> 

....tKL-. 

lil»,l  .r. 

(jirole. 

mull  by 

eiralo. 
.253 

miHtbf 

.001 

.000042 

.064 

.02iie« 

.127 

.057991 

.100 

.103900 

.16614V 

.002 

.000119 

.065 

.021660 

.128 

.058ri68 

.191 

.104686 

.264 

.157019 

.003 

.000219 

.066 

.022155 

.1-29 

.059328 

.192 

.105472 

.255 

.167891 

.004 

.000337 

.067 

.022653 

.130 

.059999 

.193 

.106261 

.256 

.168763 

.005 

.000471 

.068 

.023156 

.131 

.060673 

.194 

.107061 

.257 

.159636 

.006 

.000619 

.069 

.023660 

.132 

.061349 

.196 

.107843 

.258 

.160511 

.007 

.000779 

.070 

.024168 

.133 

.062027 

.196 

.108636 

.269 

.161386 

.008 

.000952 

.071 

.024680 

.134 

.062707 

;197 

.109431 

.260 

.162263 

.009 

.001186 

.072 

.026196 

.135 

.063389 

.198 

.110227 

.261 

.168141 

.010 

.001329 

.073 

.025714 

.136 

.064074 

.199 

.111025 

.262 

.164020 

.011 

.001538 

.074 

.026236 

.137 

.064761 

.200 

.111824 

.263 

464900 

.012 

.001746 

.075 

.026761 

.138 

.066449 

.201 

.112625 

.264 

.166781 

.013 

.001969 

.076 

.027290 

.139 

.066140 

.202 

.118427 

.266 

.166688 

.014 

.002199 

.0*7 

.027821 

.140 

.066883 

.203 

.114231 

.266 

407640 

.016 

.002438 

078 

.028356 

.141 

.067528 

.204 

.115036 

.267 

.108481 

.016 

.002685 

.079 

.028894 

.142 

.068225 

.206 

.115842 

.268 

.109310 

.017 

.00-2940 

.080 

.029435 

.143 

.068924 

.206 

.116661 

.269 

.170202 

.018 

.003202 

.081 

.029979 

.144 

.060626 

.207 

.117460 

.270 

471090 

.019 

.003472 

.082 

.030526 

.146 

.070329 

.208 

.118271 

.271 

471978 

020 

.003749 

.083 

.031077 

.146 

.071«»84 

.209 

.119084 

.272 

.172808 

.021 

.004032 

.084 

.031630 

.147 

.071741 

^10 

ai9898 

.273 

473768 

.022 

.004322 

.085 

.032186 

.148 

.072450 

* 

.12071^ 

.274 

474660 

.028^ 

.004619 

.086 

.03-2746 

.149 

J078162 

.276 

.175542 

.024 

.004922 

.087 

.033308 

.160 

.073875 

.213 

.122348 

.276 

476486 

.025 

.005231 

.088 

.033873 

.161 

.074590 

.214 

.123167 

.277 

.177830 

.026 

.005546 

.089 

.034441 

.162 

.076307 

.216 

.123988 

.278 

478226 

.027 

.005867 

.090 

.035012 

.158 

.076026 

.216 

.1-24811 

.279 

479122 

.028 

.006194 

.091 

.035586 

.154 

.076747 

.217 

.125684 

.280 

480020 

.029 

.006527 

.092 

.036162 

.156 

.077470 

.218 

.126469 

^1 

.180918 

•.080 

.006866 

.093 

.036742 

.166 

.078194 

.219 

.127286 

.282 

481818 

J031 

.007209 

.OW 

.037324 

.167 

.078921 

.1220 

.1-28114 

.283 

.182719 

J0S2 

.007669 

.096 

.037909 

.168 

.079660 

.221 

.128948 

.284 

483619 

JOSB 

.007918 

.096 

.038497 

.169 

.060380 

.222 

.129778 

.285 

484522 

K)S4 

.008278 

.097 

.039087 

.160 

.081112 

.223 

.180606 

.286 

486426 

.035 

.008638 

.098 

.039681 

.161 

.081847 

.224 

.131488 

Ji87 

486329 

.036 

.009008 

.099 

.040277 

.162 

.082582 

.225 

482278 

.288 

487236 

.037 

.009383 

.100 

.040875 

.163 

.083320 

.226 

.183109 

.289 

488141 

.038 

.009764 

.101 

.041477 

.164 

.Q&4O60 

.227 

.133946 

.290 

489048 

.039 

.010148 

.102 

.042081 

.165 

.084801 

.228 

J84784 

.291 

489956 

.040 

.010538 

.103 

.042687 

.166 

.229 

.135624 

.292 

.190866 

041 

.010932 

.104 

.043296 

.167 

.086290 

.230 

.136465 

.293 

49m4 

.042 

.011881 

.105 

.048908 

.1^8 

.087037 

.231 

.137307 

.294 

492686 

.043 

.)11784 

.106 

.044623 

.169 

.0877K5 

.282 

.188161 

.296 

.193697 

.044 

.012142 

.107 

.045140 

.170 

.088536 

.233 

.138996 

.296 

494509 

i>45 

.012555 

.108 

.045759 

.171 

.0892H8 

.284 

.189842 

.297 

.196428 

.046 

.012971 

.109 

.046381 

.172 

.090042 

.•235 

a40689 

.298 

496831 

.047 

.013393 

.110 

.047006 

.173 

.090797 

.286 

.141638 

.299 

.197262 

.048 

.013818 

.111 

.047633 

.174 

X)91555 

.237 

.142888 

.300 

498168 

.049 

.014248 

.112 

.048262 

.175 

.092314 

.238 

.143239 

.301 

.199086 

.060 

.014681 

.118 

.048894 

.176 

.093074 

.239 

.144091 

.802 

.200008 

.051 

.015119 

.114 

.049529 

.177 

.093837 

.240 

.144945 

.808 

.200922 

.052 

.016661 

.115 

.050165 

.178 

.094601 

.241 

.145800 

.304 

.201841 

.068 

.016008 

.116 

.060805 

.179 

.095367 

.242 

.146666 

.306 

.20-2762 

.064 

.016468 

.117 

.051446 

.180 

.096135 

.248 

.147513 

.306 

203688 

.066 

.016912 

.118 

.052090 

.181 

.090904 

.244 

.148371 

.307 

.204606 

.060 

.017369 

J19 

.052787 

.182 

.097675 

.246 

.149231 

.808 

.206528 

JON 

.017831 

.120 

.068885 

.183 

.098447 

.246 

.150091 

.809 

.206462 

.068 

.018297 

.121 

.0640-7 

.184 

.09^21 

.247 

.150963 

.810 

.207370 

j069 

,018766 

.122 

.064690 

.185 

.099997 

.248 

.161816 

.311 

.206302 

.060 

.019239 

a28 

.055346 

.186 

.100774 

.249 

.152681 

.812 

.209-228 

.061 

.019716 

.124 

.056004 

.187 

.101553 

.250 

.163546 

.313 

.210166 

X)62 

.020197 

.126 

.056664 

.188 

.102.'^34 

.•251 

.154413 

.314 

.211083 

sm 

.020681 

.126 

.067327 

.189 

aumid 

.262 

.166281 

.816 

512011 

r 
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TABI.E  OF  AREAS  OF  CIRCP1.AR  MEOMEWTS-CContinukd  j 


div  by 
diam  of 
eircle. 

^16 
^17 

^18 
.319 
.320 
.321 
.322 
.323 
.324 
.325 
.326 
.327 
.328 
.329 
.330 
.331 
.332 
.333 
,334 
,335 
^36 
.337 
.338 
.339 
.340 

^1 

.342 

.343 

.344 

.345 

.346 

.347 

.348 

.349 

.350 

.361 

.352 


Area  = 

(square 
or  diam) 

IBUlt  bj 

.212941 
.213871 
.214802 
.215734 
.216666 
.217600 
.218534 
.219469 
.220404 
.221341 
.222278 
.223216 
.224154 
.225094 
,226034 
.226974 
.227916 
.228858 
.229801 
.230745 
.231689 
.232634 
.233580 
.234526 
.235473 
.236421 


Rise 
div  by 
diam  of 
circle. 


.353 
.354 
.355 
.356 
.357 
.358 
.359 
.360 
.361 


Area 

(square 
of  diam) 
mult  by 


.238319 
.239268 
.240219 
.241170 
.242122 
.243074 
.244027 
.244980 
.245935 
.246890 


.363 
.364 
.365 
.366 
.367 


.370 
.371 
.372 
.373 
.374 
.375 
.376 
.377 
.378 
.379 
.380 
.381 
.382 
.383 
.384 
,385 
,386 
.387 


.247845 
,248801 
.249768 
.250715 
.251673 
.252632 
.253591 
.254551 
.255511 
.256472 
.257433 
.258395 


Rise 
div  by 
diam  of 
oircle. 


.260321 
.261285 
.262249 
.263214 
.2^179 
.265145 
,266111 
.267078 
.268046 
.269014 
.209982 
,270951 
.271921 
.272891 
.273861 
.274832 
.275804 
,276776 
.277748 
.278721 
.279695 
.280669 
.281643 
.282618 


•391 
•392 
.393 
-394 
•395 
•396 


•400 
■401 
•402 
•403 
•404 
•406 
•406 
•407 
•408 
•409 
■410 
■411 
•412 
■413 
•414 
•415 
•416 
■417 
•41  f 
•4!U 
.420 
.421 
.422 
.423 
.424 
A-2b 
,426 


Area 

(square 
of' diam) 
mult  by 

.283593 

.284669 

.285546 

.286521 

.287499 

.288476 

.289454 

.290432 

.291411 

.292390 

.293370 

.294360 

.295330 

.296311 

.297292 

.298274 

.299256 

.300238 

.301221 

.302204 

.303187 

.304171 

.306156 

.306140 

.307125 

.308110 

.309096 

.310082 

.311068 

.312066 

.313042 

.314029 

.315017 

.316005 

.316993 

.317981 

..318970 


EI<l4lPSE  (page  189). 
Foeal  distance  =/^  =  2  ^co^—bo^ ;  * 


Rise 
div  by 
diam  of 
circle. 

.427 

.428 

.429 

.430 

.431 

.432 

.433 

.434 

.435 

.436 

.437 

.438 

.439 

.440 

441 

.442 

.443 

.444 

.445 

.446 

.447 

.448 

.449 

.460 

.451 

.452 

.453 

.454 

.455 

,456 

.457 

.468 

.459 

.460 

.461 

.4H2 

.463 


Area  = 

(square 
of  diam) 
mult  by 


.319959 
.320949 
.321938 
.32292S 
.323919 
.324909 
,325900 
.326891 
.327883 
.328874 
.32986H 
.330858 
,331851 
,332843 
.333836 
.334829 
,336823 
.336816 
.337810 
.338804 


Rise   I  Area  => 

div  by  (nquare 

diam  of  of  diam 

circle.  mult  by 


.464 
.465 
.466 

.467 
.46S 


.340793 
.341788 
.342783 
.343778 
.344773 
.345768 
.346764 
.347760 
.348766 
.349752 
.350749 
.361745 
.352742 
.353739 
.354736 
.366733 


.470 
.471 
.472 
.473 
.474 
.475 
.476 
.477 
.478 
.479 
.480 
.481 
.482 
.483 
.484 
.486 
.486 
.487 
.488 
.489 
.490 
.491 
.492 
.493 
.494 
,495 
.496 
.497 
.49S 
.499 
.500 


.356730 
.367728 
.358726 
.359723 
.360721 
.361719 
.362717 
.363716 
.364714 
.365712 
.366711 
.367710 
.368708 
.369707 
.370706 
.371705 
.372704 
.373704 
.374703 
.375702 
.376702 
.377701 
.378701 
.379701 
.380700 
.381700 
.382700 
.383700 


.386699 


387699 
.388699 
.389699 
.390699 
.391699 
.392699 


.  ew — fa     cw  ■  _    _ 


•Because  CO  =  ^ --^^^  «>^±A^  . 
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THC  EEiKIPSlft. 


An  ellmte  U  a  cnrve.  e  e  «e,  Wg  1,  formed  by  an  oblique  seetion  of  either  «  oone  or  »  eyllnder,  pas*- 
lug  tbrouffb  it»  curved  iurrace,  without  cutting  the  base.    Ita  nature  it  lucn  that  if  t»o  lines,  a* 

n  /  and  n  g,  Fig.  2,  be  dniwu  from  any  point  n  1q  Its  ppr^rt^'^rT  orolroumf.  to  two  certain  point*/ 
aod  g,  in  its  long  dlam  c  w,  (»Qd  called  the  (mI  of  tli«  ^'\Ui,=,^.,  liitlr  aum  will  be  equal  to  thai  of  any 
other  two  lines,  aM  b  f,  and  b  g  drawn  IVom  uny  other  poiul.  a«  b,  in  the  oiraumf,  to  the  fooi/aad  pj 
also  the  sum  of  any  two  such  Hne«  will  be  equal'to  the  long  diam  c  w.  The  line  c  vb  dividing  the  ellipse 
into  two  equal  parts  lengthwise,  is  called  its  transverse,  or  major  axis,  or  long  diam  ;  anda6,  which 
divides  it  equally  at  right-angles  to  c  w,  is  called  the  oou jugate,  or  niinoi  axis,  or  short  Olam.  To 
And  the  position  of  the  foci  of  an  ellipse,  from  either  end,  as  b,  of  the  short  diam,  measure  off  ihe 
dists  &/and  b  g.  Fig  2,  each  equal  to  o  c,  or  ooe  half  the  long  diain. 

The  parameter  of  an  ellipsa  is  a  certain  lenjrih  obtained  thus;  as  the  long  diam  '  short  diam  :  : 
short  diaai  :  parameter.  Aov  line  r  »,  or  •  d.  Fig  3,  drawu  from  the  eirouuif,  to,  and  at  right  angle* 
to,  either  diam,  is  called  an  ordinate;  and  tt]e  parts  c  n  and  •  w,  6  «  nod  «  a,  of  that  diam,  between 
the  ord  and  the  circumf,  are  called  abscfsscB,  or  abscU»€*, 

To  find  the  lenyftli  of  any  ordinate,  rvwfd,  drawn  to  either 
diam,  c  to  or  b  <».    Knowing  thdalMoUa,«*or  so,  and  the  twodiams,  ew,  &  ai 

To  find  the  eiretinif  of  an  eHipse. 

Mathematiekina  hare  fttraishcd  pr»otiaal  men  with  ao  simple  worktag  nd«  for  thto  pnm«M.  Thd 
to-called  approximate  rules  do  not  deserre  the  name.  They  are  as  foUows,  D  being  the  long  diam  : 
and  d  the  short  one. 

BuLKl.  Circumf=3.U16.E±£*    Bou  8.  S.U16 


\/<' 


EH:^\  .  E0I.B  g.  2.2ai6|/  Da+da: 


this  is  the  same  as  B«le4,  bat  In  a  diff  shape.  Bitlb4.SX|/  D'^- 1.4674  (P.    Kow,  in  an  ellipse 

whose  long  and  short  dlams  are  10  and  2,  the  dronmf  is  Mtoallr  SI,  very  approadmately ;  but  rule  I 
gires  it  =  18.85 ;  rale  2,  or  3,  =  22.65 ;  and  rule  4.  =  20.58.  Again,  if  the  diams-be  10  and  g.  the  cir. 
eumf  autuallT  =  25.59;  bat  rule  4  gires  24.72.  These  examples  show  that  none  of  the  rules  nsnaUy 
given  are  reliable.  The  following  one  by  the  writer.  Is  suffldently  exact  for  ordinary  pnrposesj  Ml 
•eing  in  error  probably  more  than  I  part  in  1000.   TfhenDisnotM&rethMiStimM  asknag  asd. 


Olnamrm«.MM ^PH"<«  _  (D-<)* 


»«kekak«k*«ekak»a»eo 


•«•«•«•«•«'«•«'«•«  TS  •»  ts -rs  •«  ■« 


accu« 


If  D  exeeeds  5  times  fi.-thefD  in- 
stead of  dividing  (D  —  d)«  b7  8.8,  div  it  by 
the  number  in  ims  table. 

The  following  rule  originated  with  Mr.  M.  ..  „^«^««^«^«^«««_ 
Arnold  Pears,  of  New  South  Wales,  Australia,  o  •-••2S2S228SgSSS 
and  was  by  him  kindly  communicated  to  the  author.  Although  not  more 
rate  than  our  own,  it  is  much  neater. 

Clrcumf=»3.1416(i+2(D  — d)—    d{X)  —  d) 

v/(D  +  d)  X  (D  +  2<0 
The  folio  grins  table  of  Ben»l-elllptlo  arcs  w«a  prepared  by  eur  mia. 

To  nse  this  table,  div  the  height  or  rise  of  the  are,  by  Its  span  or  chord.  The  qoet 
will  be  the  height  of  an  arc  whose  span  is  I.  Find  this  quot  in  the  column  of 
heights  ;  and  take  out  the  corresponding  number  Irom  the  col.  of  lengths,  llult  this 
number  bv  the  actual  span.    The  prod  will  be  the  reqd  length- 

When  the  height  becomes  .500  of  the  chord  fas  at  the  end  of  the  table)  the  ellipse 
becomes  •  circie.  When  the  height  exceeds  .500  of  ftn  chord,  as  in  a  d  e,  then  take 
a  o.  or  half  the  chord,  as  the  rise :  and  dir  this  rise  by  the  long  diam  6  d,  for  tba 
quot  to  be  looked  tor  in  the  col  of  heights ;  and  to  be  mult  by  long  diam.  We  tlUM 
jet  «!•  arc  6  a  tl.  Vhl«h  ife  eridenOy  equal  ib  a  b  «. 


Digitized  by 


Google 


190 


MENStTBATIOM. 


TABI^E  OF  IiEHOTHS  OF  SEHI-EI^KtlFTIC  ARCS. 

(brlglnaL) 

Height 

Lengths 

Height 

Length  => 

Height 

Length  «r 

Height 

Length  s= 

♦Bfiau. 

Bpanxbj 

♦•pan. 

•panxby 

4  span. 

■panxbj 

♦span. 

■panxby 

^6 

1.000 

.130 

1.079 

.255 

1.219 

.380 

1.390 

^1 

1.001 

.135 

1.084 

.260 

1.226 

.385 

1.897 

.015 

1.002 

140 

1.089 

.265 

1.283 

.390 

1.404 

Jd'i 

1.003 

.145 

1.094 

.270 

1.239 

.395 

1.412 

025 

1.004 

.150 

1.099 

.275 

1.246 

400 

1.419 

.03 

1.006 

.155 

1.104 

.280 

1.252 

.406 

1.426 

.0:^6 

1.008 

.160 

1.109 

.285 

1.259 

.410 

1.434 

04 

l.OU 

.165 

1.115 

.290 

1.266 

.415 

1.441 

JOib 

1.014 

.170 

1.120 

.295 

1.272 

.420 

1.440 

.05 

1.017 

.175 

1.125 

.300 

1.279 

.425 

1.456 

.055 

1.020 

.180 

1.131 

.305 

1.285 

.480 

1.464 

.06 

1.023 

.185 

1.187 

.310 

1.292 

.435 

1.471 

.065 

1.026 

.190 

1.142 

.315 

1.298 

.440 

1.479 

.07 

1.029 

.195 

1147 

.320 

1.305 

.446 

1.486 

.076 

^     1.032 

.200 

1.153 

.326 

1.312 

.460 

1.494 

.08 

1.036 

.205 

1.159 

.330 

1.319 

.455 

1.501 

.085 

1.039 

.210 

1.165 

.335 

1.325 

.460 

1.509 

.09 

1.043 

.215 

1.171 

.340 

1.332 

.465 

lJil7 

J095 

1.046 

.220 

1.177 

•345 

1.339 

.470 

1.524 

JOO 

1.051 

.225 

1.183 

.350 

1.346 

.476 

1.532 

ao6 

1.055 

.230 

1.189 

.355 

1.353 

.480 

1.540 

aio 

1.059 

.235 

1.196 

\360 

1.361 

.486 

1.547 

jn5 

1.064 

.240 

1.202 

.365 

1.368 

.490 

1.555 

J20 

1.0fi9 

.245 

1.207 

.370 

1375 

.495 

1.563 

JJo 

1.074 

.250 

1.218 

.375 

1.382 

.500 

l.f.71 

Areaof  an  ellipses  prod  of  dlamiX.TSM.  Ex.D=10;  d=:«.  TbenlOXeX.TSM 
£  47.124  area.  The  area  or  an  ellipae  it  a  mean  proportional  between  the  areas  of  two  oircles,  de- 
■eribed  on  iu  two  diams ;  therefore  it  may  be  found  by  molt  together  the  areaii  of  those  two  elrcles ; 
and  taking  the  sq  rt  of  (he  prod.  The  area  of  an  ellipse  is  therefore  always  greater  than  that  of  the 
circnlnr  seotion  of  the  cylinder  from  which  it  may  be  supposed  to  be  derived. 

Diam  of  clrc  of  same  area  as  a  ipl  veii  ellipse  =  f^Long  diam  x  abort  diam. 
To  find  the  areaof  an  elliptic  segment  wbose  base  Is  paral« 

lei  to  eitlieP  diam.  DIt  the  height  of  the  segment,  br  that  diam  of  which  taid  heighl 
Is  a  part.  From  the  table  of  circular  segments  take  out  the  tabular  area  opposite  the  quot  Mull 
together  this  area,  the  long  diam,  and  the  »bort  diam. 

To  draw  an  ellipse.     Having  iu  long  and  short  diams  a  b  and  e  d,  Fig.  4. 
RoLB  I.    From  either  end  of  the  short 

diam.,  as  e,  lay  off  the  dists.  of,  cf,  each 
equal  to  «  a,  or  to  one-half  of  the  long  diam. 
The  points/,  /'  are  the  foci  of  the  ellipse. 
Prepare  a  string,/  n  /,  orf  g  f,  with  a  loop 
at  each  end ;  the  total  length  of  string  from 
end  to  end  of  loop,  being  equal  to  the  long 
diam.  Place  pins  at /and  /';  and  placing 
the  loops  over  tbem.  trace  the  curve  by  a 
pencil,  which  in  every  position,  as  at  n,  «ry, 
keeps  tbe  string/'  n  /,  or/'  gf  stretched  ail 
the  time. 

Note.  Owing  to  tbe  difficulty  of  keeping 
the  string  equally  stretched,  this  method  is 
not  as  satisfuotorj  as  tbe  following. 

RuLS  2.  On  tbe  edge  of  a  strip  of  paper 
«o  «,  mark  w  I  equal  to  half  the  short  diam. ; 
and  to  *  equal  half  the  long  diam.  Then  in 
whatever  position  this  strip  be  placed,  keep* 
ing  I  on  the  long  diam.,  and  s  on  tbe  short 
di«n.,  IS  will  mark  a  pointin  the  oircuraf;  of  th«  ellipse.  We  may  thnsobtaln  as  many  snch  point* 
as  we  plesRe ;  and  then  draw  the  curve  through  tbem  by  hand. 

RtTLX  S.  From  the  two  foci  /  and  /',  Fig.  4,  with  a  rad.  equal  to  any  part  whatever  of  the  long 
diam.  describe  4  short  arcs,  0000;  also  with  a  rad.  equal  to  the  remaioing  part  of  the  longr  diam., 
describe  4  other  arcs,  iHi.  The  intersections  of  these  four  pairs  of  arcs,  will  give  four  poinu  in  the 
clrcumf.    In  this  manner  any  number  of  such  points  may  be  fouud,  and  the  curve  be  drawn  by  band. 

To  draw  a  tangrent  t  e,  at  any  point  n  of  an  ellipse.    Draw  n  / 

and  n  /',  to  the  foci ;  bisect  the  angle  /  n  /'  by  the  line  asp  ;  draw  f  n  I  at  right  augles  to  a;  j). 

To  draw  a  Joint  n-p,  of  an  elliptic  arcb,  fVom  any  point  n.  In 

^^e  arch,     proceed  us  ip  the  foregoiug  rule  for  a  Ungent,  only  omitii«g  (  (;  mp  will  be  t 
mired  joint.  igitizedbyC ^ 
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To  draw  an  oval,  or  teUM)  elUiMie. 

When  onlT  tha  long  dlam  a  Ms  glTen,  the  foUowlng 
-  yrtil  give  •gree^Me  enrrce,  of  which  the  apan  a  hw\a 
0  not  exceed  ahont  threo  tlmei  the  riee  c  o.  On  a  h  de. 
•cribe  two  inteneoting  drclee  of  aaynd;  tbroagli 
their  Intereeotloni  #, «,  draw  eg;  make  #ff  and  v« 
each  eqnal  to  the  dlam  of  one  of  the  drclee.  ThrongU 
the  oentera  of  the  circles,  draw  «v,eh,gd,gU  From 
•  describe  A  <y;  and  from  y  desortbe  <l  o  t. 


z 

1 

V 

t 

h 

/ 

T^ 

/ 

\ 

A 

l^ 

W 

I  ^ 

V 

"r^ 

5j 

\ 

8 

V 

y 

Wbeii  tke  s|»an,  mn,  and  Hhm 
rise,  9 1,  are  boUi  arisen. 

Hake  anj  tw  and  mr,  equal  to  each  other, 
but  each  less  than  t «.  Draw  r  «0;  and  through 
its  center  o  draw  the  perp  i  o  y.  Draw  jr  »•  *. 
Hake  n  «  equal  m  r,  and  draw  yxh.  Prom  «  and 
r  describe  ne  and  m  a;  and  flrom  y  describe 
a  (  c.  By  making  •  d  ecnal  to  •  y.  we  obuin 
the  center  for  the  other  aide  of  the  oval. 

The  beauty  of  the  curve  will  depend  upon 
what  portion  of  t  •  Is  taken  for  m  r  and  t  w. 
HThen  BB  ovirt  Is  very  flat,  more  than  three  oen« 
ters  are  required  rordrawin(^gr»«eWcnnre; 
but  the  flndlng  of  these  centers  ft  quite  as  tnm* 
blesom«  as  to  draw  the  correct  ellipse. 


On  tlie  given  line,  a  8,t^  draw  a 
cyma  recta,  aes. 

Find  the  center  c.  of  «  «.  Prom  a,  c.  and  s,  '^'J. «2Tmi' 
of  a  «  as  rad,  draw  the  four  small  arcs  at  «;«•  „3Il  wUh 
sections  o.  o.  are  the  centers  for  «'»^«»8*5tSr^  iS 
the  same  rad.  By  reversing  the  position  of  the  arcs,  w« 
•btain  the  cgma  revarss,  or  og»;  d  «  / 
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MENSURATION. 


THB  PABABOI^A* 


pig.i.  Fiir.2. 

The  eommoii  or  conic  parabol^ 


equal  to  one-Half  of  the  ord  c  «.  The  dist  from  apex  to  focus,  called  the  focal  dist.  is  found  thns- 
square  any  otd,  as  o  a;  div  this  square  by  ihe  abscissa  b  a  of  that  ord;  div  the  quol  hv  4.  The 
S.  flJ^f-"!,'"*  P«*bola  19  such  that  its  abscissas,  bs  b  s,  b  a.  &c,  are  to  each  other  as,  or  in  proportion 
to,  the  squares  of  their  respective  ords  ee.oa.&o;  that  is,  aa  6«  :  ia  :  •  ea^  :  o  a'i-  or  b  e  ■  e  e^  ■  •  b  a  ■ 
t  <«•-*«  i^ti2°i*r*  ?f  ""-^  '*'■•*  ^f  divided  by  its  abscissa,  the  quot  will  be  a  constant  quantityV  that 
tt,  it  wIU  be  equal  to  the  square  of  any  other  ord  divided  by  its  abscissa.  This  quot  or  constant  ouan- 
E^  L  /"  *Sk  ***  ^  certain  quantity  called  the  parameter  of  the  parabola.  Therefore  the  parameter 
may  be  found  by  squanug  e  s.  or  o  a,  (one- half  oT  the  base.)  and  dividing  said  square  by  the  height. 
L*  the  ibscu'si^f  wTat  w'Z  ^^^^  "^''"*  *"  *°^  °'"'^  ^  ^'"'^^  ^^  ^^^  parameter,  the  quot  liV 

To  find  tlie  leugrtb  of  a  parabolic  cnrrc. 

.  The  approxlmrte  role  given  bj  various  pocket-books,  is  u  follows  x 

Length  «  2  X  V(H  base)«  +  1%  times  the  (Height*) 

Where  the  height  does  not  exceed  l-lOth  '   n»ir  forDrMtl««. 

purposes,  be  called  exact.    With  htr=  j,     ,     .  i,  ^n   ,    i  *    j  l  j^  per  cent  to< 

maeh;  ht  =:  H  base,  about  SH  percent;  ht=:  base,  about  SH  per  cent:  ht  = 

tvkw  the  bue,  about  12Ji  percent ;  ht=  lo  x  base,  or  more,  about  I5Ji  per  cent 

The  folio wlnjc  by  tlie  writer  Is  eorreel 

with  ID  perhaps  i  pun  iu  HUO,  iu  all  uases ;  and  wiU 

therefore  answer  for  nianr  purposes. 

Let  a  d  b,  Fig  3,  or  «  a'd,  Fig  4,  be  the  parabola, 
in  which  me  given  the  base  abar  nd;  and  Ae 
height  c  d  or  c  a.  Imagine  the  complete  fig  a  d  6  si, 
or  n  a  d  h,  to  be  drawn  ;  and  in  either  case,  assume 
its  long  diam  a  fe  to  be  the  chord  or  ba:*;  and  one- 
half  the  short  diam,  or  c  d,  to  be  the  height,  of  a 
circular  are.  Find  the  length  of  ihii  circular  arc. 
by  means  of  the  rule  and  table  given  for  that  pur- 
pose. Then  div  the  chord  or  base  a  6,  orn  d  of 
the  parabola,  by  its  height  erf  or  c  a.  Look  for 
the  quot  in  the  column  of  bases  in  the  following 
table,  and  take  from  the  table  Ihe  correspondiag 
multiplier.  Mult  the  length  of  the  circular  arc  by 
this ;  the  prod  will  be  the  length  of  arc  a  d  i,  or 
«  a  d,  as  the  case  may  be.  For  bast-s  of  parabolas 
less  than  .05  of  the  height,  or  greater  than  10  times 
the  height,  the  multiplier  is  1,  and  is  very  approz- 
Imate;  or  in  other  words,  the  parabola  will  bo 
of  almost  exactly  the  same  length  as  the  circular 
are. 

To  find  tbe  area  of  a  i»arabola  man^. 

Mult  its  base  m  n,  Pig  6,  by  Its  height  a  b ;  and  take  ^ds  of  the  prod. 
The  area  of  any  segment,  as  u  6  v,  whose  base  «  v  is  parallel  to  m  n,  U 
found  in  the  same  way,  using  u  «  and  «  6,  Instead  of  m  n  and  a  h. 

To  find  tlie  area  of  a  parabolic  sone,  or  fVtis- 
tnm,  BMmnuv, 

Rtna  1.  First  find  by  the  preceding  role  tbe  area  of  the  whole  parabola 
m6n;  then  that  of  the  segment  uhv;  and  subtract  the  last  from  the 

RuLB  2.  Prom  the  cube  of  m  m.  take  the  enbe  of  t»  r ;  call  the  dlff  «. 
Prom  the  square  of  m  n,  take  the  square  of  « t» ;  call  the  diff  «.  DIt  e  bf 
«.    Mult  the  quot  by  ^ds  of  the  he^ht  ub. 


Fig.  4. 


Fig.  6. 
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Table  tow  l.enirtlis  of  Vmttmh^Um  Cmwwmm,  See  opp  page.   (Original.) 


BmM. 

Mult. 

B«M. 

Mult. 

Bm«. 

If  ait. 

Bmn. 

If  Die 

.05 

.   1.000 

I.IO 

.900 

215 

^9 

3.'J0 

i)83 

ao 

1.001 

1.15 

.097 

2.20 

.951 

3.30 

.064 

J5 

1.002 

1.20 

.995 

2.25 

.054 

3.40 

.086 

:20 

1.004 

1.25 

.993 

2.30 

.056 

SJ60 

.086 

.25 

1.006 

1.30 

.990 

2A5 

.058 

3.60 

.087 

JSO 

1.007 

1.85 

.987 

2.40 

JKW 

8.70 

.088 

.35 

1.007 

1.40 

.984 

2.45 

.062 

3.80 

J>80 

.40 

1.008 

L45 

.080 

2.50 

.063 

3.90 

.990 

.45 

10)00 

1.60 

.077 

2.65 

.065 

4.00 

.991 

.60 

1.010 

1.55 

.974 

2.60 

.067 

4.25 

.992 

.65 

1.010 

1.60 

.97(J 

2.06 

.060 

4.60 

.003 

.60 

1.010 

1.65 

.966 

2.70 

.070 

4.75 

.004 

.65 

1.011 

1.70 

.963 

2.76 

.072 

6.00 

.006 

.70 

1.0U 

1.75 

.960 

2.80 

.073 

5.25 

.006 

.76 

1.010 

1.80 

.957 

2.86 

.075 

6.50 

.097 

.80 

1.009 

1.85 

.953 

2.90 

.078 

6.76 

.008 

^6 

1.008 

1.00 

.950 

2.95 

.978 

6.00 

.008 

.00 

1.006 

1.15 

.946 

3.00 

.979 

7.00 

.099 

.06 

1.004 

2.00 

.942 

3.06 

.980 

8.00 

IJKK) 

1.00 

1.002 

2.05 

.944 

3.10 

.081 

10.00 

1.000 

1.05 

1.001 

2.10 

.946 

3.15 

.082 

To  draw  a  parabol%  haFiog  base  o  t  aod  height  •  o. 

«•«,  Fl«6.  Ifak*  «t  equal  to  the  beight«o.  Drawetand 
•  <;  and  divide  each  of  theai  into  M7Bua»t>er4ifcMua)paru 
numbering  them  aa  in  tike  Ftg.^oin  1, 1;  t,r;  8.8.  Ae; 
then  draw  the  curve  hj  band.  It  will  be  observed  that  the 
iMereecUeoeorthelincsl,!!  3»S«Ae,donotfiMpotai(aUi 
the  ourre ;  but  a  portion  of  each  of  those  lines  forms  a  tan> 
fmit  to  the'oarre.  Bj  increasing  tbe  number  of  aiTisioni 
OB  e  t  and  «  <,  an  almost  perfect  curve  is  formed,  soaroelj 
requiring  to  be  touched  up  by  hand.  In  practice  it  is  best 
first  to  draw  only  tbe  center  portions  of  the  two  lines  which 
eross  each  other  Just  above  o ;  and  Arom  tbem  to  work  down« 
ward;  aotnally  drawing  onlj  that  small  portion  of  each 
•nooessive  lower  line,  wUoh  la  necessaiy  to  indicate  the 


Or  the  parabola  may  be  drawn 
thnmt 

Let  6  c,  Pig  T,  be  the  base  ;  and  a  d  the  height.  Draw  the 
rectangle  hnfti  c;  div  each  half  of  the  base  into  an;  num- 
ber of  equal  paru,  and  number  them  from  tbe  center  each 
WRT.  Divn&,  and  me  into  the  samenumber  of  equal  parts; 
ana  number  them  from  the  top,  downward.     From  the  points 
•n  &  e  draw  vert  lines ;  and  from  those  at  tbe  sides  draw  Hoes 
to  d.  Then  tbe  intersections  of  lines  1,1;  2,  2,  kc, 
will  form  points  in  tbe  parabola.    As  in  the  pre- 
ceding case,  it  is  not  necessary  to  draw  the  entire 
lines ;  but  merely  porUoQs  of'tbem,  aa  shown  be- 
tween d  and  c. 

Or  a  parabola  may  be  drawn  by  first  div  the 
height  a  &,  Fig  5.  latoany  number  of  parts,  either 
equal  or  nnequal;  and  then  calculating  tbe  ordi- 
sates  u  «,  &o ;  thus,  as  the  height  a  h  :  square  of 
half  base  am  '.  %  any  absciss  b  »  :  square  of  iu 
ord  u  t.     Take  the  sq  rt  for  «  s. 

Rem. — When  the  height  of  a  parabola  is  not 
greater  than  MOth  pari  its  base,  the  curve  eoiU' 
oides  so  very  closely  with  that  of  a  circular  are, 
that  in  the  preparation  of  drawings  for  suspen- 
sion bridges.  &c.,  the  circular  arc  may  be  em- 
ployed ;  or  if  no  great  accuracy  Is  reqd,  the  circle 
may  be  used  even  when  the  height  is  aa  great  aa 

Ta  draw  a  tanyeat  w  ^,  Fig.  6,  to  a  parabola. 

Draw  v« perp  to axia  ah;  prolong  a  I  until  6  w equals •  &.    Join  w  v. 

13 


ftrom  any  point «. 
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MENSURATION". 


Tlie  Cyelotci, 

aeb,  iB  the  curve  described  by  a  poiDt  a  in  the  circumference  of  a  circle, 

an.  durinir  one  complete  revolution  of  the  circle,  rolled  along  a  straight  line 

°  ab]  which  is  called  the  base  of  the 

d  h  cycloid. 

Tbe  vertex  of  the  cycloid  is  at  c. 
Base,  abi  =  circumference  of  generat- 
ing circle  an 
=  diuneter,  c  d,  of  generat- 
ing circleX  »  =  3.1416«d. 
Axis,  or  belfl^li  t,    ed^an, 
liengrtb,  acbf^Aed. 

Area,  acbd  =  SX  area  of  generating  eirde,  a  n 

„3£^  =C(/«X|T  =  crf«X  2.3562. 
4 
CJenter  of  gri^vtty  of  sui:face  a.t  g.    e  g  =  ^  ed.    Center  of  gravity  of 
eycloid  (curved  line  a  cb)  in  axis  c  d  at  a  point  (as  s)  distant  ^cd  trom  c. 

To  draw  a  tangent,  eo,  from  any  point  e  in  a  cycloid:  draw  e«  at  right 
angles  to  the  axis cd;  on  cd  describe  the  generating  circle  act;  join  t e ;  from 
e  draw  e  o  parallel  to  t  c.    The  cycloid  is  the  curve  of  qulekest  deseen t ; 

so  that  a  oodv  would  fall  from  6  to  c  along  the  curve  b  m'c,  in  less  time  than 
along  the  inclined  plane  6ic,  or  any  other  line. 


SOIiIDS. 

THE  REOVI^AR   BODIES. 

A  regular  body,  or  reynlar  polybedron,  is  one  which  has  all  ita 
fides,  and  its  solid  angles,  respectively  similar  and  equal  to  each  other.  There 
are  but  five  such  bodies,  as  follows : 


Hame. 

Bounded  by 

Surface 

(s=sum  of  surfaces 
of  all  the  faces). 

Multiply  the  square 
of  the  length  of 
one  edge  by 

Volume. 

Multiply  the 

cube  of  the 

length  of  one 

edge  by 

Tetrahedron 

Hexahedron  or  cube 
Octahedron 

4  equilateral  triangles. 
6  squares. 

8  equilateral  triangles. 
12        "      pentagons. 
20        "       triangles. 

1.7320 
6. 

8.4641 
20.6458 
8.6602 

.1178 
1. 
4714 

Dodecahedron 

loosabedron 

7.6631 
2.1817 

Ouldinus* 

Fig.  A. 


Tbeorem. 

Fig.  B. 


To  find  the  volume  of  any  body  (as  the 

irregular  mass  abem^  Fig  A,  or  the  ring 
o  6  c  m,  Fig  B),  generated  by  a  complete 
or  partial  revolution  of  any  figure  (as 
nbca)  around  one  of  it«  sides  (as  ao, 
Fig  A),  or  around  any  other  axis  (as 
a;y,FiffB). 

volume  =>  surface  aboaX  length 
of  arc  described  by  its  center  of  grav- 
ity G. 

If  the  revolution  is  complete,  the  arc 
described  is  =  circumference  =  radius 
0  G*  X  2ir  =  radius  o  G*  X  6.283186 ;  and 
Volume  ^surface  aboaX  radius 
oG*X  6.283186. 
If  the  revolution  is  incomplete, 

complete  .  incomplete  . .  circumference  .      arc 
revolution  *  revolution    *  *  found  as  above  '  described 

*  Measured  perpendicularly  to  the  axis  of  revolution. 
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PABAI<I<£I<OI^IPEi>(i. 


Fig.  1. 


Fig.  2. 


Fig.  8. 


Fig.  4. 


A  jDarallelopIped  is  any  solid  ooDtuined  within  six  sides,  all  of  which  are 
parallelograms ;  and  those  uf  each  opposite  pair,  parallel  to  each  other.  We 
■how  but  four  of  them :  correspondiug  to  the  four  Darallelo^^rams ;  namely,  tht 
cube.  Fig  1,  which  has  all  its  sides  equal  squares,  and  all  its  angles  right  angles: 
the  rigM  redangular  prisma  Fig  2,  has  all  its  angles  riffht  angles,  each  pair  of 
opposite  faces  equal,  but  not  all  of  its  faces  equal ;  the  Jthombohedron,  Fig  3, 
which  has  all  its  sides  equal  rhombuses,  and  which,  like  the  rhombus,  p  167,  Is 
sometimes  called  **  rhomb  " ;  the  Rkombic  prism,  Fii;  4 ;  its  faces,  rhombuses,  or 
rhomboids,  each  pair  of  opposite  faces  equal,  but  not  all  its  faces  equal.  All 
parallelepipeds  are  prisms. 

Tolnme  of  any  _^  area  of  any  face,  w  perpendicular  distance,  p, 
■■^« — * ■  =  jyj^^  A      to  the  opposite  face. 

—  cube  of  length  of  one  edge, 
»  1.90985  X  Tolume  of  inscribed  sphere, 
=  1.27824  X  •*  "  cylinder, 

« 8.81972  X  **  "  cone. 

.  diameter  of  circumscribing  sphere. 


parallelepiped 
Tolmne  of  a  cabe 


Blaironal  of  a  evbe 


•«  1.7320508  X  length  of  one  edge  of  cubt. 


PBlftMS. 

A  prism  is  any  solid  whose 
two  endg  are  parallel,  similar, 
and  equal ;  and  whose  sidet 
are  paraUeioffrartUf  as  Figs  5' 
to  10.  Conseauently  the  fore- 
going parallelopipeds  are 
prisms.  A  right  prism  is  one 
whose  sides  are  perpendic- 
ular to  its  ends,  as  5.  6,  7 ; 
when  not  so,  the  prism  is 
oblique,  as  8,  9, 10.  When  all 
-        ^.         ,  ,       ,    ,  ,  the  sides  ofthe  figures  which 

form  the  ends  are  equal,  and  the  angles  included  between  those  sides  are  alss 
oqaal,  the  prism  is  said  to  be  regtdar :  otherwise,  irregular. 
Tolmne  of  any  prism  (whether  regular  or  irregular,  right  or  oblique) 
B=  area  of  one  end  X  perpendicular  distance,  p,  to  the  other  end, 
•s  area  of  cross  section  perpendicular  to  the  sides  X  actual  length,  a  b.  Figs 

6  to  10, 
■*  8  X  Tolunoe  of  pyramid  whose  base  and  height  are  » those  of  the  prism. 


To  find  the  Tolnme  of  any  fVastam 
of  any  prism. 

Whose  cross  section,  perpendicular  to  its  sides, 
is  either  any  trianffle;  any  parallelogram;  a 
square,  (as  in  Fig  lOT^)  or  a  regular  polygon  of 
any  number  of  sides;  no  matter  how  the  two 
ends  of  the  frustum  may  be  inclined  with  regard 
to  each  other:  or  whether  one,  or  neither  of 
them,  is  parallel  to  the  base  of  the  original 
prism. 


I 

t 


Figs.  10^ 


sum  of  lengths  of  parallel  edges, 
Tolnme  IT  +  r2  +  ^^  +  Tl  »«*  o^  «">««  «ection 


number  of  such  edges 
(4  in  Fig  lOiO 
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MENSURATIOK. 


Fig.  10^. 


This  rule  may  be  used  for  ascertaining  befofeband,  the  Quantity  of  earth  to 
be  removed  from  a  "  borrow  pit."  The  irregular  surface  of  the  ground  is  first 
staked  oat  in  squares;  (the  tape-line  being  stretched  horizontally^  when  meas- 
uring off  their  sides).  These  squares  should  be  of  such 
a  size  that  without  material  error  each  of  them  may  be 
considered  to  be  a  plane  surface,  either  horizontal  or  in- 
clined. The  depth  of  the  horizontal  bottom  of  the  pit 
being  determined  on,  and  the  Jovol<^  be* —  •^'-'-^n  at  every 
corner  of  the  square.-^,  ^^L  hl  [;,_i<J  \  iLUMiiied  with  the 
lengths  of  the  four  paruilel  verticiil  edges  of  each  of  the 
resulting  frustums  of  earth.  In  Figs  10^  y  may  be  sup- 
posed to  represent  one  of  these  frustums. 

If  the  frustum  is  that  of  an  irregular  4-sided,  or  polyg- 
^  i^.„  — ..„  „^^+:        jj„„i„_  i„  .-i-  bides,  into  tri- 

Calculate  the 
!  entire  frustum  to 
be  made  up  of  so  many  triancular  ones;  calculate  the  volume  . 
of  each  of  these  by  the  preceding  rule  for  triangular  frustums; 
and  add  them  together,  for  the  volume  of  the  entire  frustum. 

Tolume  of  any  frnstnin  of  any  prism. 

Or  of  a  cylinder.  Consider  either  end  to  be  the  base ;  and  find  its 

area.  Also  find  the  center  of  gravity  c  of  the  other  end.  and  the 

perpendicular  distance  n  c,  from  the  base  to  said  center  or  gravity. 

Then  Tolnme  of  frnstam  ^  «t«a  of  base  Xn  e,  Fig  10^. 

The  slant  end,  c,  is  an  ellipse.   Its  area  is  greater  than  that  of  the  circular  end. 

Snrftece  of  any  prism.  Figs  5  to  10)  whether  right  or  oblique,  regular 

or  irregular 

/  circumference  measured   ^  „«*.-i  i«n,Hh  « i.\  j.  vma  of  the  areas 
"  ^perpendicular  to  the  sides  ^  **'*'***  \9tif^^  «  *;  +  of  the  two  ends. 

CYIilBTDERS. 

A  cylinder  is  any  solid  whose  ends  are 
parallel,  similar,  and  equal  ewrved  figures ; 
and  whose  sections  parallel  to  the  ends 
are  everywhere  the  same  as  the  ends. 
Hence  there  are  circular  cylinders,  ellip- 
tic cylinders  for  cylindroids)  and  many 
others ;  but  when  not  otherwise  expressed, 
the  circular  one  is  understood.  A  right 
cylinder  is  one  whose  ends  are  perpen- 
dicular to  its  sides,  as  Fig.  11 ;  when  othop* 
wise,  it  is  oblique,  as  Fig  12.  If  the  ends 
of  a  right  circular  cylinder  be  cut  so  «« to 
make  ft  oblique,  It  becomes  an  elliptic  one ;  oecause  then  both  its  ends,  and  all 
sections  parallel  to  them,  are  ellipses.  An  oblique  circular  cylinder  seldom 
occurs ;  it  may  be  conceived  of  by  imagining  the  two  ends  of  Fig  12  to  be  circles, 
united  by  straight  lines  forming  its  curved  sides 

A  cylinder  is  a  prism  having  an  infinite  number  of  sides. 
Tolnme  of  any  cylinder  (whether  circular  or  elliptic,  (ic,  right  or  obliqu^ 
=  area  of  one  end  X  perpendicular  distance,  p,  to  the  other  end, 

=  {me?rr^'ATtoTKaes  X  -tu.,  Iength.a».  Figs  11  «d  12. 
B3  3  X  volume  of  a  cooe  whose  base  and  height  ajne  =«  those  of  the  cylinder. 
Snrftece  of  any  cylinder  (whether  circular  or  elliptic,  Ac,  right  or  oblione} 

/circumference     ^.     ,    ,      ..     \     1 1     ^u      ji  .  sum  of  the  areas 

=1  measured  perpendicularly    X  actual  length,  a  b  I  -\-''^f  ^y.  *  ^_-  ^.^TT 

Vto  the  sideS,  ak  at  e  o,  Fig  12,  /      ^^  ^'^^  ^^"^  ®"^*- 

Rlirtat  circular  cylinder  wbose  belslit  =»  diameter. 

Volume  =  li  V  volume  of  inscribed  sphere. 

Curved  surface     =  surface  of  inscribed  spliere. 

Area  of  one  end  «»  i  surface  of  ins^ril-ed  sphere  =  ^  curved  surface. 

Entire  surface     «=  IJ  X  surface  of  inscribed  sphere  =  IJ  X  curved  surfocQ» 


^fCr^ 


Fig.  11. 


Fig.  12. 


y  Google 
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Content*  fte>  •flM»  ff»ot  in  iMurtlB,  in  Cub  Ft,  and  in  U.6.  GalloDs  of 
7.4«K  Galii  w  »  Cuh  Ft.   Aevbffof wftterweljAaa 


m  oab  int.  or  7.4>«5  Gallt  t«  •  Cuh  Ft. 


■  about  62M  ItM ;  uid  a  gallM 
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24M 

17J0 

.0460 

.0017 
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12 
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.1650 

1.284 
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1.486 

tl.U 
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10.659 
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9k 

.4792 
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17.    |1.417 
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11.79 
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11.046 

82.62 

6.   ^ 
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1.670 

1-2.49 
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86.33 

^ 
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.5417 

.2304 

1.724 
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CONTENTS  AND  LININGS  OP  WELLS. 


CONTENTS  AND  I<ININ«S  OF  WEIXS. 


For  diama  twioe  u  great  ai  thoae  In  the  taU«,  for  the  «nh  yd*  of  dlgsinf,  ti  

one  haif  of  the  greater  diam ;  and  mult  them  by  i.  Thus,  for  the  oab  yosTn  each  foot  of  dept£i  of  » 
well  81  feet  in  dlam,  first  take  out  from  the  table  thoae  oppoitte  the  diam  of  Ib^  feet;  namely,  6.980. 
.  Then  6.909  X  4  =  27.956  oub  yds  reqd  for  the  31  ft  dlam.  But  for  the  stone  Uninc  or  walling,  brioka 
..,.  .w- »-w..,-      --  w.  ...    ^  .^.^  ^.  _         ..    p^pgiiesof 

the  wall  la 


or  plastering,  mult  the  tabular  qoantity  opposite  half  the  greater  diam,  by  3.    Thus,  the 
stoae  walUng  for  each  foot  of  depth  of  a  well  of  81  ft  dlam,  will  be  2.078  X  2  =r  4.146.    If 
more  or  less  jthan  one  foot  thick,  within  usual  moderate  limits,  it  will  generally  be  near  enough  for 
practice  to  aasume  that  the  number  of  perches,  or  of  brioks,  will  Inereaaa  or  decrease  in  the  same  pro- 
portion. 

The  sixe  of  the  brioks  is  Uken  at  8^  X  *  X  2  inches :  and  to  be  laid  dry,  or  without  mortar.  Ic 
praotioe  an  addition  of  about  5  per  oent  should  be  made  for  waste.  The  briok  lining  la  supposed  to 
be  1  briok  thick,  or  %%  ins. 

CAUTION.  —  Be  carefal  to  obeerve  that  the  diama  to  be  used  for  the  digging, 
•re  greater  than  those  for  the  walling,  brioks,  or  plastering.  No  e 


For  each  foot  of  depth. 

Por  each  foot  of  depth. 

For  this 

For  these  three  cols  nse  the 

For  this 

For  these  three  eols  use  the 

ool  use  the 

diam  In  clear  of  the  lining. 

col  use  the 

di&m  in  elear  of  the  linina. 

Dlam. 

Diameter 
of  the 

Diam. 
in 

Diameter 
of  the 

in 

Feet. 

Digging. 

Stone 

Lining 

in  thick. 

Perches  of 

No.  of 
Bricks  id 
a  Lining 
1  Brick 

Square 
Yards  of 
Plaster- 
ing. 

Feet. 

Digging. 

Stone 
Lining 

1ft  thick. 

Perches  of 

No,  of 
Brioks  in 
a  Lining 
IBriek 

ofPIaa- 
tering. 

Cub  Yds. 

of 
Digging. 

Cub  Yds, 

of 
Digging. 

25  Cob  Ft. 
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25  Cab  ft. 

thiok. 
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4.189 

1.6:a 

679 
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•  S.  ffH 

lis. 

If  perelies  are  named  in  a  contract,  it  is  neceosary,  in  cider  to  prevent  flraud, 
to  specify  the  number  of  oub  feet  conuined  in  the  perch ;  tor  stone-quarriers  hare  one  perch,  stone- 
masons another,  Ac.  Engineers,  on  this  aooount.  contract  by  the  cii6<e  ftrrd.  The  perch  should  be 
tone  away  with  entirely ;  Perches  of  25  cub  ft  X  .926  =  oub  yds ;  and  oub  jg-^^^|^rs  of  25  oub  ft 
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CIRCUULR  CTI.INBRIC  Vir01JI<AS. 

(he  eatttniT  plane  does  not  eat  the  base.    Figi  18^  H 


Fie.  13. 


Fio.14. 


r-{ 

\     (  drcamf  meaad  perp  ^ 
I  ^  \     to  sides,  as  at  X,      ^ 


Volume)  >«    area  of  base  ogxH»umot  greatest  ft  least  perp  heights,  o  n,  e  m, 
of        Ysmi  Ai^Aof  cross  sec  meaad  w  $J  sum  of  greatest  and  least  lengtha, 

ungnla    j      (perp  to  sides,  as  x,  ^        ^iii,oi;ineatod  along  the  sides. 

Area  of  ' 

curved 

surface 


half  snm  of  greatest  and  least  1engthS| 
gm,  0 1,  meaad  along  the  sides. 


Add  areas  of  ende  if  required. 

For  areas  of  eeetione  perpendicular  to  the  tidML  see  Gireles. 

For  areas  of  seetions  oblique  to  the  sides,  see  The  EHipee. 


II.  When  the  enttiny  plane  tonehes  the  hase.   Figs  ▲  to  D. 


Tolnme 

(whether 
right  or 
oblique) 


Cnrred 
snrftiee 

{right 

ungula 

only) 


FlgA-(^a6S— a0Xareaa<lm5  ofbase)-^- 

FIgB-?^«6»Xisiiw 

FigC  ^(Habi  + a eXta^admb    ofhase)-^- 

FigD  «^ area  of  circle  y IS  X  mn 

m»  ^  Tolumo  of  cylinder  xpmn. 
Fig  A  a  (aft  X  <sy  —  a«  X  length  of  arc  dmb  )  ■— . 
FlgB»mif  Xmn. 

Fig  C  =-  (aft  X  my  +  ac  X  length  of  arc  dmb  )  ■— , 
Fig  D  —  H  circumference  of  base    my  X  "»  » 

i-i  ^  cnrred  surface  of  cylinder  xpmn. 


mn 

meas'd  perp 

to  base 


y  Google 


200 


rXAAJUOa  AXSD  OOOCCB. 


PTBAHIDS  AHO  CONES. 

4  d 


A  pyramid, 

of  any  number 


f  Fist.  1, 2,  8.  is  any  solid  whicbr  has,  for  its  base,  a  plane  figure 
of  uaes,  and,  for  its  sides,  plane  triangks  all  lem^nstiBg  at  one 

poiqt  <iy  oaUed  its  apex^  or  top.    When  tlM  base  is  a  v^rular  figure,  the  pyxamid 

Lb  regular  .  otherwiJBe  irreguCar, 


A  oone.  Figs.  4  and  5^  is  a  solid,  of  which  the  base  is  a  curved  figure;  and 
which  may  be  considered  as  made  or  generated  by  a  line,  of  which  one  end  is 
stationary  at  a  certain  point  d,  called  tne  apex  or  top,  while  the  line  is  being 
carried  around  the  circumference  of  the  base,  which  may  be  a  eirsle,  ellipse, 
or  other  curve.  A  oone  may  also  be  legarded  as  a  pyramid  witii  •»  infinite 
uumber  of  sides. 

The  axM  of  a  pyramid  or  cone,  is  a  straight  line  d  o  in  Figs.  1,  2, 4 ;  and  d  t  ii 
Figs.  8  and  5,  from  the  apex  d,  to  the  center  of  gravity  of  the  base.  When  the 
asOsis  perpendieular  to  tkt  basely  m  in  Fife.  1, 2, 4,  the  settd  is  said  t*  War^Ae 
one ;  when  otherwise,  as  Figs  3. 5,  an  obltque  one.  When  the  word  cone  is  used 
alone,  the  right  circular  cone.  Fig.  4,  is  understood.  If  such  a  cone  be  cut,  as  at 
1 1,  obliquely  to  its  base,  the  new  base  1 1  will  be  an  ellipse;  and  the  cone  dtt 
becomes  an  oUiiine  elHptic  one.  Fig.  6  wHl  represent  either  an  obHque  tlioular 
cone,  or  an  obtique  elliptic  one,  according  as  its  base  is  a  circle  or  an  ellipse. 

Volume  of  pjrramld  or  cone*  regular  or  irregulai,  right  or  oblique. 
Tolnme  ~  y^  area  of  base  X  perpendicular  height  d  •,  Figs,  t  to  i. 

—  ^  volume  of  prism  or  cylinder  having  Mune  are»  of  base  Mid 

same  perpendicular  height. 

—  ^  volume  of  hemisphere  of  same  base  and  same  height 

Or,  a  oone.  hemispheze  and  cylinder,  of  the  same  base  and  same  height,  heve 
volomes  as  1, 2  and  8. 

Aresk  of  enrfkcc  of  sides  of  right  regular  pyramid  or  right  drcular  conii 

Area  ^  ^  circumference  of  base  X  slant  beiglit.*^ 

in  the  exme^  this  becomes  I  Add  area  of  base 


Su 


Areai  of  snrfiMW  of  oUl^iae  elllpttc  eone,  dtt. 
Fig.  H,  cu  t  from  a  right  circu  lar  cone,  d  «  *.  From  the  point 
c  vrnere  the  axis  d  o  of  the  right  circular  cone  cuts  the  elliptic 
base  / 1.  measure  a  perpeodicular,  r,  In  any  direction,  to  the 
curved  surface  of  the  cone.  Let  v  =  the  volume  of  oblique 
elliptic  cone,  dtl;  let  a  «  the  area  of  its  elliptic  base  1 1.  and 
let  h  =*  the  height  d  u  measured  perpeadieularly  to  soMbase. 
Then 

Cnnred  snrfhee  = = . 

r  r 

Add  area  of  base  if  required 

No  measnrouent  has  been  devised  for  the  surface  of  an 
obliqne  circular  cone. 

*In  the  pyramid,  this  slant  height  must  be  measured  along  the  middle  of  one 
of  the  sides,  and  not  along  one  of  the  edges. 
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To  find  thm  rnnrtko^  •#  an  tiwflar  pTnuMld. 

Whether  lieht  or  oblique,  each  side  must  be  calculated  as  a  separate  triangle  (lee 
p.  148);  »Dd  the  MTaral  areaa  added  together.    Add  the  area  ot  base  if  required. 


FBUSTITMS  OF  PYRAMIIMS  AND  CONES. 


Itff.O.  Fig.  7. 

Fnutmia  m€  pyvmmUi  (Fig.  ff^  cat  at  come  (Tig;  1)  wMi  Um  aai  taf 

paralleL 

"Wdtwmm  ^regular  or  irregular,  right  or  obttfue) 

—  i>  vf  perpendicular  ^  /  area     i_    area      i_    . /    area    v^     area  \ 

—  >*  X      heighiaa^     ^   ^of  top  "T  «f  bafa  ^    Y    of  top  ^  of  hemj 

«  IV  V  perpendicular  v.  Z'  wea     .      arw      .     *>;  ^"^^f^""  \ 
*to  (fbr  fhistum  ot  right  or  oblique  etrcutar  ewe  only;  See  Fig.  7) 

h;  X  '"hSJ^Jt?"  X  3.1416  X  (o««  +  .#•  +  •< .  •«) 

Snrikoecf  frwtumoCr^  nyvlor  pyramid  or  ooae,  with  lop  and  bait  paialltli 
f|fi.6aod7. 

_«  1^  /diMiBfereiioe    i^  eircnmlbraiiMX  s^     slant     • 
"•M\      ortop         "T       ofbaM      /^hdglitll 

Add  anaa  of  top  attd  baie  if  required. 

Ib  tike  flmstvoa  of  a  Hglkt  «t*e«lMr  oonoy  lUibMoait 

(fr  — tJ41d).  Addareaaof  topandbaMlfivqiitrad. 

Wrmastaxa.  of  Irrai^lar  or  obliqv*  pyramid  or  oone*    Sulhet  « 
Mm  of  surfM^s  of  Mr%,  each  of  whieh  must  be  treated  aa  a  trapeioid. 

•  In  ^  fhistum  of  tiie  Mromiel  (Vlg  ft),  fhiir  slant  height  munt  he  measored 
€f  oo#  €f  tka  lUes  (M  at  <^  and  nal  along  oaa  €f  tha  edfHb 
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nasMoiM» 


PBISMOIDS. 


Fiff.L 


FKr.2. 


A  prtomold  is  sometimM  dafUiMl  at SMind  iMKflBf  Ibr  lis  endi  two  paralkl 
plane  figures,  connected  by  other  plane  flgnree  on  which,  and  thrbiwh  erwy  point 
0^  which,  a  straight  line  may  be  drawn  from  one  of  fh«  two  parallel  ends  to  the 
other.  These  connecting  planes  may  be  paraHetograms  or  not,  and  parallel  to  each 
other  or  not 

Tl&ii  deilnlti^n  -vroald  Include  the  cube  and  all  other  parallelopimda; 
the  prism;  the  cylinder  (considered  as  h  prism  having  an  infinite  number  of  tidee); 
the  pyramid  and  cone  (in  which  one  of  the  two  parallel  ends,  tf  e  the  one  forming  the 
apex,  is  considered  to  be  infinitely  small),  and  their  fhistums  wfth  top  and  base 
parallel ;  and  the  wedge. 

But  the  use  of  the  term  prianaOid  is  fireqnently  restrleted  to  six-sided  solidly 
in  which  the  two  parallel  ends  are  unequal  quadranglet;  and  theoonneotiogplaae^ 
trapezoids;  as  in  Figs.  1  and  2;  and,  by  some  writers,  to  cases  where  the  paraHw 
quadrangular  ends  are  rectangUt. 

The  following  «prlamoldaI  fbm&nlat**  appUet  to  all  the  fbregoing  foUdi^ 
and  to  others,  as  noted  below. 

Let  A  —  the  area  of  one  of  the  two  paraUel  ends.  ' 
a  —    «*         **     the  other  of  the  two  paiallel  enda. 
M  —    «        «<     a  cross  section  midway  between,  and  iMunlU  to,  tbe  flit 

parallel  ends. 
L  —  the  perpendicular  distance  between  the  two  panllel  endik 
Then 

o 


—  L  X  mean  ares  cf  eroes  section. 


The  following  six  flgnres  represent  a  few  of  the  irregnlar  solids  which  fhMimisrtf 
abore  broad  definition  of  ''prismoid,**  and  to  which  the  prismoidal  formula  ap]^isft 


They  may  be  regarded  as  one-chain  lengths  of  railroad  outtincs  lao  being  the  lenj^ 
sr  perpendicular  (horizontal)  distance  between  the  two  parallel  (vertical  ends. 
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Th»  mismoldal  f6nniil»  «ppll««  also  to  Am  qihere,  htmiiphere,  and 
■pofkal  Mgmeikto;  also  to  anj  MoUrMia  laoh  a»a6o4,aiid  •ii<dfr«^  of  the 


\t  to  which  the  aldet  a  d;  a  e,  or  od;  ie,  are  «6iai!^;  as  tii^jr  are  only  when  the 
•nttiDg  plane  ade  panes  through  the  opese  or  top  a.  Also  to  tbe  ^Under 
wh«i  a  plane  paraud  to  the  $id«a  pasaee  through  botii  ends:  hot  not  if  the  plane 
ws  is  obKque,  aa  in  the  fig.,  though  nerer  erring  more  than  1  in  142.  In  tiais  IsMt 
«we  we  most  imagine  the  plane  to  be  extended  nntil  it  cuts  the  sids  of  the  cylinder 
likewise  extended ;  and  then  by  page  199  find  the  solidity  of  the  aagiila  thus  formed. 
TImh  find  the  solidity  of  the  small  angola  abore  «0,  also  thus  formed,  and  subtract 
It  from  the  large  one. 

This  venr  extended  applicability  of  the  prlsmoidal  formula  was  flist  discoTersd, 
and  made  kimwa,  1^  SUwood  Horris,  a  X.,  of  Philadelphia,  in  1840. 


A  -wttdg* 

Is  usaally  defined  to  be  a  solid.  Figs.  8  and  9]^Derated  by  a  plane  triangle,  ano, 
moTing  parallel  to  Itself,  in  a  straight  line.  This  definition  requires  that  the  twe 
triaagilar  ends  of  the  wvdge  should  be  parallel :  but  a  wedge  may  be  shaped  as  in 
Jig.  10  or  11.  We  would  therefore  propose  the  fulowing  definition,  which  embraces 
all  the  figs.;  besides  Tarions  modifications  of  them.  A  solid  of  fire  plane  liacee :  one 
of  which  is  a  parallelogram  abed^  two  opposite  sides  of  which,  as  a e  and  b d,  are 
wiitM  by  means  of  two  triangular  Ihees  oon,  and  bdm,  to  an  edge  or  line  nm, 
parallel  to  ttie  other  opposite  sides  ab  and  cd.  The  parallelogram  abed  may  be 
•ither  rectangular,  or  not ;  the  two  triangular  ftMses  may  be  similar,  or  not ;  and  the 
■one  with  regard  to  the  other  two  Ihces.    The  foUowing  rale  applies  equally  to  aBt 

^  -••"^  mb  +  ed-k-nm  •u^wwi-o*  meas^psrptoali 
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SPfiERBS  OB  GLOB£». 

A  Spliere 

Is  a  solid  generated  1^  the  revolution  of  a  SHinicircla  aronnd  its  dismeter.  Erery 
'  point  in  the  surface  of  a  sphere  is  equidistant  from  a  certain  point  called  the  center. 
Any  line  passing  entireW  through  a  sphere,  and  through  its  center,  is  called  its  axit, 
or  diameter.  Any  cirefe  described  on  the  surface  of  a  sphere,  from  the  center  <^ 
the  sphere  as  the  center  of  the  circle,  is  called  a  great  eirde  of  that  sphere  i  in  other 
words  any  entire  circumference  of  a  sphere  is  a  great  circle.  A  n^here  has  a  greatei 
content  or  solidity  than  any  other  solid  with  the  same  amount  of  surfocejao  that  i| 
the  shape  of  a  sphere  be  any  way  changed,  its  content  will  be  reduced.  The  inter* 
section  of  a  si^ere  witti  any  plane  is  a  circle. 

Tolnme  of  sphere 

—  I  TT  radiusS  —    4.1888   radius' 

—  >^  TT  diameter'  —    0.6236   diameter' 

—  j^Si!HH5^5521»  -.   0.01689  circumfeiwot 

—  %  diameter  X  area  of  surfiRce 

-*  %  diaflMter  X  area  of  gvrat  circle 
•«  %  Tolnme  of  circumscribing  cylinder 

—  0.5236  volume  of  circumscribing  cube. 

ArMi  of  snrfkoe  of  sphere 

—  4  TT  radius*  —    12.6664  radius* 

—  TT  diamoter*  •«     t.1416  ^ai&eter* 

circumference*  «.,««  *  « 

— »     0.8183  ciroumferenot* 

TT 

—  diameter  X  circumference 

—  4  X  area  of  great  circle 

—  area  of  circle  whoee  diameter  is  equal  to  twice  diameter  oC  q^bem 

—  curved  snrtiace  of  circumscribing  cylinder 
6  X  volume 

diameter. 

RaUlliu  of  sphere 


J     vohuw  ^  ^^jj^     V^otiu^ 


/Area  of  suHhre  ^- . 

=    V" V^ ^^    ^  .07968  X  ar^aoCMii&M 

CteiWiMfcafimwi  of  sphere 

ara    'v^*  T*  Tolume  =•    '^^69.2176 


v/tt  »rea  of  surface  =    ^3.1416  area  of  surfiMe 


area  of  surface 
diameter. 
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SonM  •rrora  of  1  in  tbe  last  ngatt  onlj. 


1 

1 

£• 

1 

1 

i? 

1 

1 

K 

^ 

1 

i 

•2 

£• 

Q 

s 

o 

5 

Q 

9 

o 

fiO 

OQ 

OQ 

^ 

[     =° 

cc 

QQ 

CQ 

1-M 

-00077 

13-83 

18.190 

7.2949 

%     170.87 

U  ne.Ti 

210.03 

H 

921.33 

2629.6 

1-32 

.00307 

.00002 

7-16 

18.666 
19.?47 

7.5829 

330.89 

H 

934.83 

2687.6 

3-64 

.00690 

.00005 

15-32 

7.8783 

% 

182.66 

282.13 

H 

948.43 

3746.5 

1-16 

.01227 

.00013 

H 

19.635 

8.1813 

H 

188.69 

343.73 

H 

962.12 

2806.2 

3-32 

.02761 

.00043 

17-32 

20.129 

8.4919 

K 

194.83 

255.72 

H 

975.91 

2866.8 

H 

.01909 

.00102 

916 

20.629 

88103 

8. 

201.06 

268. OH 

H 

989.80 

2928.2 

s-sl 

.07670 

19-32 

21.135 

9.1366 

H 

207.39 

280.85 

H 

1003.8 

2990.5 

S-16 

.11046 

.00345 

H 

21.648 

9.4708 

% 

213.62 

294.01 

18. 

1017.9 

3U5.H,6 

7-32 

.15033 

.00548 

21-32 

22.166 

9.8131 

H 

220.36 

307.58 

H 

1032.1 

3117.7 

H 

.19635 

.00818 

U-16 

22.691 

10.164 

H 

226.98 

321.56 

M 

1046.4 

3182.6 

93i 

.24851 

.01165 

23-32 

23.222 

10.522 

H 

233.71 

335.95 

% 

1060.8 

8248.5 

5-ie 

.30680 

.01598 

H 

23.758 

10.889 

H 

240.53 

850,77 

H 

1075.2 

8815.3 

11-32 

.37123 

.02127 

25-32 

24.302 

11.265 

H 

247.45 

366.(12 

% 

1089.8 

8382.9 

% 

.44179 

.02761 

13- 16 

24.850 

11.649 

9. 

254.47 

381.7(1 

H 

1104.5 

3451.5 

13-32 

.51848 

.03511 

27-32 

25.405 

12.041 

H 

261.59 

39T.8;J 

H 

1119.3 

8521.0 

M6 

.60132 

.04385 

H 

25.967 

12.443 

H 

268.81 

414.41 

i9. 

1134.1 

8591.4 

15-33 

.69028 

.05393 

I&Si 

26.535 

12.853 

% 

276.12 

431.44 

H 

1149.1 

3663.8 

>{ 

.78540 

■06545 

15-16 

27.109 

13.272 

H 

283.53 

448,92 

H 

1164.2 

3735.0 

17-32 

.88664 

.07850 

31-32 

27.688 

13.700 

H 

291.04 

466,87 

% 

1179.3 

S8tf8.3 

9-16 

.99403 

.09319 

3. 

28.274 

14.137 

H 

298.65 

485.31 

H 

1194.6 

3882.5 

1932 

1.1075 

.10960 

1-16 

29.465 

15.039 

H 

306.36 

604.21 

% 

1210.0 

8957.6 

% 

1.2272 

.12783 

H 

30.680 

15.979 

10. 

314.16 

523.60 

% 

1225.4 

4033.7 

21-32 

1.3530 

.  14798 

3-16 

31.919 

16.957 

H 

322.06 

64348 

H 

1241.0 

4110.8 

11-16 

1.4849 

.17014 

H 

33.183 

17.974 

H 

330.06 

663.86 

20. 

1256.7 

4188.8 

33-32 

1.6230 

.19442 

5-16 

34.472 

19.031 

H 

338.16 

684.74 

H 

1272.4 

4267.8 

H 

1.7671 

.22089 

H 

35.784 

30.129 

H 

346.36 

606.13 

H 

1288  3 

4347.8 

25-32 

1.9175 

.24967 

7-16 

37.122 

21.268 

H 

354.66 

628.04 

% 

1304.2 

4428.8 

13-16 

2.0739 

.28084 

H 

88.484 

22.449 

H 

363.05 

650.46 

H 

1320.3 

4510.9 

27-32 

2.2365 

.31451 

9  16 

39.872 

23.674 

H 

371.54 

673.42 

% 

1336.4 

4593.9 

H 

2.4053 

.35077 

H 

41.283 

34.942 

11. 

380.13 

696,91 

H 

1352.7 

46779 

29-32 

2.5803 

.38971 

11-16 

42.719 

36.254 

H 

388.83 

720.95 

% 

1369.0 

4763.0 

16-16 

2.7611 

.43143 

H 

44.170 

27.611 

K 

397.61 

745.51 

21. 

1385.5 

4849.1 

31-32 

2.9483 

.47603 

13-16 

45.664 

29.016 

% 

406,49 

770.64 

H 

1402.0 

4936.2 

t. 

3.1416 

.52.^60 

H 

47.173 

30.466 

H 

415.48 

796.33 

y* 

1418.6 

5024.8 

1-32 

3.3410 

.57424 

15-16 

48.706 

31.965 

% 

424.56 

822.53 

% 

1435.4 

5113.5 

1-16 

3.5466 

.62804 

4. 

50.265 

33.610 

H 

433.78 

849.40 

1452.2 

6203.7 

3-32 

3.7583 

.68511 

t  16 

51.848 

35.106 

H 

448.01 

876.79 

H 

1469.2 

5295.1 

H 

3.9761 

.74551 

H 

53.466 

36.751 

12. 

452,39 

904.78 

H 

1486.3 

5387.4 

5.33 

4.2000 

.80939 

3-16 

55.089 

38.448 

H 

461.87 

933.34 

y^ 

1503.3 

5480.8 

3-16 

4.4301 

.87681 

H, 

56.745 

40.195 

H 

471.44 

962.52 

22. 

1520.5 

5575.8 

7-32 

4.6664 

.94786 

5-16 

58.427 

41.994 

% 

481.11 

992.28 

% 

1537  9 

6670.8 

H. 

4.9088 

1.0227 

H 

60.133 

43.847 

H 

490.87 

1022.7 

1555.3 

5767.6 

9-32 

5.1573 

1.1013 

7-16 

61.863 

45.752 

500.73 

1053.6 

% 

1572.8 

5865.1 

6-16 

5.4119 

t.l839 

H 

63.617 

47.713 

% 

510.71 

1085.3 

H 

1590.4 

5964.1 

11-32 

5.6728 

1.2704 

916 

65.397 

49.729 

V 

520. 7T 

1117.5 

^ 

1608.2 

6064.1 

H 

6.9396 

1.3611 

H 

67.201 

51.801 

13. 

530.98 

1160.3 

% 

1626.0 

6165.1 

13-32 

6,2126 

1.4561 
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OBGllBNliS,   fiTO.,  or  8PHEBES. 


To  find  tbe  solidity  of  a  spberical  meguiBnt* 

RiOB  1.  Sqa  ane  th«  radon,  of  its  bau;  multthiaiqiiftrelfj  8;  to 
the  prod  add  the  tqaare  of  lu  height  o  « ;  mult  fte  aom  hy  the  height 
o  • :  and  molt  thU  last  prod  bj  .52S6. 

RuLB  2.  Molt  the  diam  ah  of  the  apherehjS;  from  thoprod 
take  tvice  the  height  o  «  of  the  segment;  mult  the  rem  by  the  sqoare 
of  the  height  o  • ;  and  malt  this  prod  by  .6236. 

The  soliditT  of  a  sphere  being  ^ds  ttat  of  itsefremnsorlbingeyli*- 
der,  if  ire  add  to  any  solidity  in  the  table,  its  half,  we  obtain  th«k 
of  a  cylinder  of  the  same  diam  as  Vbe  sphere,  and  whose  height 
equals  its  dlam. 


To  find  the  eiurTed  snrfece  of  a  spherical  segrnsent. 

RuLB  1.  Mult  the  dlam  a  &  of  the  sphere  trom  whidi  the  segment  is  out,  by  S.UlC; 
■Milt  the  prod  bv  the  height  o  •  of  the  seg.  Add  area  of  base  if  reqd.  Bni.  Having  the  dian^  n  r 
ef  the  seg,  and  lU  height  o  «,  the  diam  a  b  of  the  sphere  may  be  found  thas :  Div  the  sqaare  of  half 
the  diam  n  r,  by  its  height  o  • ;  to  the  quot  add  the  height  o  «.  Rulc  2.  The  curved  Rurf  of  either 
a  segment,  last  71b  or  Of  a  cone,  (next  Fig,)  bears  the  same  proportion  to  the  surf  of  the  whole 
sphere,  that  the  height  of  the  seg  or  zone  bears  to  tbe  dlam  of  the  sphere.  Therefore,  flrst  find  the 
surf  of  the  whole  sphere,  either  by  rule  or  from  tbe  preceding  table ;  mult  It  by  the  he^;ht  or  the  »tm 
or  tone ;  dlr  tbe  prod  br  diam  of  sphere.  Baue  S.  Mult  the  oirouutf  of  the  sphere  by  the  height  om 
Bf  theseg. 

To  find  the  solidity  of  a  spherioal  aoae* 

Add  together  the  square  of  the  rad  e  4.  tbe  square  of  rad  o  b, 
and  ^d  of  the  square  of  the  perp  height  ee;  mult  the  sum  by 
1.5708;  and  mult  this  prod  by  the  height  40.  • 

To  find  the  carved  sarfiice  of  a  spher- 
ical zone* 

ttvtn  I.  Mult  together  the  diam  m  n  of  the  spbere;  the  height 
•  o  of  tbe  sone,  and  the  niimber  It.  1416.  pr  see  preceding  Rule  X 
for  surf  of  segments.  Rule  2.  Mult  the  cDvumf  of  the  sphere,  by 
the  height  of  tbe  zone.  • 

To  find  the  solidity  of  a  liollow  spher- 
ical shell. 

Take  flrom  tbe  foregoing  table  the  solidities  of  two  cpheree  hMdng 
tbe  diams  a  &,  and  e  d.   Bubtraet  the  least  from  the  treawt.  ||ert 


»  e  or  ft  4  la  the  thiokneM  Of  tU  akeSL 


THE  ElililPSOID,  OR  SPH£ROra>, 

Is  a  solid  generated  by  the  rerolutibn  of  an  ellipse  around  either  iu  long  or  its  short  diam.  WhoK 
around  the  long  (or  transverse)  diam,  as  at  a.  Fig  1,  it  is  an  ofeloiiy  or  pro- 
late spheroid ;  when  around  the  short  (or  eonjaipate)  one,  as  at  m>  in  Fig  2, 
it  is  oblate. 


o 


Rflf.l. 


to 


Vig.% 


For  the  solidity  in  either  case,  mult  the  fixed  diam  or  axis  by  the  souAre 

of  the  roTolTlng  one ;  and  mult  the  prod  by  .5286.  H"«*«» 

*  This  rule  applies,  whether  the  zone  includes  the  equator  (as  in  our  figure)  or 
not,  as  m  the  earth's  temperate  zones.  X  e      y.    * 
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THE  PARABOIiOID,  OR  PARABOIilC  CONOID, 

aezt  Fig,  is  a  tolid  generated  by  the  reTolntlon  of  a  parabola  aeb,  around  iu  axis,  e  r. 
For  its  SQlldttjr  mult  the  area  of  its  base,  hj  half  its  height,  r  e.    Or  mult 

tegether  the  aquare  of  the  rad  •  r  of  (be  baaei  the  height  r  e;  and  the  number  I.&T06. 


For  tbe  solidity  of  a  fmstam, 

mh  gh,  the  ends  of  which  are  perp  to  the  axil  r  c ;  add  together  Iht 
■qaares  of  the  two  dlams  a  h  and  g  h;  malt  theaum  by  the  height  r  I; 
molt  the  prod  bj  Om  deoiiMl  .Sri7. 

To  find  the  snrfiiee  of  a  paraboloid* 

Molt  the  rad  a  r  of  iU  base,  by  6.28S2;  dlT  the  prol  by  12  timee  the 
■qaare  of  the  height  r  o ;  call  the  qnot  p.  Then  add  together. the  square 
of  the  rad  a  r,  and  4  timee  tbe  tqaare  of  the  height  r  e.  Cube  the 
•am ;  take  the  aq  rt  of  thii  cube ;  from  the  eq  rt  anbtraot  the  eabe  of 
the  rad  a  r.    Mult  the  rem  by  p. 

Either  the  aolidity.  or  the  surface  of  a  frastum.  ah  gh,  when  ghl» 
parallel  to  a  b,  may  be  found  by  oalcalating  for  the  whole  paraboloid. 
•ad  for  the  upper  portion  egh,  9*  two  separate  paraboloids,  and  taking  their  di 

TSIK   €IRCUI<AB   8PIlfDI<E, 

U  a  aolM  abnw  generated  by  the  rerolatieo  of  a  eireolar  Mgment 
•  ft  It  •  a»  aroaad  f *" — * '- 


I  ohmrd  •  it  aa  an  axla. 


To  And  its  solidity. 

BtJia  1.  First  find  the  area  of  a  &  e,  or  half  the  gcnerattag  efroalar 
■egment.  Then  to  the  aquare  of  a  «.  add  tbe  square  of  6  e;  dlT  the  sum 
by  &  y ;  tnm  the  qaot  take  6  e;  mult  the  rem  by  the  area  of  a  «  6 ;  call 
the  prod  p.  Cube  at;  diT  the  enbe  by  8 :  flrom  the  qaot  take  ».  Molt  the 
rem  by  12.5««4. 

Rvhm  2.  When  th«  diet  o  «  is  known,  flpom  the  oenter  of  the  elrole  to 
the  oen  of  the  spindle,  then  mult  that  dist  e  «,  by  tbe  area  of  a  ft  e ;  eall 
theprodp;  cubeaei  dir  the  cube  by  8 ;  ftem  the  quot  takes;  Bulttha 
wm  by  12.6884. 

To  find  its  snrfaee. 

Bux.1 1.  First  find  th«  length  of  the  oircular  aro  a  ft  n ;  and  malt  It  bf 
the  dist  0  e  fk>om  the  oenter  of  the  elrole  to  the  center  of  the  spindle.  CaU 
the  prod  p.    Next  malt  the  length  a  it  of  the  spindle,  by  the  rad  o  &  of  the  «lrolab    From  the  prod 
takep;  mult  the  rem  by  8.28S2. 

RviM  2.  First  find  the  length  of  the  aro  ahn.  Square  a  « ;  also  square  &  » ;  add  these  aquaree 
together ;  dtr  their  sam  br  ft  y ;  call  the  qaot  • ;  and  mult  f t  by  a  n ;  call  the  prod  p.  Next  from  •  take 
ft  e :  mult  the  rem  by  the  length  of  the  are  abn.    Subtract  the  prod  ft^om  p ;  mult  the  rem  by  8.26SS. 

To  find  tbe  solidity  of  a  middle  sone  of  a  cirenlar  spindle* 

AMhtkp 


f  ^««S.^^  X  «•)-(••  X  MM  off  Alft)  I 


)^  8.1881. 


Tolnme  > 


CIRCVIiAR  RUrCMi. 

,  _  area  of  cross  section  of  bar  ^  I  sum  of  Inner  and  outer  .^  « -.--<j« 
^         of  which  ring  is  made     ^     diameters,  aa  and  66     X«.i«ot«. 

nit.M#>«>«A  —    circumference  of  bar  v^  }  sum  of  inner  and  outer  ^^  o  i^iKot 
Surface  -  ^^  ^^^^^  ^nf  is  made  ^     dismeteit,  aa  and  66     ^  *"15M, 
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SPEOmO  GRAVm. 

1.  The  specific  sravit7f  or  relative  density,  D*.  of  a  subitanoe. 
is  the  ratio  between  the  weight,  W,  of  any  given  rolume  of  that  Bubstauoe  and 
the  weight,  A,  of  an  equal  volume  of  some  substance  adopted  as  a  standard  of 

comparison.    Or:    D  =  -^. 

2.  For  gaseous  substances,  the  standard  substance  is  air,  at  a  temper- 
ature of  0<^Cent  =»  Z7P  Fahr.,  with  barometer  at  760  millimeters  »  29.922  inches. 

3.  For  solids  and  liquids,  the  standard  substance  is  distilled  water,  at  its 
temperature  (4°  Cent  =  39.2^  Fahr.)  of  maximum  density. 

4.  For  all  ordinary  purposes  of  civil  engineering,  any  clear  fresh 
water,  at  any  ordinary  temperature,  may  be  used.  Even  with  water  at 
W^  Cent.,  =  860  Fahr.,  the  result  u  only  4  parts  in  1000  to< 


5.  When  a  body  is  immersed  in  water,  the  upward  forces  or  **  buoyancy*'* 
exerted  upon  it  by  the  water,  or  the  **loss  of  weight "  of  the  t)ody,  due  to  its 
immersion,  is  equal  to  the  weight  of  the  water  displaced  by  the  inimenion  of 
""    "    '    '        ,  if 


W  =  the  weight  of  the  body  in  air, 

«;  =  its  weight  in  water, 

D  =  its  relative  density  or  specific  gravity, 

A  =  the  weight  of  water  displaced ; 

thenA=.W  — w;  and D  =  ^  =  .^=^?— . 
A       W  —  to 

6.  Since  the  volume,  V,  of  a  body,  of  given  weight,  W,  is  inversely  as  its 
density,  or  specific  gravitv,  D ;  the  specific  gravity  is  equal  also  to  the  ratio 
between  the  volume  Y,  of  an  equal  weight  of  the  standard  substance,  to  the 

volume,  V,  of  the  body  in  question ;  or  D  =  ^'. 

7.  The  specific  gravities  of  substances  heavier  than  water  are  ordi- 
narily determined  by  weighing  a  mass  of  the  substance,  first  in  air  (obtain- 
ing its  weight,  W),  and  then  when  the  mass  is  completely  submerged  in  water 


(obtaining  its  diminished  weight,  w).    Then  D  =  r=r ,  as  in  f  5. 

W  —  to 

8.  If  the  body  Is  lighter  than  water »  it  must  be  entirely  immersed, 
and  held  down  against  Tto  tendency  to  rise.  Its  weight,  to,  in  water,  or  ita 
upward  tendency,  is  then  a  negative  quantity,  and  means  must  beprovided  for 
measuring  it,  as  by  making  it  act  upward  against  the  scale  pan.  We  then  have, 
A  =  W-(-ir)  =  W+i?;or 

Loss  due  to  immersion  =  weight  of  body  in  air,  plus  its  buoyancy. 

9.  Or,  first  allow  the  body  to  float  upon  the  water,  and  note  the  resulting;  dis- 
placement, v,  of  water,  as  by  the  rise  of  its  surface  level  in  a  prismatic  vesseL 
Then  immerse  the  body  completely,  and  again  note  the  displacement,  V.  Now 
«,  the  volume  displaced  by  the  body  when  floating,  and  V,  the  volume  displaced 
by  the  body  wh^n  completely  immersed,  are  proportional  respectively  to  the 
weight,  W,  of  the  body,  and  to  the  weight,  W  —  w,  of  a  mass  of  water  of  equal 

Tolume  with  the  body.    Hence  D  =  == =  X. 

W  —  to       V 

10.  Or,  attach  to  the  light  body,  6,  a  heavier  body,  or  sinker,  8,  of  such  den- 
aity  and  mass  that  both  bodies  together  will  sink  in  water.  Let  W  be  the 
weight  of  the  light  body,  6,  in  air ;  Q  the  weight  of  both  bodies  in  air,  and  q 
their  combined  weight  in  water.  Then  Q  —  g  =  the  weight  of  a  mass  of  water 
of  equal  volume  with  the  two  bodies,  and  Q  —  W  =»  the  weight,  S,  of  the  sinker 
in  air.  By  immersing  the  sinker  alone,  find  the  weight,  *,  of  water  equal  in 
volume  to  the  sinker  alone,  »  loss  of  weight  in  sinker,  due  to  immersioo. 
Then,  for  the  weight,  A,  of  water  of  equal  volume  with  the  light  body,  fr,  or  for 

♦Strictly  speaking,  "  specific  gravity  "  refers  to  toeiahi,  and  "relative  density »» 
to  nuu$  (see  Mechanics,  Art.  14  a);  but,  as  specific  gravity  and  density  are 
numerically  equal,  they  are  often  treated  aa  identical 

t  See  Hydrostatics,  Art.  18.  ^  i 
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the  Ion  of  weight  of  bf  doe  to  immersion,  we  hare  A  »  Q  --^  ~  k ;  and,  for 
the  specific  grarity,  D,  of  the  light  body,  6,  we  hare  D  —  _^     =«       ^ 

where  to  =>  the  (unknown)  buoyancy  of  b. 

11.  A  granular  body,  as  a  mass  of  saw-dust,  gravel,  sand,  cement,  etc., 
or  a  porous  body,  as  a  mass  of  wood,  cinder,  concrete,  sanastoue,  etc.,  is  a  com- 
posite body,  oouslsCing  partly  of  solid  matter  and  partly  of  air.  Thus,  a  cubic 
foot  of  quartz  Hand  weighs  about  100  fi>s.;  while  a  cubic  foot  of  quartz  weighs 
about  165  fbs. 

12.  The  specific  gravity  of  porous  substances  is  usually  taken 
as  that  of  the  composite  mass  of  solia  and  air.  Ihus,  a  wood,  weighing  (with 
its  contained  air)  62.5  ft>s.  per  cubic  fooL  or  the  same  as  water,  is  said  to  have  a 
specific  gravity  of  1.  The  absorptiou  or  water,  when  «8uch  bodies  are  immersed 
for  the  purpose  of  determining  their  speciftc  gravities,  may  be  prevented  by  a 
thin  coat  of  varnish. 

13.  The  specific  gravity  of  granular  substances  is  sometimes  taken 
as  that  of  the  solid  part  alone.  Thus,  Portland  cements  ordinarily  weigh  (in 
air)  from  75  to  90  fi)s.  per  cubic  foot,  which  would  correspond  to  specific  gravities 
of  from  1.20  to  1.44 ;  out  the  specific  gravity  of  the  solid  portion  ranges  from 
SwOO  to  8.25 ;  and  the  latter  figures  are  usually  taken  as. representing  Uie  specific 
gravities. 

14.  In  determining  the  specific  gravities  of  substances  (such  as  cement) 
which  are  soluble  in  water  or  otherwise  affected  by  it,  the  substances  are 
weighed  in  some  liquid  (such  as  beuzine,  turpentine  or  alcohol)  which  will  not 
affect  them,  instead  of  in  water.  The  result,  so  obtained,  must  then  be  multi- 
plied by  the  ratio  between  the  density  of  the  liquid  and  that  of  water. 

15.  The  specific  grravity  of  a  liquid  is  most  directly  determined  by 
weighing  equal  volumes  of  the  liquid  and  of  water. 

16.  Or  weigh,  in  the  liquid,  some  body,  whose  weight,  W,  in  air,  and  whose 
specific  gravity,  d,  are  known.  Let  u/  =  its  weight  in  the  liquid.  Then,  for 
the  specific  gravity,  D,  of  the  liquid,  we  have 


W:W  — «/  =  d:D;  orD  = 


W     '• 


17.  Or,  let  the  body,  in  f  16  (weighing  W  in  air),  weigh  to  in  water,  and  (as 
before)  «/  in  the  liquid  in  question.  Then,  since  specific  gravity  of  water  =  1. 
we  have  *-  o        ^  » 

W  — tr:W  — «/  =  l;D;   or  D=»3^~"*^. 
W  —  tr 

18.  The  specific  gravities  of  liquids  are  commonly  obtained  by  observing  the 
depth  to  which  some  standard  instrument  (called  a  hydrometer)  sinks  when 
allowed  to  float  upon  the  surface  of  the  liquid.  The  greater  the  depth,  the  less 
the  specific  gravity  of  the  liquid.  In  Beauni«*s  hydrometer  the  depth 
or  immersion  is  shown  by  a  scale  upon  the  instrument.  The  graduations  of  the 
scale  are  arbitrary.  For  liquids  heavier  than  water,  O^^  corresponds  to  a  specific 
gravity  of  1,  and  76°  to  a  specific  gravity  of  2.  For  liquids  lighter  than  water, 
10°  correspond  to  a  specific  gravity  of  1,  and  60<>  to  a  specific  gravity  of  0.746. 

19.  In  Twadd ell's  hydrometer,  used  for  liquids  heavier  than  water, 

.p^Ofio  gr.Tlty  =  «XNo.of<legr.»^l.W)0 
Thus,  if  the  reading  be  90<^,  ' 

20.  In  Nicholson's  hydrometer,  largely  used  also  for  solids,  the  specific 
gravity  is  deduced  from  the  weights  required  to  produce  a  standard  depth  of 
immersion.  It  consists  of  a  hollow  metal  float,  from  which  rises  a  thin  but  stiff 
wire  carrying  a  shallow  dish,  which  always  remains  above  water.  From  the 
float  is  suspended  a  loaded  dish,  which,  like  the  float,  is  always  submerged.  On 
the  wire  supporting  the  upper  dish  is  a  sUndacd  mark,  which,  in  observations, 
la  al  wavs  brought  to  the  surface  of  the  water.  The  specific  gravitv  is  then  deter- 
mined bv  means  of  the  weights  carried  in  the  two  dishes  respectively. 

21.  The  determination  of  the  specific  gravities  of  gaseous  sub- 
stances requires  the  skill  of  expert  chemists.  ^  T 
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Table  of  speellle  rniTttles,  find  weifflito. 

In  this  table,  the  sp  gr  of  air,  and  gasea  alio,  are  compared  with  that  of  watei; 
toitead  of  that  of  air ;  which  last  is  usuaL 


Tba  tpeciflc  gravity  of  any  substance  is  «■  Its  welfflit 
in  grmMMu  per  cable  eentUnetre. 


Air,  aunoapberie ;  mttfP  Fah,  and  under  the  preMure  of  one  alaioephwe  < 

U.7  Iba  per  sq  inoh,  weighs  j^-g  part  as  maeh  as  water  at  SO" , 

▲loohol,  pure , 

"       of  ooouneroe , 

"       proof  spirit ., • 

Aah,  perfeotly  dry. arerage. 

1000  ft  board  meaaore  weighs  1.748  tons. 

Ash,  American  white,  dry « •• 

1000  ft  board  measnre  weiriis  1.414  tons. 
Alabaster,  flUsely  so  eaDed ;  bat  really  MarUes , 

"         real;  a  oompaot  white  plaster  of  Paris average, 

Alnminiam , 

AntimoDy,  oast,  6.66  to  6.74 average  , 

"  native •• 

Anthraolte.    See  Coal,  below. 


Average 

Wt  of  a 

Onb  Ft. 

Lba. 


B  Limestones,  qnarrled 

Bath  Stone,  Oolite 

Bismuth,  oast.    Also  native 

Bitomen,  solid.    See  Asphaltom. 

Brass,  (Copper  and  Zinc,)  cast,  7.8  to  8.4 

"     rolled , 

Bronae.    Copper  8  parts ;  Tin  1 .    (Onn  metal.)  8.4  to  8.6. . . 

Brick,  best  pressed , 

"      common  hard 

"      soft,  inferior k... 

Brickwork.    See  Masonry. 

Boxwood,  dry 

Oalcite,  transparent. 

Carbonic  Acid  Oas,  is  IH  times  as  heavy  as  air 

Cement.    (See  T  IS.) 

•*   Portland,  8.00  to  8.«6 

•*   Natural,  2.75  to  8.0a 

Chalk,  2.2  to  2.8.    See  Limestones,  quarried». 

Charooal,  of  pines  andoaks». 

Cherry,  perfsotly  dry 

Chestnut,  perfectly  dry  ..............  m » 

CoaL    See  also  page  115. 

AnthraoiU,  1.8  to  1.7 

*'  piled  loose 

Bituminous,  1.2  to  1.4. 

piled  loose 


Coke.. 


pUed  loose 

In  coking,  eoals  swell  tram  25  to  50  per  eent. 

Copper,  east, 8.6  to  8.8 

"      rolled, 8.8  to  9.0 

Crystal,  pure  Quarts.    See  Quarts. 
Cork.. 


Diamond,  8.44  to  3.55 ;  uauaUy  8.51  to  8.56. . . 

dry.  loose.  .. 

*f   shaken. 


■arth }  common  loam,  perfeol 


Uy8, 
itly«3 


moderately  rammed. 


**    m(»«  moist. 


**  moderatdy  packed 

as  a  soft  flowing  mud 

as  a  soft  mud,  well  pressed  into  a  box. 


lOOOft 


11m,  perfBotly 


Ibony,  dry .  _ 
Bmerald,  2.6StoS.76.. 
Pat. 


board  measure  weighs  1.802  tens. 


Flint 

Feldspar,  t.6tot.8 

Garnet,  8.5  to  4.8;  Precious,  4.1  to  4.8. . 

Glass,  2.5  to  8.45 

"     common  window. 


MiUville,  New  Jersey.    Thick  flooring  glass  . 
Granite,  8.56  to  2.88.    See  LioMstone.  160  to  180.. . . . .  < 


186. 

157. 

158. 

I    170. 
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Table  of  speelfle  vr»¥lUe«,  And  wel^Mte— (OontiiwtA.) 


The  ipecific  gravity  of  any  «Hb«tMiioe  is  ».  it«  weif^t 
in  fframs  per  euMe  eentimeire. 


S.6StoS.T0.. 

InlooM  piles 

HorableD<Uo.. 


Gypram,  PiMter  of  Paris,   S.-24  to 


qaanied,  in  Ioom  bUm.. 


'  in  irregolar  Inmpe.. 
roond.  V 


UlooM,  per  ttmek  bntb«l,  TO 

wellskakM.  "       •'       80 

"      Oaloinad,  looM,  par  ttniok  bull,  « to  T6... 

Qwnrto— ,  t»H>»  1^  U  a.» 

"  **     qnnnied,  in  looM  pilM 

OimTel,  nbont  the  mom  m  Muid,  wbtoh  m*. 

Gold,     out,  par*,  or  S4  oarnt. 

•'        natlTe,  par*,  19Ji  to  19.S4.. 


'froqiMntijr  oonulning  stlTor,  16.6  to  19.8... 
.  .^  .  .    jg^j 


'^       port,  hammerod,  19.4  to  19.) 

OnttaPeroha •• 

Hornblende,  blaok,  S.l  to  8.4 **      .. 

Hydrofen  One,  is  14H  tiaes  Ufhtw  than  air;  and  16  times  Ufbter  than 

9xjt&m aTorace.. 

Hemlook,  perfeotlr  dry.  " 

1000  feet  board  measure  welf  bs  .990  ton. 
Hickory,  perfeetlr  dry. 

1000  feet 
Iron,  and  steel. 

««  Pig  and  oast  iron  and  east  steel 

••   Wiooght  iron  and  steel,  and  wire,  T.6  to  T.9 .. 

iTory ,. 

loe,  .917  to  .928 ^ 

India  rubber 

Lignum  ritSB,  dry 


t  board  measure  weighs  1.971  tons. 


..averafle.. 


Lead,  of  eoBineroe.UJOteU.4Tj  either  rolled  or  onM **     .. 

Limestones  and  Marblee»S.4  to  8.86,  UO  to  I78i8 

"  *•  ,        •'       ordinarily  about 

•*  •*  ••       quarried  in  Irregular  fragmenu.  I  cub  yard  solid, 

makes  about  1.9  cub  yds  perfeotlr  loose ;  or  about 
l^  yds  piled.  In  this  last  ease.  571  of  the  pile 
Is  solid;  and  the  remaining  .429  part  of  it  is 

Toids piled.. 

Liae,  qnfok,  ground,  loose,  per  struok  bnahel  68  to  70  lbs 

"  ••       well  shaken,    "       '-  "~      ' 


«•         ••  "       thoroughly  shaken, '*    ...MH  **  

Mahogany,  Spanish,  dry* average. 

**  Honduras,  4uy " 

Maple.  dry» **      . 

Marbles,  see  Limestones. 

Masonry,  of  granite  or  limestones,  well  dressed  throughout.. 
'**'*'     well-soabbled  mortar  mbbla. 
will  be 


▲boot  ^  of  the  mass 

bblediiryrubWe'!.*.*".*!!!"!!II!!!I!!.'!!!!.*! 
Ihly  eoabbled  mortar  mbUe.    Abont  HtoH  pert 

wlU  be  mortar 

•<       •<     roughly  soabbled  dry  rubble 

▲i  156  fts  per  oub  ft,  a eub  yard  weighs  1.888  tons:  and  14.46  enb  ft, 
1  ton. 
f  of  sandstone;  abont  W  port  leee  than  the  Ibregolnff. 

**       "  hriokworfc,  preesed  briek,  ttnejointe arerage.. 

•'       •'         "  medium  quality **      .. 

"       "         •*         eoarse;  inferior  soft  brieks ♦* 

▲t  185  lbs  per  onb  ft,  a  eub  yard  weighs  1.607  tons;  and  1T.9S  eub 
ft.  1  ton. 

Meroury,  at  830  Fah 

•*  60O    ••  

••  alio    «• ^ 

Mloa,8.75toS.l.... ^ 

Mortar,  hardened,  1.4  to  1.9. 

Mod,  diy,  dose 

•*    wet, moderately preseed. •...••••....... 


Average 

Arerage 
Wtof  a 

SpOr. 

Cub  Ft. 

Lbs. 

8.69 

168. 

96. 

8.8 

176. 

100. 

8.27 

141.6 

88; 

66. 

64. 

58  to  61 

8. 

187. 

107. 

19.858 

1804. 

19.88 

1206. 

19.6 

1217. 

.98 

61.1 

S.86 

20S. 

.06611 

.4 

26. 

.86 

68. 

7.2 

46A. 

.  7.75 

<76te«i 

1.82 

114. 

.92 

67.4 

.98 

68. 

»s 

S:, 

ILM 

WM 

8.6 

164.4 

8.T 

168. 

96. 

61. 

64. 

76. 

.86 

68. 

.56 

86. 

.79 

49. 

166. 

164. 

188. 



166L 

846. 
886. 

188. 

108.  ^ 
SOtoUtf 
no  to  180 
104  to  126 


•  Oreen  tinbeaw  usaally  weish  ft'om  one-fifth  to  nearly 
Irj ;  and  ordinary  building  ttanhers  when  tomrably  seasoned  abont  oae<slzUi 


one-half  more  than 
uMtYthan  perfeetly  diy. 
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Table  of  speellle  irravities,  aud  welirbte— (GoQtintMd.) 


The  specific  gravity  of  aoj  substance  is  »>  its  weiaflkt 
in  irrams  per  enbie  eentimetre. 


VapbUift 

Nitrogen  Gas  It  aboat  ^  part  lighter  thao  air 

Oak,  11t«,  perfBotly  dry,  .88  to  1.02* STenura.. 

"    white,      "         ••      .66to   .88 "    ... 

"    Ted,  black.  *o* ••      .. 

OUi,  whalej  olive "      .. 

"    of  torpeatine " 

OoUtea,  or  Boestones,  1.9  to  2.5 "      .. 

Ozygea  Gas,  a  litUe  more  than  ^  part  heavier  than  air 

Petroleam 

Feat,  dry,  anpreaaed , 

Pine,  white,  perfectly  dry,  .85  to  .45» 

1000  ft  board  measure  weighs  .9S0  too.* 

"     yellow,  Northern.  .48to.62 

1000  ft  board  measure  weighs  1.276  tons.* 

"         "       Southern,  .64  to  .80 

1000  ft  board  measure  weighs  1.074  tons.* 
Pine,  heart  of  long- leafed  Southern  yellow,  nnaeas.  ... 

1000  ft  board  measure  weighs  2.418  tens. 

Pitch 

Plaster  of  Paris ;  see  Gypsum. 

Powder,  slightly  shaken 

Porphyry,  2.60  to  S.8 

Platinum 21  to  22 

**       native,  in  grains 16tol9 

Quarts,  common,  pure.'. 2.64  toS.67 

**  "        finely  pulveriMd,  loose 

••  *•  "  "        well  shaken 

"  "  "  "        well  packed 

**    quarried,  loose.    One  measure  solid,  makes  full  IH  broken  and 

piled 

Enby  and  Sapphire,  8.8to4.0h.. 


BpOr. 


.92 

.87 


.00116 

.878 


Sand,  pure  quarts,  perfectly  dry,  loose 

«•         "        **  •«  "     slightly  shaken 

*•         •*         ••       rammed,  dry 

Natural  sand  consists  of  grains  of  different  sites,  and  weighs  more,  per 
unit  ot  volume,  than  a  eand  sifted  from  it  and  having  grains  of 
uniform  sise.    Sharp  sand  with  very  large  and  very  small  grains 

may  weigh  as  much  aa 

Sand  is  vei7  retentive  of  moisture,  and,  when  in  large  bulk,  its  natural 
moistarwmay  diminish  Its  weight  from  5  to  10  per  cent. 

"   perfsctly  wet,  voids  full  of  water 

Baadstones,  (It  for  building,  dry,  2.1  to  2.78 181  to  171. 

'*  quarried,  and  piled.  1  measure  solid,  makes  about  1^  piled... 

Serpentines,  good 3.5  to  2.65 

Bnow,  fresh  fallen • 

**     moistened,  and  compacted  by  rain 

Sycamore,  perfectly  dry. 

1000  ft  board  measure  weighs  1.876  tons. 

Shales,  red  or  black 2.4  to  2.8 average.. 

'^       quarried,  in  piles '*     .. 

Slate 2.7  to  2.9 "     .. 

Silver "     .. 

Soapstone,  or  Steatite 2.65  to  2.8 "     .. 

Steel,  7.  T  to  7.9.    The  heaviest  contains  least  carbon "     .. 

Steel  is  not  heavier  than  the  iron  from  which  it  is  made;  unless  the 
iron  had  impurities  which  were  expelled  daring  its  oonversioD  into 
steel. 

Saiphur average.. 

Spruce,  perfectly  dry. "     .. 

1000  ft  board  measure  weighs  .980  ton. 

Spelter,  or  Zinc 6.8  to  7.2. "     .. 

Sapphire;  and  Buby,  8.8  to  4.... **     .. 

Tallow "      .. 

Tar "     .. 

Trap,  compact,  2.8  tn  8.2 **     .. 

"     quarried;  in  piles **      .. 

fopai.  3.45toS.tf **      .. 


Averaf* 

Wtof  a 

Cub  Ft. 

Lbs. 


62.0 

.07M 

69.8 

48. 
82  to  45 

57.8 

54.8 
187. 
.064« 

54.8 
20  to  80 

25. 


1.04 

65. 

1.15 

11.1 

1. 

62.8 

2.78 

ITO. 

21.5 

1841. 

17.5 

2.65 

165. 

90. 

106. 

111. 

M. 

8.9 

LI 

m.9 

60ta70 

90  to  106 

92  to  110 

100  to  120 

118  to  120 

t.41 

151. 

88. 

8.6 

162. 

5  to  11 

16  to  50 

.59 

87. 

8.8 

162. 

92. 

2.6 

178. 

10.5 

655. 

2.78 

170. 

1M 

480. 

S. 

116. . 

.4 

16. 

7.00 

487.6 

8.9 

.94 
1. 

a! 

8. 

187. 

107. 

*<ilreeii  timbers  usually  weigh  from  oue-flfth  to  nearly  one-half  more  thao 

'ry ;  and  ordinary  building  timbers  when  tolerably  seasoned  about  one-sixth  more  than  perfectly  dry. 
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Table  of  specUle  gtmwUiem^  and  weifflita— (Gontinaed.) 


Th*  spedfic  grarity  of  any  sabstaooe  iB^Um  wetirli^ 
in  irrama  per  enbie  eentUnetre. 

Averac* 

SpOr. 

7.86 

Arerage 

Wtof  a 

Cub  Pt 

Lbi. 

Tln,oMt,  7.3  to  7.5 »Ter«ge.. 

4se. 

Torf.  or  Peal,  dry,  onprMtad. 

Water.    8e«pageS*i«.      .                                                 

Wax,  beee aTeraga.. 

'  jn" 

.998 
.61 

7.00 
4.46 

lOtolt 

03.417 

#0.6 

Wines,  .MS  lo  1.04 ,        "      .. 

es.8 

Walnat,  blaok,  perfectlj  dry.                                        **      .. 

88. 

1000  ft  board  meaeure  weigba  1.414  tons. 

Bine,  or  Spelter,  6.8  to  7.S **      .. 

Sirooo,4.dto4.». "      .. 

4n.i 

Space  occupied  by  coal.    la  cubic  feet  per  ton  of  2240  pounds. 
Pennsylvania  Anthracite. 


?"*■     Egg. 


Stove. 


Nut.     Pea. 


Buck- 
wheat. 


Aver- 
age. 


Hard  white  ash* 

Free-burniug  white  ash  *.., 
Shamokin  * , 


Schuylkill  white  ash* 

'^^        red       "  * 

Lykens  Valley* 

"Wyoming  free-bum  ingf.. 


189.4 


139.0 


144.2 


I^ehighf.. 

Lehigh  ;  Reading  C.  &  I.  Co.  *... 

Lehigh  :t  Lump,  40.5;  cupola, 


38.6 
39.6 
39.0 
39.6 
39.3 
39.9 
39.6 
40.0 
418 
44.3 
40.0 
38.8 


39.4 
88.5 
1.3 ;  dust,  39. 


39.2 


42.6 
40.3 
40.5 
45.2 
44.3 
89.8 
88.5 
40.1 


39.8 
39.6 
40.2 
41.2 
40.5 
45.7 
40.9 
41.1 
45.7 
45.0 
39.4 
38.4 
40.3 


40.5 
89.8 
40.8 
41.9 
41.2 
46.5 
41.6 
41.7 
46.2 
46.1 

42.1 
40.3 


41.1 
89.8 
41.5 
42.4 
41.9 
47.7 
42.3 
42.8 
46.7 
46.5 

41.4 
40.5 


89.8 
39.6 
40.2 
40.7 
40.6 
43.6 
40.9 
41.1 
45.7 
45.1 
39.7 
40.0 
39.7 


Bltnmlnoas. 


From  Coxe  Bros.  A  Co.  f 


Pittsburg 48.2 

Erie 46.6 

HockiiiK  Valley 45.4 

Ohio  Cannel.. 45.5 

Indiana  Block 51.1 

Illinois 47.4 


From  Jour.  U.  S.  Ass'n  Charcoal  Iron  Workers. 
Vol.  in.  1882.g 


Pittsburg 47.1 

Cumberland,  max 42.3 

"           mia.....41.2 
Blossburg,  Pa 42.2 


Clover  Hill,  Va..„ 49.0 

Richmond,  Va. 

(Midlothian) 41.0 

Caunelton,  Ind 47.0 

Pictou.N.  S 45i) 

Sydney,  Cape  Bretou  .47.0 


L<^;arithm. 
1  cubic  foot  per  ton  of  2240  pounds  =  _ 

0.89286  cubic  foot  per  ton  of  2000  pounds 1.960  7820 

2240  (exact)  pounds  per  cubic  foot.. 8.850  2480 

1  cubic  foot  per  ton  of  2000  pounds  « 

1.12  (exact)  cubic  reet  per  ton  of  2240poiinds„ 0.049  2180 

2000  (ezaot)  pounds  per  cubic  foot... «....» « .,3.301  0800 

1  pound  per  cubic  lOot  = 

2240  (exact)  cubic  feet  per  ton  of  2240  pounds 3.350  2480 

2000        "  **  "  2000       "      3.301  0800 


•From  Edwin  F.  Smith,  Sup't  A  Eng*r,  Canal  Div.,  Phila.  and  Reading  R.  R. 

fFrom  very  carefUl  weighings  in  the  Chicago  yards  of  Coxe  Bros.  A  Co. 
Note  the  irregular  variation  with  size  of  anthracite  in  Cox«  Bros.'  figures. 

g  Quoted  from  The  Mining  Record.  On  the  authority  of  **  many  years'  experi- 
ence" of  "a  prominent  retail  dealer  in  Philadelphia,"  the  Journal  gives  also 
figures  requiring  from  4  to  13  per  cent,  less  volume  per  ton  than  those  here 
quoted  from  the  Journal  and  from  other  authorities. 
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WEIGHTS  AND  MEASURES. 

United  States  and  British  measures  of  lenytta  and  welirlitv 

%}{ the  same  denomination,  may, /or  all  ordinary  purposes^  be  considered  as  eaual ;  t 
but  the  liqnid  and  dry  measures  of  the  same  denomination  differ  widely 
in  the  two  countries.  Tbe  standard  measure  of  lenytta  of  both  coun- 
tries is  theoretically  that  of  a  pendulum  vibraticig  seconds  at  the  level  of  the 
sea,  in  tbe  latitude  of  Loudon,  in  a  vacuum,  with  Fahrenheit's  thermometer  at 
62^.  The  length  of  such  a  pendulum  is  supposed  to  be  divided  into  89.1898 
equal  parts,  called  inches ;  and  86  of  these  inches  were  adopted  as  the  standard 
yard  of  both  countries.  But  the  Parliamentary  standard  having  been  destroyed 
by  fire,  in  1884,  it  was  found  to  be  impossible  to  restore  it  by  measurement  of  a 
pendulum.  The  present  British  Imperial  yard,  as  determined,  at  a  temperature 
of  62°  Fahrenheit,  by  tbe  standard  preserved  in  the  Houses  of  Parliament,  is 
the  standard  of  the  United  States  Coast  and  Geodetic  Survey,  and  is  recognised 
as  standard  throughout  the  country  and  by  the  Departments  of  the  Govern- 
ment, although  not  so  declared  by  Act  of  Congress.  The  yard  between  the  27th 
and  63d  inches  of  a  scale  made  for  the  U.  S.  Coast  Survey  by  Troughton,  of  Lon- 
don, in  1814,  is  found  to  be  of  this  standard  length  when  at  a  temperature  of 
59^.62  Fahrenheit :  but  at  62®  is  too  long  by  0.00088  inch,  or  about  1  part  in  43373, 
or  1.46  inch  per  mile,  or  0.0277  inch  in  100  feet 

The  Coast  Survey  now  uses,  for  purposes  of  comparison,  two  measures  pre- 
sented by  the  British  Government  In  1855,  as  copies  of  the  Imperial  standud, 
namely : 

"  Bronze  standard.  No.  11 ;"  of  standard  length  at  62^.25  Fahr. 
"  Malleable  iron  standard,  No.  57 ;"  "       '•       "       62o.l0     " 

See  Appendix  No.  12,  Report  of  U.  &  Coast  and  Geodetic  Survey  for  1877. 
The  legral  standard  of  welflrbt  of  the  United  States  is  the  Trow 

pound  of  the  Mint  at  Philadelphia.  This  standard,  containing  5760 
mins,  is  an   exact  copy  of  the  Imperial  Troy  pound   of  Great 

Britain.  The  avoirdupois  or  commercial  pound  of  the  United  States,  con- 
taining 7000  grains,  and  derived  trom  the  standard  Troy  pound  of  the  Mini,  is 
found  to  agree  within  one  thousandth  of  a  grain  with  the  British  avoirdap«'is 
pound.  The  V.Ji.  Coast  survey  therefore  declares  the  weights  of  the  two  ooun- 
tries  identical. 

The  Ton.  In  Revised  Statutes  of  the  United  States,  2d  Edition,  1878,  Title 
XXXIV,  Collection  of  Duties  upon  Imports,  Chapter  Six.  Appraisal,  says : 

"  Sec.  2951.  Wherever  the  word  '  ton  ^  is  used  in  this  cuapter,  in  reference  to 
weight,  it  shall  be  construed  as  meaning  tweuty-hundredweight|  each  hundred- 
weii^ht  being  one  hundred  and  twelve  pounds  avoirdupois." 

This  appears  to  be  the  only  U.  S.  Government  regulation  on  the  subject. 

The  ton  of  2240  R>s  (often  called  a  Kross  ton  or  lonv  ton)  is  commonly 
used  in  buying  and  selling  iron  ore.  pig  iron,  steel  rails  ana  other  manufactured 
iron  and  steel.  Coke  aud  many  other  articles  are  bought  and  sold  l>y  the  net 
ton  or  sbort  ton  of  2000  fbs.  The  bloom  ton  had  2464  lbs,  =  2240  lbs  -I-  2 
hundredweight  of  112  &>s  each  ;  and  the  pig  iron  ton  had  2268  R)S,  =  2240  lbs  -H  a 
"saudage"  of  28  lbs,  or  one  "quarter,"  to  allow  for  sand  adhering  to  the  pigs, 
but  some  furnace  men  allowed  only  14  ft>s.  In  electric  traction  work  the  ton 
means  2000  Ifos. 

As  a  measure,  the  ton,  or  tun,  is  defined  as  252  gallons,  as  40  cubic  feet  of 
round  or  rough  timl>er  or  in  ship  measurement,  or  as  50  feet  of  hewn  timber.  252 
U.  S.  gallons  of  water  weigh  about  2100  &s ;  252  Imperial  gallons  about  2500  lbs ; 
50  cub  ft  yellow  pine  about  2500  lbs. 

The  metric  system  *  was  legrallsed  In  tlie  United  States  Id 

*  The  metric  system,  as  compared  with  the  English,  has  much  the  same  adva*itagea 
aud  disadvantHgfH  that  our  American  decimal  cuinage  has  in  comparison  with  the 
English  mouetary  system  of  pounds,  shillings  and  pence.  It  will  enormously  facili- 
tate all  calculations,  but,  like  all  other  impi-ovements,  it  will  necessarily  cause  some 
inconvenieuct*  while  the  cliange  is  being  made.  The  metric  svstem  has  also  t>*ifl  fur- 
ther aud  very  great  advantage,  that  it  bids  fair  to  become  uuivei-sal  among  c^lisaa 
patious. 
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186<?,  but  has  not  been  made  obligatory.  The  government  has  since  furnished 
very  exact  metric  standards  to  the  several  States.  The  use  of  the  metric  system 
has  been  permitted  in  Great  Britain,  beginning  with  August  6, 1897,  and  in 
Kussia,  beginning  with  1900.  Its  use  is  now  at  least  permissive  in  most  civil- 
iaed  nations. 

Tlie  metric  nnlt  of  length  to  the  metre*  or  meter^  which  was 

Intended  to  be  one  ten-millionth  II  of  the  earth's  quadrant,  i. «.,  of 

that  portion  of  a  meridian  embraced  between  either  pole  and  the  equator.  This 
length  was  measured,  and  a  set  of  metrical  standards  of  weight  and  measure 
were  prepared  in  accordance  with  the  result,  and  deposited  among  the  archives 
«f  France  at  Paris  (MMre  des  Archives.  Kilogramme  des  Archives,  etc.).  it  has 
sinoe  been  discovered  that  errors  occurred  in  the  calculations  for  ascei-taining 
the  length  of  the  quadrant ;  but  the  standards  nevertheless  remain  as  originally 
preparM. 

Tlie  metric  measiires  of  snrface  amcI  of  capacity  are  the  squares 
and  cubes  of  the  meter  and  of  its  (decimal)  firaetioni  and  multiples. 

The  metric  unit  of  weiflrtat  Is  the  ir>*<^™me  or  yram,  which  ii 
the  weight  of  a  milliliter  or  cubic  centimeter  *  of  pure  water  at  its  tempera- 
ture of  maximum  density^  about  4.5^  Centigrade  or  40°  Fahrenheit. 

By  the  concurrent  action  of  the  principal  governments  of  the  world,  an  In- 
ternational Bnrean  of  Welirhts  and  Measures  has  been  esub^ 
Ushed,  with  its  seat  near  Paris.  It  has  prepared  two  ingots  of  pure  platinum- 
iridium,  from  one  of  which  a  number  of  standard  kilograms  (1000  grams)  havr 
been  made,  and  from  the  other  a  number  of  standard  meter  bars,  both  derived 
from  the  standards  of  the  Archives  of  France.  Of  these  copies,  certain  ones 
were  selected  as  international  standards,  and  the  others  were  distributed  to  the 
difR&rent  governments.  Those  sent  to  tne  United  States  are  in  the  keeping  of 
the  U.  S.  Coast  Survey. 

■  The  determination  of  the  eqnlTalent  of  the  meter  In  Enirllsli 
measure  is  a  Yerr  difficult  matter.  The  standard  meter  is  measured  from  end 
to  end  of  a  otaWmim  barand  at  the  freezing  point;  whereas  the  standard  yard  is 
measured  between  two  Hnes  drawn  on  a  silver  scale  inlaid  in  a  bronze  bar.  and  at 
62<^  Fahr^heU.  The  United  States  Coast  Snrweyt  adopts,  as  the 
length  of  the  meter  at  62°  Fahrenheit,  the  value  determined  by  Capt.  A.  R. 
Clarke  and  Col.  Sir  Henry  James,  at  the  office  of  the  British  Ordnance  Survey, 
In  1866,  vis. :  89.870482  inches  (=  3.2808666  +  feet  =  1.0936222  +  yards) ;  but  the 
lawfhl  e^uiwalent,  established  by  Congress,  is  39.37  inches  (=  8.28083  feet 
»  1.093611  yards).  This  value  is  as  accurate  as  any  that  can  be  deduced  from 
existing  data. 

The  irram  wei|rhs,  by  Prof.  W.  H.  Miller's  determinatioUjt  1.').43234874 

Sains.    An  examinauon  made  at  the  International  Bureau  of  Weights  and 
easures  in  1884  makes  it  15.43235639  grains.    The  lesal  iralne  in  the  United 
States  is  15.432  grains. 

•  1  centimeter  »  ^k  meter  =»  0.3037  inch.    1  milliUter  (rWWw  Uter)  or  cubic  centfr 
meter  =»  0.061  +  cubic  inches, 
t  Appendix  No.  22  to  report  of  1876,  page  6. 
%  Philosophical  Transactions,  1866,  pp.  ^  ete. 
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ApproximRte  Tnlvies  of  Forelirn  Coins,  in  IT.  0.  Money* 
The  references  0>  *t  *>  ^t^^  «)  are  to  foot-notes  on  next  page. 

From  Circular  of  U.  S.  Treasury  Department,  Bureau  of  the  Mint,  Jan.  1, 1887; 

firom  ''Question  MonStaire,"  byH.Costes,  Paris,  1884;  and  from  our  10th  edition. 

Argentine  Repub.— Peso  =  100  Centavos,  96.5  cts.< >    Argentino  =»  5  Pesos,  $4.82. 

Austria.— Florin  =  100  Kreutzer,  47.7  cts.,«  35.9  ct8.»  Ducat,  S2.29.  Maria  Theresa 
Thaler,  or  Levantin,  1780,  $1.00.«    Rix  Thaler,  97  eta.*    Souverain,  $8.57.* 

Belgium.!— Franc  =  100  centimes,  17.9  cts.,*  19.3  cts.» 

Bolivia— Boliviano  =  100  Centayos,  96.5  ots.,*  72.7  ct8.«  Once,  $14.95.  Dollar, 
96  cts.* 

Brazil.— Mil  reis  =  1000  Reis,  50.2  cte.  «  54.6  cts.» 

Canada.— English  and  U.  S.  coins.    Also  Pound,  $4.* 

Central  America.^— Doubloon,  $14.50  to  $15.65.  Reals,  ayerage  j^  cts.  See 
Honduras. 

Ceylon.— Rupee,  H«me  as  India. 

Chili.— Peso  =  10  Dineros  or  Decimos  » 100  Centayos,  96.5  cts.,'  91.2  ota.*  Con- 
dor =  2  Double-  ns  =  5  Escudos  =  10  Pesos.    Dollar,  98  tsts.* 

Cuba.— Peso,  93.2  cts.>    Doubloou,  $5.02. 

Denmark.— Crown  =  100  Ore,  25.7  cts.,«  26.8  cts.«    Ducat,  $1.81.*    Skilling,  %  ct.« 

Ecuador.— Sucre,  72.7  cts.'  Doubloon,  $3.86.  Condor,  $9.65.  Dollar,  93  cts.* 
Reale,  9  cts.* 

Egypt.— Pound  =  100  Piastres  -«  4000  Paras,  $4.94,8.» 

Finland.— Markka  =>  100  Penni,  19.1  ct8.>    10  Markkaa,  $1.93. 

France.!— Franc  =100  Centimes,  17.9  cts.,s  19.3  cts.'  Jfapoleon,  $8.84.*  Liyr*, 
18.5  cts.*    Sous,  1  ct.* 

Germany.— Mark  =  100  Pfennigs,  21.4  cts.,«  23.8  cts.*  Augustus  (Saxony),  $3.98.* 
Carolin  (Bavaria),  $4.93.*  Crown  (Baden,  B&varia,  N.  Germany),  $1.06.'^ 
Ducat  (Hamburg,  Hanover),  $2.28.*  Florin  (Prussia,  Hanoyer),  55  cte.* 
Groschen,  2.4  cts.*  Kreutzer  (Prussia),  .7  ct.  Maximilian  (Bayaria),  $3.30i.« 
Rix  Thaler  (Hamburg,  Hanover),  $1.10*  (Baden,  Brunswick),  $1.00*  (Prussia, 
N.  Germany,  Bremen,  Saxouy,  Hanover),  69  cts.* 

Great  Britain.— Pound  Sterling  or  Sovereign  (£)  =  20  Shillings  =  240  Pence, 
$4.86.65.s  Guinea  =  21  Sbillinss  Crown  =  5  Shillings.  ShilUng  («),  22.4 
cts.,>  24.3  cts.  (^  pound  sterling).    Penny  (d),  2  ota. 

Greece.i— Drachma  =  loo  Lepta,  17  cts.,«  19.3  cts.* 

Hay  I  i.— Gourde  of  100  cents,  96.5  ct8.«  « 

Honduras.— Dollar  or  Piastre  of  100  cents,  $1.01.    See  Central  America* 

India.— Rupee  =  16  Annas,  45.9  cts.,^  34.6  cts.>  Mohur=  15  Rupees,  $7.10.  Star 
Pag(Kla  (Madras),  $1.81.* 

Italy,  etc.i— Lira  =  100  Centesimi,  17.9  cts. «  19.3  cts.«  Carlin  (Sardinia),  $8.21.* 
Crown  (Sicily),  96  cts.*  Livre  (Sardinia),  18.5  cts.*  (Tuscany,  Venice),  16 
5t8.*  Ounce  (Sicily),  $2.50.*  Paolo  (Rome),  10  cts.*  Flstola  (Rome).  $3.37.* 
Scudo*  (Hedmont),  $1.36  (Genoa),  $1.28  (Rome),  $1.00  (Naples,  Sicily),  95 
cts.  (Sardinia),  92  cts.    Teston  (Rome).  80  cts.*    Zecchino  (Rome),  $2.27.* 

Japan.— Yen  =  100  Sen  (gold),  99.7  cts.«  (silver),  $1.04«,  78.4  cts.» 

Liberia.-Dollar,  $1.00.8* 

Mexico.— Dollar,  Peso,  or  Piastre  =  100  Centayos  (gold),  98.8  cts.  (silver),  $1.06,« 
79  ct8.«    Once  or  Doubloon  =  16  Pesos,  $15.74. 

Netherlands.— Florin  of  100  cents,  40.5  cts.,*  40.2  ct8.»  Dncatoon,  $1.82.*  Guilder, 
40  cts.*    Rix  Dollar,  $1.05.*    Stiver,  2  eta.* 

New  Granada.— Doubloon,  $15.34.* 

Norway.— Crown  =  100  Ore  =  30  Skillinga,  26.7  ct«.,«  26.8  o4a« 

Paraguay.— Piastre  =  8  Reals,  90  cts. 

Persia.— Thoman  =  5  Sachib-Kerans  =  10  Banabats  =  25  AbaB8iB  =  J0O  Scahla, 
$2  29. 

Peru.^-Sol  =  10  Dineros  =  100  Centavos,  96.6  cta.,«  72.7  cte.«    Dollar,  98  cts.* 

Portugal.— Milreis  =  10  Teetoons  =  1000  Reis,  $1.08.»  Crown  =  10  Milreia. 
Moidore,  $6.50.* 

Russia.— Rouble  =  2  Poltinniks  =  4  Tchetvertaks  =  6  Abassis  =  10  Griviniks  «» 
20  Pietaks  =  100  Kopecks,  77  cta.,2  58.2  ct8.»  Imperial  '^  10  Roubles,  $7.72. 
Ducat  =  3  Roubles,  $2.39. 

Sandwich  Islands.— Dollar,  $1.00.* 

Sicily.— See  Italy. 

Spain.- Peseta  or  Pistareen  =  100  Centimes,  17.9  cts.,*  19.3  cts."  Doubloon  (new) 
=  10  Escudos  =  100  Reals.  $5.02.  Duro  =  2  Escudos,*  $1.00.'  Doubloon  (old), 
$15.65.*.  Pistole  =  2  Crowns,  $3.90.*  Piastre,  $1.04.*  Reale  Plate,  10  eta.* 
Beale  vellon,  5  cts.« 
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(Foreiim  Coins  i^nHitu^   Small  HiriirM  0*  *>  *.  *)  ^»  ^  M  «•<><«<•) 

Sweden.—Orown  =  100  Ow,  25.7  cte.,«  26.8  cte.«  Ducat,  f2.2C.«  Rlx  Dollar,  f  1.06.4 

Switxerland.^— France  100  Centimes,  17.9  eta.*  19.8 ct8.» 

Tripoli.— Mahbub  =  20  Piastres,  65.6  ctB.« 

TuDia.— Piastre  =  16  Earobs,  12  cts.*    10  Piastres,  $1 .  16.6. 

Turkey.— Piastre  =  40  Paras,  4.4  cts."    Zecchln,  $1.40.* 

Unitea  States  of  Colombia.— Peso  =  M)  Dineros  or  Decimos  » loo  CentaToe,  96J5 

cts.,«  72.7  cts.«    Condor  =  10  Pesos,  ^.66.    Dollar,  93  6  cts.* 
Uruguay.— Peso  =  100  Centavos  or  Centpslmos  (gold),  $1.03  (silver),  96.6  cts.« 
Yenesuela.— Bolirar «»  2  Dacimoe,  17.9  cts.,'  19.3  eta."    YeneBolaBO  =  6  Bolirara. 


Siaes  and  Welirbta  of  United  States  Coins.* 

DUoMUr. 

TUakncM. 

Lifal««lchioreolo. 

«old,  10  per  cent  alloy : 

Double  eagle $20 

Eagle 10 

Half  eagle 6 

loflh. 

1.86 
1.06 

f 

.75 
.65 

\Jb 
1J5 
1.2 

.96 

.876 

.7 

.6 

.B 

.726 
.9 
.76 

ia«a. 

.077 
.060 
.046 
.034 
.034 
.018 

.062 
.080 
.067 
.046 
.047 
.032 
.028 
.018 

.062 
.034 
.060 
.048 

OnlM. 

616 

268 

129 
77.4 
61.6 
25J 

420. 
412J5 
192.9 
96.46 
77.16 
88.68 
19.2 
11.62 

77.16 
80. 
96. 
48. 

83.436 
16.718 
8.359 

Three  cfoUars 8 

Quarter  eagle 2.60 

DoUar. 1.00 

Silrer,  10  per  cent  alloy : 

Tradedollar lOOcts. 

Standard  dollar 100  " 

Half  dollar 60  " 

Quarter  dollar 26  '^ 

Twenty  centa 20  *• 

Dime 10  " 

6.015 
4.179 
1.672 

28.72# 
12J 

6.26 

6. 

2.6 

Half  dime 6  •* 

1.244 

Three  cents 5  " 

.746 

Minor. 

6  cents,  76%  copper,  255  niclcel    .  . 

2     "       95*      "        5%tinand«inc. 

}          U                 <t                K                   t(                     tt 

6.0 
1.944 
6.22 
8.11 

Perfeetly  pure  ffold  is  worth  $1  per  23.22  grt  =  $20.67183  per  troy  oz  = 
$18.84151  per  avoir  oz.  IStandard  (U.  S.  coin)  is  worth  $18.60465  per  troy  oz  ^ 
$16.95736  per  avoir  oz.    It  consists  of  9  parts  by  weight  of  pure  gold,  to  1  part 


alloy.    Ita  value  la  that  of  the  pure  gold  onlv ;  the  coat  of  tne  alloy  and  of  the 
. ^.._^ .-_^  .     .  — ^|^-__^_^ *^  — .,._ 

,       irth  $362968. 

avoir  oz ;  and  is  worth  $210.04. 


coinage  being  borne  by  Oovemment  A  euMc  foot  of  pare  STOld  weighs 

about  1204  avoir  fts ;  imd  ia  worth  $362968.    A  oubie  ineh  wdghs  about  11.148 


Pure  gold  is  called  fine,  or  24  carat  gold ;  and  when  alloyed,  the  allov  is  sup- 
posed to  be  divided  into  24  parts  by  weight,  and  according  as  10, 15,  or  20,  dbc,  of 
these  parts  are  pure  gold,  the  alloy  is  said  to  be  10, 15,  or  20,  Ac,  carat 

Tlie  aweraur®  flneness  of  California  natiwe  cold,  by  some  thou- 
sands of  assays  at  the  U.  S.  Mint  in  Philada.,  is  88.5  parts  gold,  11.5  silver.  Some 
from  Georgia,  99  per  ceut.  gold. 

Pare  silwer  fluctuates  in  value :  thus,  during  1878-1879  it  ranged  between 
$1.05  and  $1.18  per  troy  oz.,  or  $.957  and  $1,076  per  avoir,  oz.  A  cubic  Inch  weighs 
about  5.528  troy,  or  6.066  avoir,  ounces. 

1  France,  Belgium,  Italy,  Switzerland,  and  Greece  form  the  Latin  Union. 
Their  coins  are  alike  in  diameter,  weight,  and  fineness. 

<  s  19.3  times  the  value  of  a  single  coin  in  francs  as  given  by  Costes. 

s  Par  of  exchange, or  equivalent  value  in  terms  of  U.S.  gold  dollar.— Treasury 
Circular. 

*  Prom  our  10th  edition. 

•  Thirteenth  Annual  Beport  of  tba  Director  of  the  Mint  1885 ;  pp.  106  and  148. 
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Troy  Wetirlit.    U.  H,  sikI  Brftlfili. 

24  grains 1  pennyweight,  dwt. 

20  pennyweights 1  ounce  =r-  480  grains. 

12  ounces  1  pound  =  240  dwts.  =  5760  grains. 

Troy  weifflit  is  nsed  for  i^old  and  silTer. 

A  carat  of  the  jewellers,  for  precious  stones  is,  in  the  U.  S.  =  3.2  grs.;  Ib 
London,  3.17  grs. ;  in  Paris,  3.18  grains.,  divided  into  4  jewellers'  grs.  In  troy, 
apothecaries'  and  avoirdupois,  tlie  gr>^Ain  is  the  same. 

Apotlieearies'  Weigrlit.    U.  8.  and  British. 

20  grains » 1  scruple. 

3  scruples 1  dram  =  60  grains. 

8  drams 1  ounce  =  24  scruples  =  480  grains. 

12  ounces 1  pound  :=  96  drams  —  288  scruples  =  5760  grains. 

In  troy  and  apothecaries'  weights,  the  grain,  ounce  and  pound  are  the  same. 

Avoirdupois  or  Commercial  Weiytat.    U.  S.  and  BrUisk. 

27.34375  grains « - 1  dram. 

16  drams.... 1  ounce  =  437U  grains. 

16  ounces. 1  pound  =  266  drams  «  7000  grains. 

28  pounds 1  quarter  =  448  ounces. 

4  quarters 1  hundredweight  =  112  lbs. 

20  hundredweights 1  ton  =»  80  quarters  «»  2240  lbs. 

A  stone  i»  14  pounds.    A  qntntal » 100  pounds  avoir. 

The  standard  of  the  avoirdupois  pound,  which  is  the  one  In 
eommon  commercial  use,  Is  the  weight  of  27.7015  cub  ins  of  pure  distilled  water, 
at  its  maximum  density  at  about  89°.2  Fahr,  In  latitude  of  London,  at  the  level 
of  the  sea ;  barometer  at  30  ins.  But  this  involves  an  error  of  about  1  part  in 
1362,  for  the  lfi>  of  water  »  27.68122  cub  ins. 

A  troy  lb  » .82286  avoir  lb.    An  avoir  fi>  »  1.21528  troy  R>,  or  apoth. 

A  troy  OS.  =  1.09714  avoir,  oz.    An  avoir,  oz.  =  .911468  troy  oz.,  or  apoth. 

liOniT  Measure.    U.  8.  and  British. 

12  inches 1  foot  =  .3047978  metre. 

3  feet 1  yard  =  36  ins  =  .9143919  metre. 

53^  yards 1  rod,  pole,  or  perch  =  16U  feet  =  198  ins. 

40  rods 1  furlong  =  220  yards  ■=  660  feet.  ^     ^^^. 

8  furlongs 1  statute,  or  land  mile  =  320  rods  =  1760  yds  «'5280  ft  <«  68860  Ibs. 

8  miles 1  league  =  24  furlongs  =  960  rods  =  5280  yds  =»  15840  ft. 

A  point  =  ^  Inch.  A  line  =  6  points  =  A  inch.  A  palm  =  3  Ins.  A 
hand  =  4  ins.    A  span  =  9  ins.  A  fathom  =  6  feet.  A  cable's  lenipth 

«=  120  fathoms  =  720  feet.    A  Onnter's  surveyiniT  chain  is  66  feet,  or  4 
rods  lung.    It  has  100  links,  7.92  inches  long.    80  Gunter's  chains  =  1  mile. 
A  nautical  mile,  greogrraphical  mile,  sea  mile,  or  knot.  U 

variously  defined  as  being  =  tne  length  of 

1  min  of  longitude  at  the  equator    = 
1        "    latitude        "  "  = 

1       ««         "  "       pole         = 

1        "  "        atlat450  = 

1  "a  great  circle  of  a  true")  T  value  adopted  by  U.  S.  C^ast 
mhere  whose  surface  area  is  V  — =-<  and  Oeodetic  Survey 
equal  to  that  of  the  earthj         (1853.248       6080.27  1.15157 

British  Admiralty  hnot         —    1863.169      6080.00         1.15152 
The  above  lengths  of  minutes,  in  metres  and  feet,  are  those  published  by  the  U.  S. 
foast  and  Geodetic  Survey  in  Appendix  No  12,  Report  for  1881,  and  are  calculated 
ftom  aarke's  spheroid,  which  is  now  the  standard  of  that  Survey. 
At  the  eauator  l^of  lat  ==  68.70  land  miles ;  at  lat  20°  =  68.78 ;  at  40°  = 

M.00;  »t60o  =  «.28;  «t 800  =  69.3©;  atWo  =  68.4I. 


metres 

feet 

statute  miles 

1855.345 

6087.15 

1.15287 

1842.787 

6045.95 

1.14507 

1861.655 

6107.85 

1.15679 

1852.181 

6i»76.76 

1.15090 
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liCiiKtbs  of  a  Deg:ree  <»f  Ijongritnde  In  «llflrereiif  Ijatita«lefia 
knd  at  fbe  level  of  tlie  Sea.   Thew  length*  are 


and 

•f  5380  ft.    Siaoe  the  figure  of  the  earth  ha>  nerer  been  preeU^jf  aaoertained,  these  are  but  eloae  ai 
proximatioDs.    Intermediate  one*  mar  be  found  oorreetlj  by  aimple  proportton.    "*    '  ' 
••rreepondi  to  4  mine  of  eivil  or  clock  tune;  I  min  of  loocittide  to  4  aeee  of  tine. 


length*  are  in  common  land  or  statute  mile*, 
ire  but  close  an 
10  of  longitude 


"^ft"'     Mile..     ^l^J\    Mile.. 


Degof 


Milee. 


%"'    Mile.. 


Dec  of 


Mile.. 


^Su      Mlto*. 


68.18 
68.12 
6^.99 
68.78 
68.49 
68.12 
67.66 


67.12 
66.50 
63.80 
65.02 
6kl5 
63.21 
62.20 


61.11 
5».94 
58.70 
57.39 
56.01 
64.56 
63.05 


51.47 
49.8S 
48.12 
46.36 
44.M 
42.67 
40.74 


38.76 
S6.74 
34.67 
32.55 
80  40 
88.21 
25.98 


23.72 
21.43 
19.12 
16.78 
14.42 
12.06 
9.66 


Inc 

be«i  re 

dUC4 

Ins. 

^  to  ] 

Foot. 

Deci 

Dials  i 

Of  a 

Foot. 

No  errors. 

lua. 

Foot. 

ItlH. 

1  Fool, 

Jos. 

Foot. 

las. 

Foot. 

ins. 

Jo 

Foot. 

0 

.0000 

2 

.I6fi7 

4 

..3333 

« 

.5000 

» 

.6667 

.8333 

1-82 

.0026 

.16W 

.3.i59 

.5026 

.6693 

.8359 

1-16 

.0052 

.1719 

..H3'»5 

.5052 

.6719 

.8386 

8-32 

.0078 

.ITia 

.3411 

.6078 

.6745 

.8411 

.h 

.0104 

H 

.1771 

% 

..1438 

H 

J>104 

h 

.6771 

H 

.8438 

6-32 

.0130 

.1797 

.3164 

.5130 

.6797 

.8464 

3-16 

.0156 

.Hi3 

.3490 

.5156 

.6823 

.8490 

7-32 

.0182 

.1849 

..3516 

.61i<2 

.6849 

.8516 

„Ji 

.0208 

H 

.1871 

M 

.3542 

H 

.6208 

H 

.6875 

a 

.8642 

9-32 

.0234 

.1901 

.35Sb 

.5234 

.6901 

.8568 

5-16 

.0260 

.1927 

..3594 

.6260 

.6927 

.8594 

11-32 

.0286 

.193T 

..3620 

.5286 

.6953 

.8620 

H 

.0313 

H 

.197^ 

H 

.3646 

H 

.6318 

H 

.6979 

% 

.8646 

13.32 

.0339 

.2IW5 

.3672 

.6339 

.7005 

.8672 

7-16 

.0365 

.2031 

..3698 

.5365 

.7031 

.6698 

15-32 

.0891 

.2057 

.3724 

.5391 

.7057 

.8724 

H 

.0*17 

H 

.2083 

^ 

.3750 

H 

.5417 

H 

.7083 

)t 

.8750 

17-32 

.0W3 

.2109 

.3776 

.5443 

.7109 

.8776 

9-16 

.0169 

.2135 

.3802 

.5469 

.7135 

.8802 

19-32 

.0405 

.2161 

.3828 

.5495 

.7161 

.8828 

H 

.0521 

H 

.2188 

% 

.3854 

H 

.6521 

H 

.7188 

h 

.8664 

21-32 

.05*7 

.2214 

.3880 

.5547 

.7214 

.8880 

11-16 

.0573 

.2240 

.3306 

.6573 

.7240 

.8906 

28-32 

.0599 

.2266 

.3932 

.6599 

.7266 

.8932 

H 

.0626 

H 

.2292 

H 

.3958 

H 

.5625 

h 

.7292 

H 

.8958 

25-32 

.0651 

.2;iiH 

.3984 

.6651 

.7318 

.8984 

18-16 

.0677 

.nn 

.4010 

.5677 

.7344 

.9010 

27-32 

.0703 

.2370 

.4036 

.6703 

.7370 

.9086 

H 

.0729 

% 

.2396 

H 

.4063 

M 

.6729 

H 

.7396 

K 

.9068 

29  32 

.0755 

.2422 

.4089 

.6755 

.7422 

.9089 

16-16 

.0781 

.2448 

.4115 

.6781 

.7448 

.9116 

31-32 

.0807 

.2471 

.4141 

.6807 

.7474 

.9141 

1 

.oim 

3 

.2.W0 

5 

.4167 

7 

.6883 

t 

.7500 

11 

.9167 

1-32 

.0859 

.232fi 

.4193 

.6859 

.7626 

.9193 

1-16 

.0885 

.'2552 

.4219 

.5886 

.7852 

.9319 

8-32 

.0911 

.2578 

.4245 

.6911 

.7578 

.9945 

H 

.0938 

\ 

.2604 

H 

.4271 

H 

.6938 

H 

.7604 

H 

■.9271 

5..12 

.096  ^ 

.2630 

.4297 

.6964 

.7630 

.9297 

8-16 

.0990 

.2656 

.4323 

.6900 

.7666 

.9823 

7-32 

.1016 

.23M2 

.4^149 

.6016 

.7682 

.9849 

H 

.1012 

M 

.2708 

H 

.4375  ^ 

3^ 

.6042 

H 

.7708 

H 

.9375 

9-.S2 

.108K 

.2734 

.4401 

.6068 

.7734 

.9401 

5-16 

.1094 

.2760 

.4427 

.6094 

.7760 

.9427. 

11-.S2 

.1120 

.27«« 

.4453 

.6120 

.7786 

.9453 

H 

.1146 

% 

.2813 

H 

.4^79 

H 

.6146 

H 

.7813 

% 

.9479 

13-.H2 

.1172 

.283V> 

.4505 

.6172 

.7889 

.9505 

7-16 

.1198 

.2865 

.4531 

.6198 

.7865 

.9681 

15-32 

.1224 

.2831 

.4557 

.6224 

.7891 

.9667 

H 

.1250 

H 

.2917 

H 

.4583 

H 

.62.'>0 

H 

.7917 

H 

.9583 

17.^2 

.1276 

.291.H 

.4609 

.6276 

.7943 

.9609 

9-16 

.1302 

.21MI9 

.46.35 

.6302 

.7969 

.9635 

l«J-:vj 

.1328 

.29«5 

.4661 

.&128 

.7995 

.9661 

H 

.1354 

% 

.3021 

H 

.44188 

H 

.6864 

H 

.8021 

K 

.9688 

21.'A:i 

.1.380 

.3047 

.4714 

.6.380 

.8047 

.9714 

11-16 

.1406 

.307:1 

.4740 

.8073 

.9740 

23-M2 

.14.32 

.3))9!» 

.47H(> 

!64.32 

.8090 

.9766 

H 

.1458 

H 

M'lh 

H 

.4792 

H 

.64.'>8 

H 

.8125 

H 

.9792 

2h.^i 

.14SI 

.3151 

.4818 

.6484 

.8151 

.9818 

13.16 

.1510 

.3177 

.4844 

.6510 

.8177 

.9844 

27-32 

.1&H6 

.3203 

.4870 

.65.36 

.8203 

.9870 

}i 

.1563 

% 

.3229 

H 

.4896 

H 

.6563 

H 

.8229 

h 

.9896 

W-.S2 

.1589 

.3255 

.4922 

.6.589 

.8256 

.9922 

15-16 

.1615 

.S2S1 

.4948 

.6815 

.8281 

.9948 

81-32 

.164  1 

..■J307 

.4974 

.ravii 

.8307 

.9974 
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Square,  or  I<and  Measure. 

V.S.MdBritU]i. 

144  sqvar*  inches 1  aq  foot.    100  aq  ft  =  1  oqaMPe. 

Otqfeet 1  aq  yard  =  1296  aq  ina. 

SO^  sq  y^rda 1  aq  rod  =  273^  aq^  feet. 

40  sq  rods 1  rood  =  1210  aq  yds  ;=  10890  aq  feet. 

4  roods ^ 1  aere=:ieOroda= 4840  Bq7da  =  4S560Bq  feet. 

A  aeettoB  of  land  is  l  mile  aq,  or  27878400  aq  ft;  or  8097000  aq  yda;  or  640  acres.  Am  mitf 
eoDiAins  10  sq  Gunter's  ebaios.  A  •«  aere  is  208.710  feet;  a  aq  half  aore,  147.681  ft;  and  a  sq 
quarter  aore,  104.355  ft  on  each  side.  A  elrenUur  aere  is  285JM)4  feet:  a  circular  tialf  aore  = 
lti4>.527  ft;  and  a  circalar  quarter  aore  =  117.752  ft  diam.  A  elrenlar  liiek  is  a  oirele  of  1  inch 
dlam ;  a  sq  ft  =  183.346  oir  ins.  Alao  1  •«  lliek  =  1.27324  oir  ina ;  and  1  oir  inch  =  .7854  of  a  aq 
iuch. 

Cable,  or  Solid  Measure. 

17.  S.  Md  Britlfth. 

1728oabio  inobaa 1  cubic,  or  solid  foot. 

27  cubic  feet I  cublo,  or  solid  yard. 

A  eord  of  wood  =  128  cub  ft ;  being  4  ft  X  4  ft  X  S  ft.  A  perck  of  mtumnrj  aotaally  oon- 
talDS  24^  cub  ft;  being  16H  ft  X  13^  ft  X  1  ft.  It  is  geuerally  talceu  at  25  cub  ft;  but  by  some  at  22, 
Ac;  and  there  is  every  probability  that  a  pajer  will  be  cheated  unlesti  the  number  of  cubic  ft  be  dis- 
tinctly agreed  upon  in  his  contract,  it  is  gradually  falliog  into  disuNe  among  engineers ;  and  the  cub 
yd  is  very  properly  taking  its  placs.  To  reduce  cub  yda  to  f aerobes  of  25  onb  ft,  mult  by  1.080; 
and  to  reduce  perches  to  cob  yds,  mult  by  .m^i.  The  Brit  rad  »r  brickwork,  of  house-builders,  is 
16H  feel  square,  by  14  inches  {l}4  English  bricki^)  thick  :=  'i72>i  sq  ft  of  14  inob  wall.  It  is  conven- 
tionall?  taken  at  272  sq  ft;  which  gives  317^  cub  ft.  In  Brit  engineering  works  the  rod  is  S06  cub 
ft,  or  11^  cub  yds.  The  Moutreal,  { Canada,)  tolse  =  ^61 H  cub  ft;  or  9Ut852  cob  yds.  or  10.46 
perches  of  25  cub  ft.  The  G»iiadian  chaldron  =  6S.64  cub  ft.  A  tOB  (2240  lbs)  of  Pennsylvania 
anthracite,  when  broken  for  domestic  use,  occupies  from  41  to  43  cub  ft  of  apace;  the  mean  of  which 
is  equal  to  1.556  cub  yds:  or  a  cube  of  3.4Tti  ft  on  each  edge.  Bituminous  coal  44  to  48  cob  ft;  mean 
equal  to  1.704  cub  yd ;  or  a  cube  of  3.583  ft  on  each  edge.     Coke  80  cub  ft. 

A  eublc  foot  Is  equal  to 


1728  cub  ins,  or  S800.23  spherical  ina. 

.OS70S7  cob  yard,  or  1.90966  apherioal  ft. 

.002832  myriolitre.  or  decastere. 

.028816  kilolitre,  or  out>io  metre,  or  atere. 

.288161  hectolitre,  or  deciatere. 

2.83161  deoalitrea,  or  centiaterea. 

28.3161  litres,  or  cub  decimetres. 

288.101  decilitres. 

2831.61  oentilitres. 

2S316.1  milUlitres.  or  cub  eentimetrea. 

.803564  U.S.  Hiruck  bushel  of  2150.42  cob  ins,  or 

1.24445  cub  ft. 
.779013  Brit  bushel  of  2218.191  cub  ini,  or  1.2f 

cub  ft. 
5.21426  U.  S.  peoka. 

A  eublc  Ineli  Is  equal  to 

1^^16068  milUlitres;  or  1.6S8663  centiUtres;  or  .1638663  decilitre;  or  .01688668  Utre ;  or  to  .OOOftTM 
Mb  ft;  or  to  .138628  U.  8.  gill;  or  1.90966  spherical  ins. 

A  cuble  yard  Is  equal  to 


S.I  1605  BHt  pecks. 

7.4B0i>'J  V<.  S.  liquid  galls  of  281  cob  ina. 

6.428f)l  U.  S.  dry  galU. 

e.i:yno  Brit  galls  of  277.274  cob  ina. 

29.92208  U.  8.  liquid  quarts. 

25.71405  U.  S.  drv  quarts. 

24.92M'2  Brit  qufaVtM. 

69.84416  U.S.  liquid  pints. 

61.4i'K»9  U.  b.  dry  pints. 

49,85(>84  Brit  pints. 

2S9,;i7fi6'2  U.  S.  gills. 

im.rrai  Brit  giiis. 

.26fi«T  Hour  barrel  of  3  struck  boshell. 
.2574^  L  .  b.  liquid  barrel  of  31^  galls. 


ST  eob  feet,  or  to  201.974  U.  8.  galla. 

46666  cob  ins. 

.0764534  myriolitre. 

.764534  kilolitre,  or  cub  metre. 

•645:14   heotolltro^. 

<.S  floor  barrels  of  3  struck  bushels. 


76.4684  deoalitrea. 

764.534  litres,  or  cob  decim^tres. 

7645.84  deciliU^. 

21  6.96*23  V.  8.  bushels  (strock). 

21.033:16  Brit  bushels. 


A  sphere  1  foot  in  Alameter,  contains 

.01939  cob  yard.  SI  .8844  U.  8.  liquid  pinta. 

.5236  cob  foot.  126.8.176  U.  8.  liquid  gilla. 

904.781  cub  inehea.  8.2631  Brit  imp  gallons. 

.42075  U.  8.  bushel.  13.0625  Brit  imp  quaru. 

1.6830  U.  8.  pecks.  26.1050  Rrit  imp  pinU. 

18.4639  U.  8.  dry  quarts.  104.4201  Brit  Imp  gUla. 

96.9278  U.  8.  dry  pinU.  14.826:^  litres. 

S.9168  U.  8.  liquid  gallons.  1.4826.S  decalitres. 

U.6672  U.  8.  liquid  quarts.  .148263  hectolitres. 

A  spbere  1  Inch  In  diameter,  contains 

.000303  cub  foot.  .06043  BHt  gill. 

.5236  cob  inch.  8.580  millilltre. 

.07263  U.  8.  giU.  .8680  centilitre. 

.06680  deoiUini 
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A  ejllnder  1  foei  in  diameter, 

.02909  oub  yard. 
.7854  cub  foot. 
1357. 1712  oabinobM. 

.63111 U.  8.  dry  boslMJ*. 
2.5245  U.  S.  dry  peoka. 
20.1958  U.  S.  dry  qparU. 
40.8918  U.  S.  dry  ploto. 
5.8752  U.  8.  liquid  gftUons. 
28.5008  U.  8.  Uqoid  quart*. 

A  ejllnder  1  inch  in  diameter, 

.005454  oub  foot. 
9.4248  cub  Inebea. 
.    .2805  U.  8.  dry  pint. 
.8264  liquid  pint. 
1.8056  U.  8.  gill. 


and  1  foot  hlyta,  conMiins 

47.0016  U.  8.  liquid  pinu. 
188.0064  U.  S.  Mquid  cilia. 
4.8947  Brit  imp  galloni. 
10.5788  Brit  inip  quart*. 
89.1575  Brit  imp  pints. 
156.6302  Bi  it  imp  gills. 
222.896  daeilitTM. 
22.2395  litres. 
2.22895  decalitrM. 
.222395  bectolitre. 

and  1  f)»ot  blgrli,  contains 

.2719  Brit  imp  pint. 
1.0677  Brit  imp  gUl. 
15.4441  oentilltrefl. 
1.64441  deeilitrM. 

.164441  litres. 


Uqaid  Measvre.   V.ibMdy. 

Tke  Va«Ia  of  this  measure  in  tbe  U.  8.  is  the  old  Brit  wine  gallon  of  281  oub  ins;  or  8^88888  Iks 
avuir  of  pure  water,  at  lu  max  density  of  about  89°.2  Fahr ;  tbe  barom  at  80  ins.  A  oylinder  7  ins 
diam.  and  6  ius  high,  oontains  230.904  eab  Ins,  or  almost  precisely  a  gallon ;  as  does  also  a  cube  of 
6.1858  ins  on  »d  edge.  Also  a  gallon  =  .13808  of  a  onh  ft ;  and  a  cab  ft  oonUins  7.48052  galls ;  nearly 
7H  galls.  This  basis  kowerer  IbtoItcs  mk  crvor  of  aboot  1  pan  in  1962,  ft>r  the  water  actu- 
ally weighs  8.34dOUH  0)8. 

oub  ins. 

4  gills Ipint     =28.875.  68  galleaB.. 

2  pinu 1  quart  =  57.750  =r  8  gills.  2  hogshe   * 

4  quarts 1  gallon  =  231.= 8  pinu:=  82  gills.      2  pipes.. 


,  1  pipe,  or  butt. 
.  1  tun. 


In  the  U.  8.  and  Great  Brit.  1  barrel  «f  wive  or  brandy  =  81H  g*!!' :  in  Pennsylvania,  a  half 
Mrrel,  16  galls;  a  double  barrel,  64  galls;  m  paaeheOB«  84  galls:  m  tiereet  ^  galls.  A  liquid 
measure  barrel  of  31 H  g*lls  contains  4.211  oub  ft  =  a  cube  of  1.615  ft  on  an  edge ;  or  S.wk  U.  S.  struck 


bushels.    A  gill  =  7.21875  oub  ins.    The  fbllowtns  CjIIaders  contain  some  «;  tbeee  measures 
Tery  approximately. 

Diam.  Height.  Diam.  Height. 


cub  ins.  Ins. 

Gin  ,7.21 875) 1« 

«P»nt 2^ 

Pint 3H 

Quart 8^ 


3% 

3 

6 


Ins. 

Gallon 7    .. 

2  gallons 7    .. 

8  gallons 14    .. 

-      ■■  14    ., 


6 
12 
12 
16 


Apothecaries' 

or  Wine  Measnre 

• 

Measure. 

Symbol. 

Pints. 

Fluid 
onncef. 

Fluid 
drachms. 

Minims. 

Onkle 
inches. 

Weight  of  water4 

Pounds,  ar. 

Grain*. 

1  Gallon 

IPint 

1  Fluid  ounce... 
1  Fluid  drachm.. 
IMiuim 

8 

1 

128 
16 

1 

1024 
128 

8 
1 

61440 
7680 

480 
60 

1 

231 

28.875 

1.8047 
0.2256 
0.0088 

8.845 

1.043 

Ounces,  ar. 

1.048 

68415 
7801.9 

466.4 

67.06 
6.96 

To  reduce  U.  S.  liquid  measures  to  Brit  on^  of  the  same  denomina- 
tion, divide  by  1.20032 ;  or  near  enough  for  oomii|on  use,  by  1.2 ;  or  to  reduce  Brit  to  U.  8.  multiply 
by  1.2. 

Dry  Measure. 

V.  S.  oalj. 
Tlie  liasiS  of  this  is  the  old  British  Winchester  struck  bushel  of  2160.42  cob 

ins;  or  77.627418  pounds  avoir  of  pure  water  at  its  max  density.  Its  dimensions  by  law  are  18^  ins 
Inner  diam ;  19H  las  eater  diam ;  and  8  ins  deep ;  and  when  heaped,  the  cone  is  not  te  be  less  than  6 
ins  high ;  which  makes  a  heaped  bushel  equal  to  IH  struck  one* ;  or  to  1.55556  oub  ft. 

£dge  of  a  cub*  of 
equal  capacity. 

2pints     1  quart,  =67.2006  enb  In*  =  1.16366  liquid  qt.......... *•???"»• 

4  quarts  1  gallon,  =  8  pinu,  =968.8025  cub  ins,  =  1.16366  liq  gal 6.4o4   " 

2  gallons  I  peck,    =  16  pints,  =  8  quarts,  =  537.6050  oub  ins 8.131   ** 

4  pecks    1  striMk  bushel,  =  64  ptnU,  =  32  quarts,  =  8  gals,  =  2160.4206  cub  ins.  12.906  " 

•  Abbreviation  of  Latin,  Congius. 
t  Abbreviation  of  Latin,  Oetarius. 

}  At  its  maximum  density,  62.425  pounds  per  cubic  foot,  corresponding  to  a  temperature  of  4^ 
Ceutigrade  =  39.2°  Fahrenheit. 
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A  struck  bastael  =  1.24445  cub  ft.    A  cub  ft  »  ,80356  of  a  struck  bushel. 
The  dry  flour  barrel  =  3.75  cub  ft ;  =  8  struck  bushel^.    The  dry  barrel  is 

not,  however,  a  legalized  measure ;  and  no  great  attention  is  given  to  its  capacity ;  consequently, 
barrels  varv  considerably.  A  barrel  of  flour  contains  by  law,  196  lbs.  In  ordering  by  the  barrel,  the 
amount  of  its  contents  should  be  specified  in  pounds  or  galls. 

To  reduce  U.  S.  dry  measures  to  Brit  imp  ones  of  the  same  name,  dir 

by  1.031516;  and  to  reduce  Brit  ones  to  U.  S.  mult  by  1.031516;  or  for  common  purposes  use  1.0S2. 

Britisli  Imperial  Measure,  botb  liquid  and  dry. 

This  system  is  established  throughout  Qreat  Britain,  to  the  ezolasion  of  the  old  ones.    lu  basis  la 
the  imperial  gallon  of  277.274  cub  ins,  or  10  lbs  avoir  of  pnr«  water  at  the  temp  of  62°  Fahr,  when 

the  barom  is  at  30  ins.    Tbis  basis  involves  an  error  or  about  1  part  in 

1836,  for  10  lbs  of  the  water  sonly  277.128  oub  int. 


Avoir  lbs. 
of  water. 

Cab.  Ins. 

Oub.  ft. 

Edge  of  a  cube  of 
eqnal  capacity. 
.    Inches. 

igills      Ipint 

1.25 
2.50 
6. 
10. 

ol-    1    ^^ 
820.     I  meas. 

640.     j 

34.6592 
69.3186 
138.637 
277.274 
564.548 
2218.192 
8872.768 
17746.686 

8.2605 

4.1079 

2  quarts  1  pottle 

2  pottles  1  gallon 

6.1756 
6.5208 

2  gallons  1  peck 

4peok8    1  bushel 

8.2157 

1.28S7 
5.1347 
10.2694 

18.0417 

4  DQshelsl  coomb 

S  coombs  1  quarter 

Tbelmpgall=.16046cubn;  and  1  oabfts6.2S2l6ffaUs. 


Measure. 

Symbol. 

Pints. 

Fluid 
ounces. 

Fluid 
dracbms. 

Minims. 

Cable 
inches. 

height  of  water4 

Pounds,  av. 

Grains. 

1  Gallon 

1  Pint 

,C» 

or 

fl.os. 
fl.dr. 
min. 

.    8 

1 

160 
20 

1 

1280 
160 

8 

1 

76800 
9600 

480 
60 

1 

277.274 
86.659 

1.733 
0.217 
0.0036 

10 
1.25 
Oances,  ar. 

70000 
8750 

1  Fluid  ounce  ... 
1  Fluid  drachm.. 
1  Minim. 

487.6       . 
64.6875 
0.9114 

The  weight  of  water  affords  an  easy  way  to  find  the  cubic  contents  of  a  v 


To  obtain  the  sise  of  commercial  measures  by  means  of  tlie 
weiybt  of  water. 

At  the  common  temperature  of  ft-om  70°  to  75°  Fab,  a  cub  foot  of  trewh  water  weighs  verj  approzl« 
mately  62i^  0>s  avoir.  A  cubic  half  foot,  (6  ins  on  each  edge,)  7.78125  lbs.  A  cub  quarter  foot,  (3  ins 
on  each  edge,)  .97266  St.  A  cub  yard,  1680.75  0>s ;  or  .75034  ton.  A  cub  half  yd,  (18  ins  on  each  edge,) 
210.094  fits;  or  .0938  ton.  A  cub  inch,  .036024  0> ;  or  .576384 ounce;  or9.2222dr8ro!i;  or 252.170 graios. 
An  inch  square,  and  one  foot  long,  .432292  lb.  Also  1  lb  =  27.76908  cab  ini,  or  a  cube  of  8.028  Ins  on  an 
edge.    An  oanoa,  1.735  oub  ins ;  a  ton,  86.984  cub  ft,  til  near  enoogb  for  ooaunon  use. 

Original. 


liiauid  Measures.  Lbs  Avoir. 

of  Water. 

V.  S.  Gill... 26005* 

U.  S.  Pint , 1.0402 

U.  S.  Quart 2.0804 

U.  S.  Gallon  8  lbs  5l  OS 8.8116 

XJ.  S.  Wme  Barrel,  31  ^  Gall 262.1310 

Bry  Measures. 

0.  S.  Pint 1.2104 

V.8.  Quart 2.4208 

V.  3.  Gallon 9.6834 

U.  3.  Peck 19.3668 

U.  a.  Bushel,  struck 77.4670 

•  Or  4  ounces;  2  drams;  15.6625  grs. 


Uouid  and  Dry.  LbsAyoir. 

^        of  Water. 

British  Imp  Gill 31214* 

"     Pint 1.24858 

'♦        "     Quart 2.49715 

"        •'     Gallon 9.9886 

'*        "     Peck 19.97.72 

'•        "     Bushel 79.9088 

*  4.9942 ;  or  very  nearly  6  ounces. 

Metric  Measures. 

Oentnitre 021981 

Decilitre 2198J 

Litre.... 2.1981 

Decalitre,  or  Gentistore 21.9808 

Metre,  or  Stere 2198.078S 

t  Or  5.6271  drams;  or  153.866  grs. 
}  3.5169  ounces. 


*  Abbreviation  of  Latin,  Gongius. 
t  Abbreviation  of  Latin,  Octarius. 
t  At  the  suudard  temperature,  62°  Fahrenheit  a 


about  I6.70  Centigrade. 
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lletrle  Measiires  of  I<ep|pita. 
Bj  V.  S.  Mi4  British  StMtdMfO. 

Ins. 

Ft. 

Yds. 

Miles. 

Mi|1iniAtT«*....,.. 

.0S9870 

.89370428 

8.9870428 

80.870428 

898.70428 

Road 
measures. 

.008281 

.082809 

.8280889 

8.280809 

82.80889 

828.0809 

8280.889 

82808.89 

Centimetref 

Decimetre..' 

.1098628 
1.098628 
10.98628 
109.3628 
1093.628 
10986.28 

MetreJ 

Decametre "1 

Hectometre 1 

0021878 

Kilometre [ 

.6218700 

Myriametre J 

6.218780 

•  MMrtytlM^^IWEtorMilneh.  t  PaH  K  inch. 

t  Y«V7  Mftriy  8  n,  8K IM,  wbtok  la  Im  teag  by  oolj  1  p*rt  la  8IU. 

BjU.ibi 


8q  Millimetre. 

Sq  Centimetre 

Sq  Decimetre 

Sq  Metre,  or  Gentiarc  . 
Sq  Decametre,  or  Are.... 

Decare  (not  used) 

Hectare. 

Sq  Kilometre 

Sq  Myrimnetre 


Sq.  Ins. 


.001500 
.160008 
15.8008 
1050.08 
155008 


.8861090  aqmllMU 

38.61090  " 


Sq.  Feet. 


.00001076 
.00107641 
.10764101 
10.764101 
1076.4101 
10764.101 
107641.01 
10764101 


Sq.Yds. 


.0000012 

.0001196 

.0119601 

1.19601 

119.6011 

1196.011 

11960.11 

1196011. 


Acres. 


.000247 
.024711 
.247110 
2.47110 
247.110 
24711.0 


Metrlo 

Ai 
Only 


Cnbie  or  Solid  Heasnre. 

(hoM  marked  '*  BrM"  mn  I 


Min{]itre,orcnb 
Centimetre 


CentiUtre., 


DeciUtre.. 


litre,  or   cubic 
Deciiiietre« 


Decfditre, 
Centistere.. 


Hectolitre, 
Decistere.. 


Kilolitre,  or 
Cubic  Metre, 
or  Store 


MfTiolitre, 
Decastere. 


Cob  Ins. 

.0610254 

.610254 
6.10254 

61.0254 

610.264 
Cub  Ft* 

.853156 

8.53156 

86.8156 
868.166 


(liquid.  .0084537  2111. 

<      ^*        .0070428  Brit  giU. 

(Dry.       .0018162  dry  j^nt 

(liquid.  J0»46Z7tdai, 
-l      ^'       .070428  Brit  gilL 
(Dry.       .018162  dry  j^nt. 

{liquid.  .84587  gill  »  .21184  pint 
^'       .70428  Brit  gill  -  .17607  Brit  {itiit 
Dry.       .18162  dry  pint 


.88086  Brit  quart  »  1.7607  Brtt  pints. 
.11351  peek  » .9081  dry  qt » t8162  dry  pt 


f  liquid.  l:?6«21jinftrt  =.  2.11W  plnte^ 

iDr^'. 

r  liquid. 

(Dry. 

j  liquid. 


2.64179  U.  S.  Uquid  gal. 

2.20090  Brit  gaL 

.283783  bush  =  1 1351  peck  ul  9.081  dry  qta. 

26.4179  U.S.  Uquid  gal. 
22.0090  Brit  gal. 
2.83783  bush. 


(Dry. 

I  Liquid.  264.179  U.  8.  Uquid  gal. ) 
^       "       220.090  Brit  gal.  V 

(Dry.       28.8788  bush.  j 

( Liquid.  2641.79  U.  8.  Uquid  gaL )  ^..j.  _^,  ,•  ^^ 
JDry.      288.783  bush.  |  Cub  yds,  18.060. 


^b  yds,  1.8080. 


16 
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Hetrlc   Welfplita,  reduced  to  eommon  Commerdnl  or  ATOif 
Welirfit,  of  1  poaud  =  16  oniices,  or  7000  ipralnB. 


Milligramme^ 

Centigramme 

Decigramme 

Gramme 

By  lavf  a  5-cent  nickel  =>  o  grammes.. 

Decagramme 

Hectogramme 

Kilogramme 

Mynogramme 

Quintal*. ^ 

Tonneau;  Millier;  or  Tonne , 


Grains. 

.015432 

.15432 

1.5432 

15.432 

Pounds  ar. 

.022046 
.22046 
2.2046 
22.046 
220^ 
2204^ 


The  gramme  It  the  baals  of  French  wtighta ;  and  la  the  wdfrht  of  a  «ab  oentlmetra  of  dUtUle4 
VAter  at  its  max  denait  j,  at  sea  level,  in  lat  ef  Paris ;  barom  2».9i:t  iaxa. 

Frencli  Measares  of  tlie  **  SyBteme  Usael.** 

This  lyetem  wai  in  nee  from  about  1812  to  1840,  when  It  was  forbidden  hj  law  to  aw  eren  Its  names. 
This  was  done  In  order  to  expedite  the  general  use  of  the  tables  wbioh  we  have  before  given.  But  as 
the  Systeme  Usnel  i^ipears  in  books  published  during  the  above  interval,  we  add  a  Uble  of  some  of  its 


MeasnreB 

Of  lienirtli. 

Tards. 

Feet. 

Inches. 

VgB<^n4n«1,  fir  line 

.09118 

Ponoe  nsnel',  or  inch.  =  1 
Pled  usnel.  or  foot, = It 

Slignes 

1.81238 
2.18727 

.09118 
1.09362 
8.93708 
6.66181 

1.09362 

18.12344 

47.245 
78.74171 

Tolaensnell— epieds 

Weiffhts.UnieL 

Oablo.  or  Solid.  Usnel. 

Grain  nsnel 

Ores  nsuei. 

■8875  grains. 
60.297       •♦ 

1.10258  avoir  oa. 
.66129  avoir  lb. 

1.10268  avoir  lb. 

Litron  nsnel,  or  lUtra 

sLTiOS  British  plat. 

Maro  nsnel 

S.761S  British  i^a. 

Urre  nsnel,  { 

or  pound,  J 

Bafon  1812,  or  before  the  '*8jsteme  nsnel,"  the  Old  Sjstem,  "  Systeme  Anoien,"  was  in  nse. 

French  MeasureB  of  tlie  **SjrBteme  Anclen.'* 


LineaL 

Sqnasis. 

CnUo. 

Point  anelen,  .01481ns 

Ligneanoien,  .0888  ins 

Sq.Ina. 
.00789 
1.1359 

40.8006 

Sq.yds. 
4.6484 

G.  ins. 
.0007 
1.2106 

O.ft. 

1.2106 
261.481 

O.jHb, 

Pouoeanoisn.  1.06677  ins— .0888  ft 

Pied  anoien.  12.7892  ins  — 1.06577  ft 

Anne  aneien,  46.8989  ins =8.90782  ft= 1.30261  jds 
Tolse  anoien  —6  8946  ft— 2  1315  vds 

9.6B4I 

liftmnif)  n  nM  intMi  r:  1.74(37  milfti 

There  is,  however,  much  confusion  about  these  old  measures.    Different  measures  had  the  sauie 
same  in  diferent  provinoes. 

•  Tto  mwtrdt^ott  ^utMlal  it  160  aTt^rdnpois  p«>'»a4B. 
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BuBBlan. 

Foot.;  8ara«  as  U.  S,  or  British  foot.  Sfusliliie  =-  7  feet  Tewmt «  501 
sachiae  »  8500  feet » 1166^  yards  *»  .6629  mile.  Pood  «  36.114  fts  avoirdupoU 

SpanlBh. 

Tlie  castellano  of  Spain  and  New  Oranada,  for  weighing  gold,  is  varlouslr 
estimated^Jrora  71.07  to  71.04  grains.  At  71.065  grains,  (the  mean  between  tlM 
two,)  an  avoirdupois,  or  common  commercial  ouiKie  contains  6.1572  castellanol 
and  a  fb  avoirdupois  contains  98.516.  Also  a  troy  oiince  =  6.7553  castellano  •  ana 
a  troy  ft  =  81.064  castellano.   three TJ.  S.  gold  dollars  weigh  about  1.1  castellano. 

The  ISpaiiish  mark,  or  marco,  for  precious  metals,  in  South  America. 
ma^  be  taken  in  practice,  as  .5065  of  a  %  avoirdupois.  In  Spain,  .5076  ft>.  la 
other  parts  of  Europe,  it  has  a  great  number  of  valuer:  most  of  them,  however 
being  between  .5  and  .54  of  a  pound  avoirdupois.  The  .5065  of  a  fi>  =3  8545Vi 
grains ;  and  .5076  ft  =  3553.2  grains.  1  marco  =  60  castellanos  =  4(X)  tomlne  ^ 
4800  Spanish  ^oW-grains. 

The  arroba  has  various  values  in  different  parts  of  Spain.  That  of  Ca*. 
tile,  or  M:idrid,  is  25.4025  fts  avoirdupois- the  tonelada  of  Castile  =  2082.1 
fts  avoirdupois;  the  qnintal  =  101.61  fte  avoirdupois;  the  libra »!  Olff 
fts  avoirdupois;  the  caiitnra  of  wine,  Ac,  of  Castile  »  4.263  U.S.  ^aliens:' 
that  of  Havana  =  4.1  gallons. 

The  vara  of  Casrile  =  82.874S  inches,  or  almost  preciselv  mc  inches:  or  J 
feet  8%  Inches.  The  fnne^a<la  of  land  since  1801  =  1.6871  aerfv^.  09134  Oft 
square  feet.  The  fanes-a  ..f  corn.  &c  =  1.59914  U.  S.  struck  bushels.  Ift 
Calitornla,  the  vara  by  law  =  33.372  U.  S.  inches;  and  the  leviia  ^  600e 
varas;  or  2.6336  U.  S.  miles.  ^ 


y  Google 


228 


CONVERSION    TABLES. 


"^  I-  O  : 


„  eg  5 

" ""  II  ^  ^    a 


oc4 


ill  s-  ii 

III  i^eif 


su 


P 


s 
a 

I  a 


8 

s*  .5; 


H  a 

S  "I   •§   i"  ■?"  §5 


"^•^  a    T.  ;i  I  -  3  =  II  s'as    I,  i 


*"  »^  t_  ■■  '^  a  as 


_  il   SX  tie  tic'"'  _  ^        t-l      iH 

•^  S  <»K^  S  I  Sf    . 


5    .c'o 


£? 


.9.2 
I" 


S^ 


Ptii:iS'ip^   „ 

S.9f|s«if5^  I 

..  ■=:  ^   ..  ^     ^  3  fc*  aj   ,1  •<,  -H  •= 


SI 


00  00 
o  a>  a. 

-si 

>^E  o 
^O  o 

a  t-'O 

Q     U     Q 

m 

w  g  « 
1=^ 


r  5  «  §  '"- 

S  =  n  «^ 


c  o 

•'^  a 


B      IS 
o'       ej 


I 


I 


c  B=  o  K  :;       ^ 

>•    rt-S  C    r-     5?    fc, 


1. 
a 

s 

6 

eo* 

i 

a 

i 


OOMYBBaiOH    TABU& 


I 

B 

I 

§ 

B 


f>  f  [' 


u 

:  «  u 


.t:  1.2  III, 

abwr  S  3  ^  i:  b  — 


slip 


3    M    bfti    J,(M 


^  "x. 


g  5:^-^2  i:  "  >  =:^ 

,,    ,,5?  a.^.cKS  P^-'S  sC 
-0 


-    «  ^  ^  a  ?>  «! 


'^i-^f 


<p  «  2-  H  A  i;  cT  ;r  $  = 
"  S5  ^Os-r  «  =  S 

«  «  E  ^  .  >>«  asC  M 
•—  —  e!  3  a:  — _^  boo 

Co—""  -  ^       -If  »>y 

dHrfuu 

•i-ijiJti*  cC"^  '"^  uO 
='-2a'°  a, &•§>»?« 


•t  C3  Pb  JC  CO  SC  5» 

2  M  M  <N  csr  C^  d 


S  ■-   C   e   {.    j 
-  -O    Vi    W   >    -T  ♦ 


11 


©■og«S 


CONVESSION    TABLES. 


slii 

slSl5H,5^if3l£mafi;S*a  alls  I  aU-5.«  il  ?«  ►'S^ 


ji 


p  2     ®  «  S 

3  §.a  «  »  »  «  s  *  «  ® 


g  w  2  ®.t;  p-S  u.*  t-  - 


S^  - 

U  O  «  = 

s  o  t-  e 


III! 


iwoS 


gbB-,  a  w  —  s  to  ^      I 


51' 


e  ^  o  o  o  N  «c  ^  o  CO  ec  o 

j3  tD  eo  o  i-(  i-H  1— 1 1^  tocctOt^ 

:t3  «  ■<#  o  to  ■*  «)  OS  ^Dtoiom 

Vtfjcooi-ieooo  T-^iomeo 

eao^coO'i— 'C^QOOT  Cioooor-- 

bjQtn  T-O'—'-'OOOO  OStOWM 

Map 


'o  ti-.'- 


;V 


II' 


03  m 


■-      5S  «  ®  a  9;  5 

3^  E  s  ^1  -  ^-fe  ^    ■    •    • 
1=  b,  *-  "C  c  =  o  a      "^  *-  =" 


-  ■  -"^  -11     •  •  • 


^^    rt    B   S 
Q    «j    «    BS   O 


i:'S    il 


II  I,  £  i  Sj=;=^^ 


li  II 

II    C  Vi 


«^  gti.  oQ-  oTt.  =       o 

"  *"  "        m  s  «  S 

S  ==  o  = 

:2S-_^'«aC^S>-S< 

>i  ^ ^  ^  o.a  o .H  x> 4  a  I 

iJaj-^-^^ap^  111  4.: 


J  i:  =  «  >. 


<^ 


yGoogk 


CONVEKSION   TABLES. 


231 


"  CO  ■*  -^jS  ^  ^  ^ 


t,  M  O  O 

rt  (D  •*  ^ 

6CCC  to  1^  . .  

Q  c4  <N  csj  C4  jc    I  CO  ©6 


■"5  c  2^  ■"  9     *-  =  S  ^  t^  5  ^  =-  ""  o 


iliiiiil 

•  •<*  eo  ci  ^  d -^  en  oi 
■       ■  c  a  e 


.  a" 

to 


S  81182-**" 

f  asiiiigiiiiiiiiiii  g  a  s---'' .  „  „ , 

r   r   -   r^^^^r^^^.^^.-  ^     II   II   II    It    II   it   A 


THT-i^^oeo^ioto 


I 
I 

D 

1 


I 


od  i  « 

diisi- 


D  II  I  "":"•:'»=  II  I  U   M 
§8r||ll8"ll!'''^^*"1"« 

;2igai^"25^5£,«se£K2»^ 


,M   ><  >^  »  n  II  *■  *'  11 

I  J_  ,  i 

1 


5-  -  - 


!=.= 


I 

§ 
B 

I 


^ 


05  OJ  INOe<« 


opc>opooc>e>c^ 


O  00  —  « «^  1^  o  ei 

'^  CO  o  ^  t^  a>       ~ 
Oco  cc  ^  •* 


I 


2J9 


OOMOpOlCOOOU^-TOC 
Oip-^CNOCO'— COC^iO^ 

^poocowoo  —  eoo^ou: 

—  00500^t-OT-(C'CX 


li 

J. 


—  ■»r  o 

QOO-" 


^  «  -  «  g  , 


Ell 


I  I 


ar 


s  s 


1 


5 

•SII 
§a 


5&-5  8&s?ll 


It 


II  'I 


II 


.igitized  by  vjOOQI 


! 


282 


OOKVESSION  TABLES. 


i 


o 


y  Google 


OOmrBBBIOB  TABLB8. 


288 


iiiiaiiisii  sii  ill  §§  nm^ 

•  I  fl  *  fl 


g 


^  o 


OS 


ililllllali  III  il 


§    SI 


I 


m.       •       .1-1 


I  1^  V  I: 


©CO-     - 


y  Google 


284 


OONYSRSION  TABLES. 


-5 

f 


5^5 


5  S 


5^ 


P 


I     I 


I 
.9 

■♦a 

I 

T 

i 


eoo»-J 

o 


o  «  2 


1^1-jq       ,-1©       »Hop_ 
eocoN*   -     i-J'^        eOf^d"* 


g.SS 

SD  00  OQ 


I  ■ 


If    III! 


ago©    c!©©    -sgo-J^ 


s 


OQ 


s    s 


yGoogle 


ooinrBRsioM  tablib. 


235 


I 

■Si 
31III 


^11 


sills 


Pi 

Ills 


^i 


^      >:S?§ 


SO 


:fl0a  :fi  !(3 


ll 

H.I. 

•*^  Siij 

|o    SgocJogo    goo 

a     fe  5     3 


o 
6 


yGoogle 


OONTSBSZOM  TABLES* 


3iS 


|§i 


OOOCI 


MC4 


^1 


M 


i-ttOi^OO'-' 


^oQfH  fH  coco 


iot*«DO 
COi-Jci'* 


00 '-•'H 
t*NOO 


ill III 


add 


I 


to 


COOICgC 


Boot  Ob 


Ococoo 


I  i  §  §  §1 


s 

o 


1 

Mil 

o  fl   •   *   ' 

>  p  • 


CO       e4       «-i       »Hco 

d      c       la        :d 


l->  M  ©«  »H 


6 


l^  » 


§'*''  i  •  I  2   I  I  i  "■  I  i  r"  "^ 


y  Google 


ocnnrBBsioir  taj»». 


287 


mmli  mm 

^ps  :  :a  dfid 


y  Google 


238 


OONYBBSION  TABLES. 


%z   gs 


ill  II 

•^  §  i|  ||-g  fees- 


.4 


§« 


S   si  •-'='  S2 


n     OQ 


9 


s|§§g    ^^8|    ^ggss    §§§!    ^§S    ^^    gS$|    S| 

SS'^S       iStSSio      00^^      <<t<'«QO^      iS»co      c^3     ooSeoS      S3 


Zz  Soicoeo       a»0)<oco      o)a»(0« 

rj  oww*^      Wi*^^     ^obiH     dweo'-'     co-^jiei     .-id     cjcoej^     •-5© 


^1^ 

■H 


'  '  '  :  1 


ili 

111 


•3  : 


4^2  rg    • 


III 


II  11 -^ 


^•S  is .  • 

H  Mil 


o  . 


_    -^-- Li     "t*    -CO*'-'     • 


i«N-»— l-<N 


0000 

e 


Z^ci  ^<:>i:>c>^ 


QQ 


«d^ 


y  Google 


OOHVBBSIOIf  TABIDS. 


289 


f,  s;  s:  a 

S  «^  >s^  Si^ 

I*  ftco  go  gco 

P  S  o  o 


©NO        OjOJjO 


«:oo 

0    S 


i  §^ii   I   ^li   ill   iig   ii^ 


e  g 


^« 

«S5;3 

V 

fl  : 

MX      ■     I 

M     • 

f^^      .     . 

xo   . 

($     ■ 

InfflC^jh- 

ISSSSI 

P.    ■ 

O*  t^ 

•o-t- 

POOX'* 

i?o 

j-ocoo 

iws 

k 

u? 

p^ 

0 

;;) 

^ 

P 


y  Google 


240 


OOHTBRBION  TABLBB. 


Ass 


e 
& 


gs 


coco        r«i-H 


;^s  ^i  SS  8^§ 

r^<H  iQo  B^  oiQC 

oa»  tie  oo»  oc9c 

s^   s^   n^   gs^  s§  §1  isl 


woa       »-<c 


y  Google 


OONVBBBIQN  TABLB8. 


241 


0>A  lOU) 

ON  »Ht^ 

l^-^  COO 

§t«-  ION 

to  9>0 


oeo 

NQO 

c^oo 
ccc^jI 


II    II  IS 

bM     ^S  ^s 

583      8:3  8:3 

:  •   5 


u^u| 


0 


0 


§85 

Soot- 


^1 


S§  1 


D-Hr-I  O 


si 
I- 


w      ^     o     ^  <o  « 

N  Q        W        ob  ■*  »H 

O  i2S         lO         •H  kA  00 

^       o      N      «  ?f  eo 

i  H  g 


C«  00 

^      o 


o 


H 

llu 

tf^  8.^ 


dO 


m 


o     *:    c 


a    a 


mi 
p.p. 


soo 


N 


<5»40;j 


0 

o 


6S 


3    § 

Q       O 


'OfH  "d 
a     a 

o     o 


1    I 

go  *«ej 

be 

o 


Q 

o 

5 


I 


;:<   5 


16 


y  Google 


242 


OONTBBSION  TABLES. 


a   a 


S 


:  :  5  : 
:  :  8  : 


H     ooo 


O0 


eoo» 


IJ 


H  g  •  • 


'Si  ii  i  ii 


•H^        .H        MO 


II  I 


®  O        ^ 


•    «^    a 

1 1. II. I 


Hfii 


fl  : 
o  . 

00    VOO 

9  QCO 


o 


I 

I 


S|8  S,-»  SSS  SS 

•^  •  •  "" 


2    -e 


.2         •»- 


y  Google 


OONTEBSIOIT  TABLEB. 


248 


IS" 


yGoogle 


244 


CONTEBSIOK  TABLES. 


«0  r^PM  COrHCO 


USOOpMOlOQ 


y  Google 


OONVKBSIOir  TABLES. 


245 


-  -     iS    8S    2    teat    § 


-    „  -as  t* 

gl  felslsl 


la   I 


§^i^  ill 


y  Google 


246 


CONVEESION  TABLES. 


r*      • 


•COOS'S  B 


•III 


II  i| 


O 

6 


o  • 

o  : 

^  : 


Hi  4 


A  : 
a  • 


y  Google 


OONTEBSION  TABLES. 


247 


JC0C4(«»O^        QQOC^^        ^90$        OOOt*        ^l«CI         lOqQ0<9  COb;  ^00 

SssBss  sMn^  s|i  $t;i  iss  ^is   ss   is 


5«i 


•I 
I 

T 

n 


I  o  D.aQ«S 


d  'd  d 


tin  !^ia 


0 


so 


y  Google 


248 


OONYEBSION  TABLBB. 


afcSSt?      SRS2S3      SSI2      S£?S2      2S2I 

4C^(Ot«         Q'^O         OiCO^  CO;O00         <DiOh» 

BCicoSs       «"^eo       <o^©       .-icot*       ciosoo 


i^s 


ii  iS  SS 

OO        C0C4       ^co 


3000  ^iHrH 


000  i-<Oi-l  r^O 


>5  d  d  0}        ^  !3  tf 


|§ia  *l^ 


i-fcii-J    5fo®d 


I 


J3 


»5§52i::    t:;::afe    ?§288    ^gSS    ^|§    SSgi    595^  g 

gcsirHTHi-;      dcie^'ei      ^^^wA^      cicodd      iMcsie^i      ©i-<dd      .H.^.Hf4     ^- 


y  Google 


OOKVEBSKMr  TABL88. 


349 


an    SSi    ig?i    211    ill 

llrHOd  CJrHrH  i-<  O  C>  C>  W  N  6  1-i^»H 


»hOO 

d 


a  a  d 


I  m  m 


In  nl  U  nfAi 


I 


5§5 


.11^    III      ll 
'lf§  ,111  ,ll1 


•lull 


o 


I 

I 

i 


k   I 

Sfi. 


•  dfl 


Jill 


33S 

d  d  d 


i§i  .§!§ 


'■aea 


IS&5§ 


Or 


S 


d  d  d 


ill 


.odd    ^ 

i 

0^ 


Is.  -. 

o»ooo 

^J-^dod 


I 

fioON 


d  d  d 


o 
d 


I   5 


l-S    i-Si 


CO     5o35^ 

'odd     P<>dd 


y  Google 


250 


CONVERSION  TABLES. 


i 
I 


■:J«HC4C)CJ  iHi-Jo»-*  r-I»-40»-« 


id  .    o  o 

P.  t 


^.  b  9  O 


c    s.S'ss    fe*s„    sss?' 


0 


I- 

^^  fl     eopoco 

a 


5t£;  tat)  oQ 


o 


§s    ss 


do 


do       09 


I 


o 
d 


0)  V 

^  «-  S  tf 


k  p. 

©  o 
wo.. 

g,dd 


o 
o 

a 


gg 

fi  to  m 

o 
o 


P.O00 


■'81 


■11 

P-eori' 


•a 


yGoogle 


oomrEBsioN  tables. 


251 


1     I 


-a 


Scot*        t^c^ 


«!=* 


o  AA  <5^  p«o  So> 

^  Qco  '?«  9eo  «"5 

t-  00'-*  ♦HCi  tcio  oo» 

^  eo»o  i-<iH  t^oo  t»QO 

«  ciN  0»Q  Q0U5  -^.H 

^  I-HW  b.^  S«  "^-^ 

CO  6d  ^'m  "^CO  r^y-i 

a  :  :  a  :  a  a  a  a 


»o 

o 
6 

I 


9 

-o 


k.    '    h  (H  O. 


^  .^ 


0      0         o    >o 


y  Google 


252 


CONVERSION  TABLES. 


y  Google 


OOOVy^BSIOK  TABI4I8. 


«J3 


t 


{3 


pi 


:  a 


!!ii!  il  m 


i 

|6      •- 


a    « 


S 


OQOQ 


H 


9+18 


^l>.^  JJ.H 


'iSfl    §45 


I     " 


si  I 

«9  5    III 


9 


I      §      8 


e 


Il  ^^ 

S5 :  * 

ft:  S 

actio  **• 


0$ 


5"     **- 
1 


§ 


II 

H  : 


53 


9 


g-    g 


y  Google 


254 


VEIOHIS  Ain>  HBABUBEB. 


TAB] 

LE  OF  ACRES  REauiRED  per  mtle,  rad  per  lOO  Wte^ 
for  difl-erent  widtbfft. 

width. 

F«et. 

▲OTM 
1^. 

AerM 
l(!oPt. 

Width. 

FMt. 

Aere« 
fill 

Aore« 
lOOFt. 

Width. 
Feet. 

Aarm 

Acres 
iffft. 

Width. 
Feet. 

Aeree 

Aorae 

kSTfu 

1 

.121 

.002 

26 

8.16 

.060 

62 

6.30 

.119 

76 

9.46 

.179 

2 

.242 

.006 

27 

8.27 

.062 

63 

6.42 

.122 

79 

9.68 

.181 

8 

.364 

.007 

28 

8.39 

.064 

64 

6.66 

a24 

80 

9.70 

.184 

4 

.486 

.009 

29 

8.62 

JO&I 

66 

6.67 

a26 

81 

9.82 

J86 

6 

.606 

.011 

80 

3.64 

.069 

56 

6.79 

.129 

82 

9.94 

.188 

6 

.727 

.014 

31 

8.76 

.071 

57 

6.91 

.181 

^ 

10. 

.189 

7 

.848 

.016 

82 

3.88 

,073 

H 

7- 

.183 

83^ 

10.1 

.190 

8 

.970 

.018 

83 

4.00 

.076 

58  ■ 

7.03 

.133 

84 

10.2 

J93 

H 

1. 

.019 

34 

4.12 

.078 

59 

7.16 

.186 

86 

10^ 

.196 

9 

1.09 

.021 

36 

4.24 

.080 

60 

7.27 

.138 

86 

10.4 

.197 

10 

1.21 

.023 

36 

4.86 

.083 

61 

7.39 

.140 

87 

10.5 

.200 

11 

1.38 

.026 

87 

4.48 

.086 

62 

7.62 

.142 

88 

10.7 

.202 

12 

1.46 

.028 

38 

4.61 

.087 

63 

7.64 

.146 

89 

10.8 

.204 

13 

1.68 

.0.30 

39 

4.78 

.090 

64 

7.76 

.147 

90 

10.9 

.207 

14 

1.70 

.032 

40 

4.86 

.092 

66 

7.88 

J49 

^ 

11. 

.209 

16 

1.82 

.034 

41 

4.97 

.094 

66 

8. 

.151 

91 

11.0 

.209 

16 

1.94 

.037 

H 

6. 

.094 

67 

8.12 

.164 

92 

11.2 

.211 

}i 

2. 

.038 

42* 

6.09 

.096 

68 

8.24 

.166 

93 

11.8 

i213 

17 

2.06 

.039 

43 

6.21 

.099 

69 

8.36 

.168 

H 

11.4 

.216 

18 

2.18 

.041 

44 

6.33 

.101 

70 

8.48 

.161 

96 

11.5 

.218 

19 

2.30 

.044 

46 

5.46 

.f03 

71 

8.61 

.163 

96 

11.6 

.2-20 

20 

2.42 

.046 

46 

5.68 

.106 

72 

8.73 

J65 

97 

11.8 

.223 

21 

2.66 

.048 

47 

6.70 

.108 

73 

8.86 

.168 

98 

UA 

.226 

22 

2.67 

.061 

48 

6.82 

.110 

74 

8.97 

J70 

99 

12. 

.227 

23 

2.79 

.063 

49 

5.94 

.112 

^ 

9. 

.170 

100 

12.1 

.230 

24 

2.91 

.066 

H 

6. 

.114 

76 

9.09 

.172 

H 

3. 

.067 

60 

6.06 

ai6 

76 

9.21 

.174 

26 

3.08 

.067 

61 

6.18 

J17 

77 

9.83 

.177 
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Vable  ^  sradea  per  mile,  and  per  lOO  feet  meMiiired  toorj. 
xontolly,  ancl  correspondiiiff  \o  durerent  angles  of  ineli- 
nation. 


Feet  per 
100  ft. 


1.536 
8.072 
4.608 
6.144 
7.680 
9.'il6 
10.75 
12.29 
13.83 
15.36 
16.90 
18.43 
19.96 
21.50 
23.04 
24.58 
26.11 
27.64 
29.17 
30.72 
32.26 
33.80 
35.33 
36.86 
38.40 
39.94 
41.47 
43.01 
44.54 
46.08 
47.62 
49.16 
60.69 
5  2. -23 
53  76 
55.30 
56  83 
58.37 
59.90 
61.44 
62.97 
64.51 
66.04 
67.5T 


.0291 
.0582 
.0873 
.1164 
.1455 
.1746 
.2037 
.2328 
.2619 
.2909 
,3200 
.3491 
.3782 
.4073 
.4364 
.4655 
.4946 
.5237 
.5528 
.5818 
.6109 
.6400 


.7273 
.7564 
.7855 
.8146 
.8436 
.8727 
.9018 
.9309 
.9600 
.9891 
1.0182 
1.0*72 
1.0763 
1.1054 
1.1345 
1.1636 
1.1927 
1.2218 
1.2509 
1.2800 


M   a 


Feet  per 
100  ft. 


69.11 
70.64 
72.18 
73.72 
75.26 
76.80 
78.33 
79.87 
81.40 
82.94 
84.47 
86.01 
87.54 
89.08 
90.62 
92.16 
95.23 
98.30 
101.4 
104.5 
107.5 
110.6 
113.6 
116.7 
119.8 
122.9 
126.0 
129.1 
132.1 
135.i 
138.3 
141.3 
144.4 
147.4 
150.5 
153.6 
156.6 
159.7 
162.8 
165.9 
169.0 
172.0 
175.1 
178.2 


1.3090 
1.3381 
1.3672 
1.3963 
1.4254 
1.4545 
1.4837 
1.5128 
1.5419 
1.5710 
1,6000 
1.6291 
1.6583 
1.6873 
1.7164 
1.7455 
1.8038 
1.8620 
1.9202 
1.9784 
2.0366 
2.0948 
2.1530 
2.2112 
2.2694 
2.3277 
2.3859 
2.4W1 
2.5023 
2.5604 
2.6186 
2.6768 
2.7350 
2.7932 
2,85U 
2.9097 
2.9679 
3.0262 
3.0844 
3.1427 
3.2010 
8.2592 
3.3175 
3.3758 


181.3 
184.4 
187,5 
190.6 
193.6 
196.7 
199.8 
S02.8 
305.9 
208.9 
212.0 
215.1 
216.1 
2'Jl.2 
224.3 
227.4 
230.5 
233.5 
236.6 
239.7 
242.8 
245.9 
348.9 
362.0 
255.1 
258.2 
361.3 
364.3 
267.4 
270.5 
273.6 
276.7 
279.7 
282.8 
285.9 
289.0 
292.1 
295.1 
298.2 
301.3 
304.4 
307.5 
310.5 
813.6 


8.4341 
8.4924 
8.5506 
8.6087 
8.6669 
8.7250 
8.7833 
8.8416 
8.8999 
8.9581 
4.0163 
4.0746 
4.1329 
4.1911 
4.2494 
4.8076 
4.3659 
4.4242 
4.4826 
4.5409 
4.5993 
4.6576 
4.7159 
4.7742 
4.8325 
4.8908 
4.9492 
6.0075 
6.0658 
5.1241 
6.1824 
6.2407 
6.2990 
6.3573 
6.4158 
6.4742 
6.5326 
5.5909 
5.6493 
6.7077 
1.7660 
5.8244 
5.8827 
6.9410 


8f  £ 

ft  S 


FeetpOT 
mile. 


316.8 
319.8 
322.9 
326.0 
S'29.1 
332.2 
335.3 
338.4 
341.4 
344.5 
347.6 
350.7 
353.8 
356.8 
359.9 
363.0 
366.1 
369.2 
376.9 
884.6 
S92.S 
400.1 
407.8 
415.6 
423.2 
481.0 
438.7 
446.5 
454.2 
461.9 
469.6 
477.4 
485.1 
492.9 
500.6 
508.4 
616.1 
523.9 
531.6 
5:i9.4 
547.2 
655. 


6.9994 
6.0&79 
6.1163 
6.174T 
6.2330 
6.2914 
6.3498 
6.4088 
6.4664 
6.524« 
6.5832 
6.6418 
6.7004 
6.7583 
6.8168 
6.8751 
6.9339 
6.9926 
7.1384 
7.2842 
7.4300 
7.5767 
7.7234 
7.8701 
8.0163 
8.162S 
8.3087 
8.4554 
8.6021 
8.7489 
8.8951 
9.0413 
9.1875 
9.3347 
9.4819 
9.629?. 
9.7755 
9.9218 
10.068 
10.215 
10.362 
10.510 


On  a  tamnifce  road  V>  sy,  or  about  1  in  35,  or  161  feet  per  mile,  is  th« 
enatoBt  elope  tfiTt  will  allow  horeee  to  trot  down  rapidly  with  aafe^.  In  cnwrfnjf 
SSJntoins;  Sis  ie  often  increaged  to  80,  or  eran  to  60.  It  shonld  never  exceed  2^<^, 
except  when  ahaolatoly  necesflazy. 

Any  teor  dlst^^  ^  is  =  dopiJig  dist  X  co^ne  ang  of  slope. 
*•    slopina:  dist  is  =  hor  diat        ■♦■  cortna 
**    Vertlieifflit    is^hordist        x  tangent      ^      ^ 
*     ,  or  =  sloping  dlstX  sine       «    «       « 

A  grade  of  n  feet  rise  per  100  feet  is  uaually  called  a  grade  of  n  per  cent. 
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WEIGHTS  AND  MEASURES. 


SIiOPBS   fir   IMSST   PBR   100   FV.   HORIZCMTTAIi. 

The  fractions  of  minntes  are  given  only  to  34  feet  in  100. 

A  clinometer  graduated  by  the  3d  column,  and  numbered  by  the  first  one^ 
vrill  giye  at  eight  the  slopes  in  feet  per  100  feet.    No  errors.  Original. 


lis 

Id 

Length  of 
slope  per 
100  ft  hor. 

Angle  of 
Blope. 

|y 

Length  of 
slope  per 
100  ft  hor. 

Angle  of 
■lope. 

P 

L«agth  of 

Angle  of 
slope. 

Feet. 

Deg.    Uin. 

Feet. 

Peg.    Mln. 

Feet. 

Deg.-   Min. 

1 

100.005 

0    34.4 

35 

105.948 

19    17 

69 

121.496 

84    86 

2 

100.020 

1      8.7 

36 

106.283 

19    48 

70 

122.068 

35     0 

3 

100.045 

1    48.1 

37 

106.626 

20    18 

71 

122.642 

86    28 

4 

100.080 

2    17.6 

38 

106.977 

20    48 

72 

128.223 

85    46 

6 

100.1-25 

2-  51.8 

39 

107.336 

21    18 

73 

123.810 

86     8 

6 

100,180 

8    26.0 

40 

107.703 

21    48 

74 

124.403 

a«    80 

7 

100.245 

4      0.3 

41 

108.079 

22    18 

76 

125.000 

86    62 

8 

100.319 

4    34.4 

42 

108.463 

22    47 

76 

125.603 

87    14 

9 

100.404 

5      8.6 

48 

108.853 

28    16 

77 

126.210 

87    86 

10 

100.499 

5    42.6 

44 

109.253 

23    45 

78 

126.828 

87    67 

11 

100.603 

6    16.6 

46 

109659 

24    14 

79 

127.440 

88    ^ 

12 

100.717 

6    50.6 

46 

110.073 

24    42 

80 

128.062 

88    40 

IS 

100.841 

7    24.4 

47 

110.494 

26    10 

81 

128.600 

89      1 

U 

100,975 

7    58.2 

48 

110.923 

25    88 

82 

129.321 

89'  21 

16 

101.119 

8    81.9 

49 

111.359 

26     6 

88 

129.958 

89    42 

16 

101.272 

9      5.4 

50 

111.803 

26    84 

84 

130.599 

40      2 

17 

101.435 

9    36.9 

51 

112.-254 

27      1 

85 

131.244 

40    22 

18 

101.607 

10    12.2 

52 

112.712 

27    28 

86 

131.894 

40    42 

19 

101.789 

10    45.6 

58 

113.177 

27    66 

87 

132.548 

41      1 

20 

101.980 

11    18.6 

54 

113.649 

28    22 

88 

133,207 

41    21 

g 

102.181 

11    61.6 

66 

114.127 

28    49 

89 

133,869 

41    40 

102.391 

12    24.5 

66 

114.612 

29    16 

90 

134.536 

41    69 

2S 

102.611 

12    67.2 

57 

115.104 

29    41 

91 

135.207 

42    18 

24 

10-2.840 

18    29J 

68 

115.603 

80      7 

92 

135.882 

42    8T 

25 

10S.078 

14      2.2 

69 

116.108 

80    82 

98 

136.561 

42    66 

26 

103.325 

14    34.5 

•0 

116.619 

80    68 

94 

137.244 

48    14 

27 

103.581 

15      6.6 

61 

117.137 

31    28 

96 

137.931 

48    82 

28 

103.846 

15    88.5 

62 

117.661 

31    48 

96 

138.622 

41    60 

3 

101.120 

16    10  8 

68 

118.191 

82    13 

97 

139.316 

44      8 

104.403 

16    42.0 

64 

118.727 

32    87 

98 

140.014 

44    25 

81 

104.695 

17    18.4 

65 

119.269 

38      1 

99 

140.716 

44    48 

'2  • 

104.995 

17    44.7 

66 

119.817 

38    26 

100 

141.421 

46    00 

si 

105.;W4 

18    15.8 

67 

1J0.3T0 

S3    49 

101 

142.130 

45    17 

84 

105.622 

18    46.7 

66 

1 30.930 

84    18 

103 

1 42.843 

46    84 

'     In  describing  railroad  grades,  it  is  usual,  as  in  our  tables,  to  refer  the 

rise,  A,  to  the  corresponding  horiaiontal  length,  B.    We  then  have  z — ^  =  =c  = 

length      B 
w\  the  tangent  of  the  an^le,  a,  between  the  plane  and  the 


horizontal.    IX  the  rise,  A,  be  referred  to  the  sloping 

length,  C,  we  have  j^^  ^  n  *"  ***^  "^ '  *'*^  ^^* 
fraction  is  proportional  to  the  component,  8^  of  the 
weight,  W,  in  the  direction  of  the  slope.    Thus,  on  a 

grade  where  rise,  A.  =  0.1  X  sloping  length,  C,  we 
ave  sin  a  =  0.1,  and  8  =*=  0.1  W.  The  tangent  of  a  is 
only  approximaUly  propoTiAona]  to  S ;  but  the  steepest 
grades,  surmounted  by  traction  only,  even  on  electric 
railways,  rarely,  if  ever,  exceed  from  13  to  15  per 
cent ;  and,  on  these,  the  error,  due  to  using  tan  a  in- 
stead of  sin  a,  is  less  than  a  difference  of  0.2  per  cent 
in  the  grade,  and  about  =  1  per  cent  of  the  true  value  of  S.  For  steeper  grades, 
such  as  those  of  rack  railways,  it  should  always  be  specified  whether  the  rise 
refers  to  the  horizontal  or  to  the  sloping  measurement. 

TransTerse  slopes,  such  as  those  of  earthwork,  are  sometimes,  like  railroad 
.ry^A^   -♦-♦^  <«   ft  vertical  A   .    .  ,,     ,      ft  horizontal         B    „ 

grades,  stated  in  -^-r — — -    -    but  usually  in  -5- -. — -. — ,  as  t.   Here 

ft  horizontal  *  B'  'ft  vertical      *       A 

^  is  the  cotangent  of  the  angle,  a,  with  the  horizontal,  or  the  tangent  of  the 

angle  (90O-a)  with  the  vertical.    Thus  stated,  a  slope  of  2  to  1  means  a  slope  of  2 
^nzontal  to  1  vertical. 
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■ontally. 

Onde    Grade 

Grade 

Gi«de 

Grade 

Grade 

Grade 

Grade 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

per  mile. 

per  100  ft. 

per  mile. 

per  100  ft. 

per  mile. 

per  100  ft. 

per  mile. 

per  100  ft. 

1 

.01894 

39 

.73S64 

77 

1.45833 

115 

2.17803 

2 

.08788 

40 

.76758 

78 

1.47727 

116 

2.1960r 

8 

.06682 

41 

.n662 

79 

1.49621 

117 

2.21591 

4 

.07576 

42 

.79645 

80 

1.51515 

118 

2.23486 

6 

.1)9470 

43 

.81439 

81 

1.53409 

119 

2.25379 

6 

-11364 

44 

.88333 

82 

1.65303 

120 

2.27278 

7 

.13253 

45 

.85227 

83 

1.67197 

121 

8.20167 

8 

.15103 

46 

.87121 

84 

1.69091 

122 

2.81061 

• 

.17045 

47 

.89015 

85 

1.60985 

128 

2.32855 

10 

.lS':i39 

48 

.90900 

86 

1.62879 

124 

2.34848 

U 

.i2(fS33 

49 

.92806 

87 

1.64773 

126 

2.36741 

u  • 

.22727 

60 

.94697 

88 

1.66666 

126 

2.38630 

18 

.24621 

61 

.96591 

89 

1.68661 

127 

2.40530 

14 

.26515 

62 

.98486 

90 

1.70455 

128 

2.42424 

15 

.2S409 

63 

1.00379 

91 

1.72S48 

129 

2.44818 

16 

.S0863 

64 

1.02278 

92 

1.74342 

130 

2.46212 

17 

.82197 

65 

1.04167 

93 

1.76136 

131 

2.48106 

18 

.84091 

66 

1.06061 

94 

1J78030 

132 

2.50000 

19 

.85965 

67 

1.07956 

95 

1.79024 

133 

2.51894 

20 

.87879 

68 

1.09848 

96 

1.81818 

134 

2.53788 

21 

.89773 

69 

1.11742 

97 

1.83712 

135 

255682 

22 

.41667 

60 

1.18636 

98 

1.85606 

136 

i.57576 

23 

.43561 

61 

1.15530 

99 

1.87600 

137 

2.59470 

24 

.45455 

62 

1.17424 

•  100 

L89394 

138 

2.61864 

25 

.47348 

63 

1.19318 

101 

1.01288 

139 

2.63258 

26 

.49242 

64 

1.21212 

102 

1.03182 

140 

^66152 

27 

.51136 

65 

1.28106 

108 

1.95076 

141 

i.67046 

28 

.58030 

66 

1.25000 

104 

1.96970 

142 

2.68989 

29 

.64924 

67 

1.26894 

105 

1J98864 

143 

270888 

80 

.66818 

68 

1.28788 

106 

2X)0768 

144 

2.72727 

81 

.58718 

69 

1.30682 

107 

2X)2652 

145 

2.74621 

82 

.60606 

70 

1.82676 

108 

2JD4545 

146 

176615 

88 

.62600 

71 

1.84470 

109 

2J06439 

147 

8.78409 

84 

.64894 

72 

1.36364 

110 

2J08333 

148 

2.80303 

85 

.66288 

73 

1.88258 

111 

2.10227 

149 

2.82197 

86 

.68182 

74 

1.40152 

112 

2.12121 

150. 

2.84091 

87 

.70076 

75 

1.42045 
1.48939 

118 

2.14015 

151 

8.85965 

88    .7mo  1 

76 

114 

2.15909 

152 

2.87879 

If  the  grade  per  mile  should  consist  of  fset  and  teiiih$,  add  to  the  grade  per  100 
feet  in  tbe  foregoing  table,  that  corresponding  to  the  number  of  tenths  taken  firom 
the  table  below ;  thus,  for  a  grade  ,of  43.7  feet  per  mile,  W9  have  .81439  +  .01826  — 
.82766  feet  per  100  feet. 


Ft.|>erMne. 

PerlOOlWt. 

Ft.  per  MU«. 

Per  100  Feet 

ft.  per  Mile. 

PerloeFeet. 

.06 

.00094 

.4 

.00768 

.7 

.01326 

.1 

.00189 

.45 

.00862 

.75 

.01420 

05 

.00283 

.5 

.00947 

.8 

.01516 

.S 

.00379 

.56 

.01041 

.85 

.01609 

2ft 

.00473 

.6 

.01136 

.9 

.01705 

A 

.00568 

.65 

.01230 

.95 

.0179^ 

JU 

X)0662 

17 
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WEIGHTS  AND  MEASURES. 


TABUB  OF  HEADS  OF  WATER  CORRESPONDINO  TO 
OITEDT  PRESSURES. 

Water  at  maximum  deosity,  62.425  lbs.  per  cubic  foot «  1  gram  per  cubi« 
ceutimeter ;  corresponding  to  a  temperature  of  4P  Centigrade  «  ^.2^  FahreuhetL 

Head  in  feet »  2.306768  X  pressure  in  lbs.  per  square  inch. 
"  **     ^  0.0160192  X  pressure  in  lbs.  per  square  foot. 

Heads  corresponding  to  pressures  not  given  in  the  table  can  be  found  by  tbew 
formulee,  or  taken  from  the  table  by  simple  proportion. 


Premure. 

Head. 

Pressure. 

Head. 

Premnre. 

Head. 

lbs.  pel 
■q.in. 

•'S:r 

Feet. 

lbs.  pel 
sq.  in. 

'sj.r 

Feet. 

lbs.  pel 
sq.  in. 

Xr 

Feet. 

1 

144 

2.3068 

51 

7844 

117.645 

101 

14644 

232.984 

.  2 

288 

4.6135 

52 

7488 

119.952 

102 

14688 

236.290 

3 

432 

6.9203 

68 

7632 

122  259 

108 

14832 

287.597 

4 

576 

9.2271 

64 

7776 

124.565 

104 

14976 

239.904 

5 

720 

11.5338 

55 

7920 

126.872 

106 

15120 

242.211 

6 

864 

18.8406 

66 

8064 

129.179 

106 

16264 

244.517 

7 

1008 

16.1474 

67 

8208 

131.486 

107 

16408 

246.824 

8 

1152 

18.4541 

68 

•8352 

133.798 

108 

16662 

249.181 

9 

1296 

20.7609 

69 

8496 

136.099 

109 

15696 

251.438 

10 

1440 

23.0677 

60 

8640 

138.406 

110 

15840 

253.744 

11 

1584 

26.3744 

61 

8784 

140.713 

111 

15984 

266.061 

12 

1728 

27.6812^ 

62 

8928 

14:^020 

112 

16128 

268.868 

13 

1872 

29.9880 

63 

9072 

145.326 

113 

16272 

260.666 

14 

2016 

82.2948 

64 

9216 

147.633 

114 

16416 

262.972 

15 

2160 

84.6015 

65 

9360 

149.940 

115 

16560 

266.278 

16 

2304 

36.9083 

66 

9504 

152.247 

116 

16704 

267.585 

17 

2448 

39.2151 

67 

9648 

154.553 

117 

16848 

269.892 

18 

2592 

41.5218 

68 

9792 

156.860 

118 

16992 

272.199 

19 

2736 

43.8286 

69 

9936 

159.167 

119 

17136 

274.506 

20 

2880 

46.1354 

70 

10080 

161.474 

120 

17280 

276.812 

21 

3024 

48.4421 

71 

10224 

163.781 

121 

17424 

279.119 

22 

3168 

50.7489 

72 

10368 

166.087 

122 

17668 

281.426 

23 

3312 

53.0557 

73 

10512 

168,394 

128 

17712 

283.732 

24 

3456 

55.3624 

74 

1065« 

170.701 

124 

17866 

286.089 

25 

3600 

57.6692 

75 

10800 

173.008 

125 

18000 

288.346 

26 

3744 

59.9760 

76 

10944 

175.314 

126 

18144 

290.668 

'27 

3888 

62.2827 

77 

11088 

177.621 

127 

18288 

292.960 

28 

4032 

64.5895 

78 

11232 

179.928 

128 

18432 

296.266 

29 

4176 

66.8963 

79 

11376 

182.235 

129 

18576 

297.578 

30 

4320 

69.2030 

80 

11520 

184.541 

130 

18720 

299.880 

31 

4464 

71.5098 

81 

11664 

186.848 

131 

18864 

802.187 

32 

4608 

73.8166 

82 

11808 

189.155 

182 

19008 

804.493 

33 

4752 

76.1233 

83 

11952 

191.462 

138 

19162 

806.800 

34 

4896 

78.4301 

84 

12096 

193.769 

134 

19296 

309.107 

85 

5040 

80.7369 

85 

12240 

196.075 

135 

19440 

811.414 

86 

5184 

83.0486 

86 

12384 

198.382 

186 

19684 

813.720 

37 

5328 

85.3504 

87 

12528 

200.689 

187 

19728 

816.027 

38 

5472 

87.6572 

88 

12672 

202.996 

188 

19872 

318.334 

39 

5616 

89.9640 

89 

12816 

205.302 

139 

20016 

820.641 

40 

5760 

92.2707 

90 

12960 

207.G09 

140 

20160 

822.948 

41 

5904 

94.5775 

91 

13104 

209.916 

141 

20304 

826.254 

42 

6048 

96.8843 

92 

13248 

212.223 

142 

20448 

827.561 

43 

6192 

99.1910 

93 

13392 

214.529 

143 

20592 

829.868 

44 

6336 

101.4978 

94 

13536 

216.836 

144 

20736 

882.176 

45 

6480 

103.8046 

95 

13680 

219.143 

146 

20880 

884.481 

46 

6624 

106.1113 

96 

13824 

221.450 

146 

21024 

886.788 

47 

6768 

108.4181 

97 

13968 

223.756 

147 

21168 

389.095 

48 

6912 

110.7249 

98 

14112 

226.063 

148 

21812 

841.402 

49 

7056 

113.0316 

99 

14256 

228.370 

149 

21466 

843.708 

50 

7200 

115.3384 

100 

14400 

230.677 

160 

21600 

M6.01S 
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TABJLE  OF  PJUBMUBES  C<MUIS|iPajlJ>IV«  TO  OITEV 
HKAIMS  OF  WATKR. 

Water  at  maximum  deoslty,  62.425  lbs.  per  oubio  foot « 1  gram  per  oubia 
Motimeter ;  oorreaponding  to  a  temperature  of  4^'  Cent^rade  »-  39.2^  Fahreuheit. 

Pressure  in  lbs.  per  square  inch  »  0.433507  X  bead  in  feet 
Pressure  in  lbs.  per  square  foot  =  62.425      X  bead  in  feet. 
Pressures  correspoudins  to  heads  not  given  in  the  table  can  be  found  by  tbeee 
formulae,  or  taken  from  tne  table  by  simple  proportion* 


Head. 

Preaanre. 

Head. 

Inches. . 

Preasure. 

Inches. 

Ibe.  per  sq.  in. 

lbs.  per  sq.  ft. 

lb&  per  sq.  in. 

lbs.  per  sq.  ft 

0.036126 
0.072361 
0.108877 
0444502 
0.180628 
0.216758 

6.202083 
10.404167 
15.606250 
20.808333 
26.010417 
ffl.212500 

7 
8 
9 
10 
11 
12 

0.252879 
0.289005 
0.825180 
0.861256 
0.897881 
0.488607 

36.414588 
41.616667 
46.818750 
52.020888 
57.222917 
62.425000 

Preasure. 

Preasure. 

Preaaure. 

Head. 

Feet. 

HaaiI 

HeAd 

lbs.  per 
sq.in. 

'Sj.r 

Feet 

lbs.  per 
sq.  in. 

'Jj.r 

Feet 

lbs.  per 
sq.  in. 

'Sj.r 

1 

0.4335 

62.426 

88 

16.4733 

2872.150 

75 

82.5180 

4681.876 

2 

0.8670 

124.850 

39 

16.9068 

2434.575 

76 

32.9465 

4744.300 

8 

1.3005 

187.275 

40 

17.8408 

2497.000 

77 

83.3800 

4806.726 

4 

1.7340 

249.700 

41 

17.7738 

2559.425 

78 

88.8185 

4869.150 

S 

2.1675 

812.125 

42 

18.2078 

2621.850 

79 

84.2471 

4931.576 

6 

2.6010 

874J>60 

43 

18.6408 

2684.276 

80 

84.6806 

4994.000 

7 

8.0345 

436J)75 

44 

19.0748 

8746.700 

81 

86.1141 

5056.426 

8 

8.4681 

499.400 

46 

19.6078 

2809.125 

83 

86.6476 

5118.860 

9 

3.9016 

561.826 

46 

19.9418 

2871.550 

88 

86.9811 

5181.275 

10 

4.8861 

624.250 

47 

20.3748 

2933.975 

84 

86.4146 

5248.700 

11 

4.7686 

686^675 

48 

20.8088 

2996.400 

86 

36.8481 

5306.125 

12 

5.2021 

749.100 

49 

21.2418 

3058.825 

86 

37.2816 

5368.550 

18 

5.6856 

811.525 

60 

21.6758 

8121.260 

87 

37.7151 

5430.976 

14 

6.0691 

873.950 

51 

22.1089 

8183.675 

88 

38.1486 

5493.400 

15 

6.5026 

986.875 

62 

22.5424 

3246.100 

89 

38.6821 

5555.825 

16 

6.9361 

998.800 

58 

22.9759 

3308.525 

90 

89.0156 

5618.250 

17 

7.3696 

1061.225 

64 

23.4094 

8370.960 

01 

39.4491 

5680.675 

18 

7J031 

112a650 

55 

28.8429 

3433.375 

92 

39.8826 

5748.100 

19 

8.2366 

1186.076 

56 

24.2764 

3495.806 

98 

40.8163 

5805.525 

20 

8.6701 

124^500 

67 

24.7099 

8558.225 

94 

40.7497 

5867.950 

31 

9.1036 

1310.925 

58 

25.1434 

3620.660 

95 

41.1832 

59.30.375 

32 

9.5372 

137a350 

69 

26.5769 

8688.075 

96 

41.6167 

5992.800 

28 

9.9707 

1435.775 

60 

26.0104 

.8746.600 

97 

42.0502 

6055.225 

34 

10.4042 

1498.200 

61 

26.4439 

8807.925 

96 

42.4887 

6117.650 

35 

10.8877 

1560.625 

62 

26.8774 

8870.860 

89 

42.9172 

6180.075 

36 

11.2712 

1623;050 

68 

27.8109 

8932.775 

100 

48.8607 

6242.500 

37 

11.7047 

168&475 

64 

27.7444 

8995.200 

101 

43.7842 

6304.925 

38 

12.1382 

1747.900 

65 

2ai780 

4067.625 

102 

44.2177 

6367.850 

39 

12.6717 

18ia325 

66 

28.6115 

4120.050 

108 

*4.6812 

6429i775 

80 

18.0052 

1871750 

67 

29.04.-50 

4182.475 

104 

45.0847 

6492.200 

81 

18.4387 

19351175 

68 

29.4785 

4244.900 

105 

45.5182 

6554.625 

82 

18.8722 

1997-600 

69 

29.9120 

4807.826 

106 

45.9517 

6617.050 

88 

14.8057 

206a025 

70 

30.8456 

4869.750 

107 

46.3862 

6679.475 

84 

14.7392 

2120.450 

71 

80.7790 

4482.175 

108 

46.8188 

6741.900 

86 

15.1727 

218i875 

72 

81.2125 

4494.600 

109 

47.2628 

6804.825 

86 

15.6068 

2^1300 

78 

81.6460 

4667.025 

110 

47.6868 

6866.750 

87 

16.0898 

2809.728 

74 

82.0795 

4619.460 

111 

4M1W 

6929.176 
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TAfiiii: 

OF  PRKSSITRES  (Coutinned). 

Pressure.! 

Pressure. 

Pressure. 

Head. 

Feet 

Head. 

Hm^a 

Ibfl.  per 

lbs.  per 

Feet. 

IbB.  per 

Ibfl.  per 

IIVBU. 

Feei 

Ibfl.  per 

xr 

sq.  in. 

Bq.  ft. 

sq.  in. 

sq.ft. 

sq.  in. 

112 

48.5528 

6991.600 

144 

62.4250 

8989.200 

176 

76.2972 

10986.800 
1104^.225 

113 

48.9863 

7054.025 

145 

62.8685 

9051.625 

177 

76.7307 

114 

49.4198 

7116.460 

146 

63.2920 

9114.050 

178 

77.1642 

11111.660 

115 

49.8533 

7178.876 

147 

63.7255 

9176.475 

179 

77.5978 

11174.075 

116 

50.2868 

7241.800 

148 

64.1590 

9238.900 

180 

78.0313 

11236.500 

117 

50.7208 

7303.725 

149 

64.SB26 

9301.825 

181 

78.4648 

1120«<90S 

118 

51.1538 

7366.150 

160 

65.0260 

9363.760 

182 

78.8983 

11361.850 

119 

51.5873 

7428,575 

161 

65.4596 

9426.176 

183 

79.3318 

11423.776 
11486.200 

120 

62.0208 

7491.000 

152 

66.8931 

9488.600 

184 

79.7653 

121 

62.4543 

7553.425 

163 

66.3266 

9651.025 

185 

80.1988 

11548.625 

122 

52.8879 

7615.850 

164 

66.7601 

9613.460 

186 

80.6823 

11611.060 

123 

53.3214 

7678.276 

155 

67.1936 

9676.876 

187 

81.0658 

11671475 

124 

53.7549 

7740.700 

156 

67.6271 

9738.300 

188 

81.4998 

11731^900 

125 

54.1884 

7803.125 

167 

68.0606 

9800.726 

189 

81.9328 

11798.325 

126 

54.6219 

7865.550 

168 

68.4941 

9868.160 

190 

82.3663 

U869v750 

127 

65.0654 

7927.975 

169 

68.9276 

9925.676 

191 

82.7998 

1192*175 

128 

55.4889 

7990.400 

160 

69.3611 

9988.000 

192 

83.2333 

11985.6DD 

129 

55.9224 

8052.825 

161 

69.7946 

10050.425 

193 

83.6669 

12048.025 

130 

66.3569 

8115.250 

162 

70.2281 

10112.850 

194 

84.1004 

12110.450 

131 

56.7894 

8177.675 

163 

70.6616 

10175.276 

195 

84.5339 

12172.875 

132 

57.2229 

8240.100 

164 

71.0951 

10237.700 

196 

84.9674 

12286.S«> 

133 

57.6564 

8302.625 

165 

71.8287 

10300.125 

197 

85.4009 

12297.726 

184 

58.0899 

8364.960 

166 

71.9622 

10362.550 

198 

86.8344 

12360.150 

135 

58.5234 

8427.875 

167 

72.3967 

10424.975 

199 

86.2679 

12422.575 

136 

58.9670 

8489.800 

168 

72.8292 

10487.400 

900 

86.7014 

12485.000 

187 

59.3905 

8662.226 

169 

73.2627 

10649.825 

aoi 

87.1349 

12547.425 

138 

59.8240 

8614.660 

170 

73.6962 

10612.250 

202 

87.5684 

12609.850 

189 

60.2675 

8677.075 

171 

74.1297 

10674.675 

ao3 

88.0019 

12672.2f75 

140 

60.6910 

8739.500 

172 

74.6632 

10737.100 

204 

88.4354 

12784.700 

141 

61.1245 

8801.925 

173 

74.9967 

10799.625 

305 

88.8689 

12797.125 

142 

61.5580 

8864.350 

174 

75.4802 

10861.950 

906 

89.3024 

12869.S60 

148 

61.9915 

8926.775 

175 

75.8637 

10924.375 

907 

89.7369 

12921.975 

T&bl«  sbowlnir  tbe  total  pressure  agpalBSt  a  Tertleal  pla«e 

one  foot  wide,  extending  from  the  surface  of  the  water  to  the  depth  named  in 
the  first  column. 

Water  at  its  maximum  density,  62.425  lbs  per  cubic  foot  =»  1  gram  per  cil^ 
centimeter,  corresponding  to  a  temperature  of  4°  Cent  =  39.2°  Fahr. 

Total  pressure  in  pounct  =»  31.2126  X  square  of  depth  in  feet. 


Depth. 

Total 
pressure. 

Depth. 

Total 
pressure. 

Depth. 

Total 
pressure. 

Depth. 

Total 
pttmntt 

Feet 

Founds. 

Feet 

Pounds. 

Feet 

Pounds. 

Feet 

Pounds, 

1 

81.21 

17 

9020 

33 

33990 

49 

74941 

2 

124.85 

18 

10113  . 

34 

86082 

50 

78031 

3 

280.9 

19 

11268 

35 

38235 

61 

81184 

4 

499.4 

20 

12485 

36 

40461 

52 

84399 

6 

780.3 

21 

18765 

37 

42730 

63 

87676 

6 

1124 

22 

15107 

38 

45071 

54 

9101S 

7 

1529 

28 

16511 

39 

47474 

55 

94418 

8 

1998 

24 

17978 

40 

49940 

60 

112365 

9 

2528 

25 

19508 

41 

62^8 

65 

131873 

10 

3121 

26 

21100 

42 

55059 

70 

152941 

11 

3777 

27 

22754 

43 

57712 

75 

175570 

12 

4495 

28 

24471 

44 

60427 

80 

199760 

13 

8275 

29 

26260 

45 

63205 

85 

225510 

14 

6118 

30 

28091 

46 

66046 

90 

252821 

15 

7023 

31 

29995 

47 

68948 

95 

281693 

16 

7990 

32 

31962 

48 

71914 

100 

312125   . 
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TABI4E  OF  mSCHAlMIKS  Ilf  CUBW>.  FAST  FBR  Si:€OV» 

GAliIiONfii  P£R  24  H^MJIIS. 

U.  S.  gallon  a  281  oobic  inches. 

Discharge  in  cubic  feet  per  second  « 1.54723  X  discharge  in  mitlUms  of  U.  S.  gal- 
lons per  24  hours. 


Millions 

Millions 

Millions 

Millions 

of  U.  S. 

Cubic  feet 

of  U.  S. 

Cubic  feet 

of  U.  S. 

Cubic  feet 

of  U.  8. 

Cubic  fe«t 

gals,  per 

per  second. 

gals,  per 

per  second. 

gals,  per 

per  second. 

gals,  per 

per  second. 

24hra. 

24hrs. 

24hrs. 

24hra. 

.010 

■  .0154723 

18 

20.1140 

43  ' 

66.5308 

72 

111.400 

.020 

.0309446 

14 

21.6612 

44 

68.0781 

73 

112.948 

.030 

.0464169 

15 

23.2084 

45 

69.6253 

74 

114.495 

.040 

.0618891 

16 

24.7557 

46 

71.1725 

75 

116.042 

.050 

.0773614 

17 

26.3029 

47 

72.7197 

76 

117.589 

.060 

.0928337 

18 

27.8501 

48 

74.2670 

77 

119.137 

.070 

.108306 

19 

29.3973 

49 

75.8142 

78 

120.684 

.080 

.123778 

20 

30.9446 

50 

77.3614 

79 

122.231 

.090 

.139251 

21 

32.4918 

51 

78.9087 

80 

123.778 

.100 

.154723 

22 

34.0390 

62 

80.4559 

81 

125.326 

.200 

.309446 

23 

35.5863 

53 

82.0031 

82 

126.873    , 

.300 

.464169 

24 

37.1335 

54 

83.5503 

83 

128.420 

.400 

.618891 

25 

38.6807 

56 

85.0976 

84 

129.967 

.500 

.773614 

26 

40.2279 

56 

86.6448 

85 

131.514 

.600 

.928337 

27 

41.7752 

57 

88.1920 

86 

133.062 

.700 

1.08:W6 

28 

43.3224 

58 

89.7393 

87 

134.609 

.800 

1.23778 

29 

44.8696 

59 

91.2865 

88 

136.156 

.900 

1.39251 

80 

46.4169 

60 

92.8337 

89 

137.703 

1 

154723 

31 

47.9641 

61 

94.3809 

90 

139.251 

2 

3.09446 

32 

49.5113 

62 

95.9282 

91 

140.798 

4  64169 

33 

55.0585 

63 

97.4754 

92 

142.345 

6.18891 

34 

52.6058 

64 

99.0226 

93 

143.892 

7.73614 

m 

54.1530 

65 

100.570 

94 

145.439 

9.28337 

36 

55.7002 

66 

102.117 

95 

146.987 

10.8306 

37 

57.2475 

67 

103.664 

96 

148.534 

12.3778 

38 

58.7947 

68 

105.212 

97 

150.081 

13.9251 

39 

60.3419 

69 

106.759 

98 

151.628 

It 

15.4723 

40 

61.8891 

70 

108.306 

99 

153.176 

11 

17.0195 

41 

63.4364 

71 

109.853 

100 

154.728 

12 

18.5667 

42 

W.9836 

y  Google 
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WEIGHTS  AND  MEASURES. 


TABIii:  OF  DISCHARGES  Ilf  CUBIC  FEET  PER  SECOHB 
CORRESPOMBIlSrO  TO  «IT£IC  BISCHAROE8  WSf  IH- 
PERIAI.  eAIiliONS  PER  24  H017RS. 

Imperial  gallon  =3  277.274  cubic  inches. 

Discharge  in  cubic  feet  per  second  =>  1.85717  X  discharge  in  Imperial  gallons  per 

24  hours. 


Millions 

Millions 

Millions 

Millions 

of  Imp, 

Cubic  feet 

of  Imp. 

Cubic  feet 

of  Imp, 

Cubic  feet 

of  Imp. 

Cubic  feet 

gals,  per 

per  second. 

gals,  per 

per  Becond. 

gills,  per 

per  second. 

gala,  per 

per  second. 

24hr8. 

24hr3. 

24hr8. 

24hr8. 

.010 

.0185717 

13 

"  24.1432 

43 

79.8583 

72  • 

133.7162 

.020 

.0371434 

14 

26.0004 

44 

81.7155 

73 

136.5734 

.030 

.0557151 

15 

27.8576 

45 

83.5727 

74 

187.4306 

.040 

.0742868 

16 

29.7147 

46 

86.4298 

75 

139.2878 

.050 

.0928585 

17 

31.5719 

47 

87.28/0 

76 

141.1449 

.060 

.111430 

18 

33.4291 

48 

89.1442 

77 

143.0021 

.070 

.130002 

19 

35.2862 

49 

91.0013 

78 

144.8593 

.080 

.148574 

20 

37.1434 

50 

92.8585 

79 

146.7164 

.090 

.167145 

21 

39.0006 

61 

94.7157 

80 

148.5736 

.100 

.185717 

22 

40.8577 

52 

96.5723 

81 

160.4308 

.200 

.371434 

23 

42.7149 

53 

98.4800 

82 

152.2879 

.300 

.557151 

24 

44.5721 

54 

100.2872 

83 

154.1451 

.400 

.742868 

25 

46.4293 

55 

102.1444 

84 

166.0023 

.500 

.928585 

26 

48.2864 

56 

104.0015 

85 

167.8596 

.600 

1.11430 

27 

50.1436 

57 

10n.8.iS7 

86 

159.7166 

.700 

1.30002 

28 

52.0008 

58 

107.7159 

8^ 

161.5738 

.800 

1.48574 

29 

53.8579 

59 

109.57;W 

88 

168.4310 

.900 

1.67145 

30 

55.7151 

60 

111.4302 

89 

165.2881 

1 

1.85717 

31 

57.5723 

61 

113.2874 

90 

167.1453 

2 

3.71434 

32 

59.4294 

62 

115.144=) 

91 

169.0025 

8 

5.57151 

33 

61.2866 

63 

117.0017 

92 

170.8596 

4 

7.42868 

34 

63.1438 

64 

118.S5;J9 

93 

172.7168 

6 

9.28585 

35 

65.0010 

65 

120.7160 

94 

174.5740 

6 

11.1430 

36 

66.8581 

66 

122.5732 

95 

176.4312 

7 

13.0002 

37 

68.7153 

67 

124.4;^ 

96 

178.2883 

8 

14.8574 

38 

70.5725 

68 

126.2876 

97 

180.1455 

9 

16.7145 

39 

72.4296 

69 

128.1447 

98 

182.0027 

10 

18.5717 

40 

74.2868 

70 

130.0019 

99 

183.8698 

11 

20.4289 

41 

76.1440 

71 

181.8591 

100 

185.7170 

12 

22.2860 

42 

78.0011 

y  Google 
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TABIiE  OF  DIS€HAR«M  IM  OAKIMIini  PKR  94  HOITRfl 
CORRESPONDINe  TO  OITJBH  DISCHARGES  IM  CUBIC 
FEET  PER  SECOH D. 

U.  S.  gallon  =  231  cubic  inches.    Imperial  gallon  »  277.274  eabio  inches. 
Discharge   in  U.  8.  gallons  per  24  hours  =-  646817  X  discharge  in  cubic  feet 

per  second. 
Discharge  in  Imperial  gallons  per  24  hours  «  588454  X  discharge  in  cubic  feeft 

per  second. 


Cub.  ft 
per  sec. 

Millions  of 

Millions  of 

Cub.  ft. 

MilUons  of 

Millions  of 

U.  S.  gallons 

Imperial  gallons 

per  sec 

U.  S.  gallons 

Imperial  gallons 

per  24  hours. 

per  24  hours. 

per  24  hours. 

per  24  hours. 

1 

0.646317 

0.588454 

63 

84.254796 

28.688044 

2 

1.292634 

1.076907 

54 

84.901112 

29.076498 

8 

1.938951 

1.615361 

55 

85.547428 

29.614951 

4 

2.585268 

2.158816 

56 

86.193745 

30.153406 

S 

3.231584 

2.692268 

57 

36.840062 

30.691869 

6 

3.877901 

8.230722 

58 

87.486379 

81.280312 

7 

4.524218 

8.769176 

59 

88.132696 

31.768766 

8 

6.170535 

4.307629 

60 

88.779018 

82.307220 

9 

5.816852 

4.846088 

61 

89.425330 

82.845678 

10 

6.463169 

5.384537 

62 

40.071647 

83.384127 

11 

7.109486 

5.922990 

63 

40.717968 

83.922681 

12 

7.755808 

6.461444 

64 

41.864280 

84.461084 

18 

8.402119 

6.999898 

65 

42.010697 

84.999488 

14 

9.048436 

7.538851 

66 

42.656914 

85.537942 

15 

9.694758 

8.076805 

67 

43.303231 

36.076396 

16 

10.341070 

8.615259 
9.158712 

68 

48.949548 

86.614849 

17 

10.987387 

69 

44.595866 

37.153308 

18 

11.633704 

9.692166 

70 

45.242182 

37.691756 

19 

12.280021 

10.280620 

71 

45.888498 

88.280210 

20 

12.926338 

10.769078 

72 

46UJ34816 

88.768664 

21 

13.572654 

11.307527 

73 

47.181132 

89.307117 

22 

14.218971 

11.845981 

74 

47.827449 

89.846571 

28 

14.865288 

12.384434 

75 

48.478766 

40.884025 

24 

15.511605 

12.922888 

76 

49.120083 

40.922478 

25 

16.157922 

18.461342 

77 

49.766400 

41.460982 

28 

16.804289 

18.999795 

78 

50.412717 

41.999886 

27 

17.450556 

14.538249 

79 

51.059034 

42.587889 

28 

18.096873 

15.076702 

80 

61.705350 

43.076298 

29 

18.743190 

15.615156 

81 

52.351667 

43.614746 

80 

19.389506 

16.153610 

82 

62.997984 

44.153200 

81 

20.035823 

16.692068 
17.233517 

83 

63.644301 

44.691654 

82 

20.682140 

84 

64.290618 

45.280107 

88 

21.328457 

17.768971 

85 

64.936936 

46.768561 

84 

21.974774 

18.307424 

86 

65.583252 

46.307015 

85 

22.621091 

18.845878 

87. 

66.229569 

46.845468 

86 

23.267408 

19.384332 

88 

66.875885 

47..S83922 

87 

23.913725 

19.922785 

89 

87.522202 

47.922876 

88 

24.560041 

20.461239 

90 

58.168519 

48.460829 

89 

25.206358 

20.999698 

91 

68.814836 

48.999288 

40 

25.852675 

21.538146 

92 

69.461158 

49.587717 

41 

26.498992 

22.076600 

93 

60.107470 

60.076190 

42 

27.145309 

22.616054 

94 

60.753787 

60.614644 

48 

27.791626 

28.153507 

95 

61.400104 

61.153098 

44 

28.437943 

28.691961 

96 

62.046420 

51.691561 

45 

29.084260 

24.230415 

97 

62.692737 

62.230006 

46 

29.730576 

24.768868 

98 

63.339064 

52.768459 

47 

80.876898 

25.307322 

99 

63.985371 

63.306912 

48 

81.023210 

25.845776 

100 

64.631688 

63.845366 

49 

81.669527 

26.384220 

101 

65.278006 

64.383820 

50 

82.315844 

26.922683 

102 

65.924322 

64.922278 

«1 

82.962161 

27.461137 

103 

66.570639 

65.460727 

«2 

83.608478 

27.999590 

104 

67.216954- 
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WraOHTS  AHD  UEAS0BB8. 


TABIiE  OF  MSCHARQSS  (Oontlmied). 

Onb.  ft. 

Millions  of 

Millions  of 

Onb.  ft 

SUUiOBSOf 

MIlUoMoC 

per  sec. 

U.  S.  gallons 

Imperial  gallons 

per  sec. 

U.  S.  gallons 

Imperial  gallons 

per24hoiic8. 

per  24  hours. 

per  24  boors. 

per  24  hours. 

105 

67.863272 

56.537684 

167 

107.984919 

89.921761 

IM 

68.509589 

57.076088 

168 

106.681286 

fO.40O8lflf 

107 

69.155906 

57.614642 

169 

109.227553 

90.998669 

108 

69.802223 

68.162995 

170 

109.873870 

91.537122 

109 

70.448540 

68.691449 

171 

110.520186 

92.075576 

110 

71.094857 

59.229908 

172 

111.166603 

92.614030 

111 

71.741174 

69.768866 

178 

111.812820 

93.152488 

112 

7?.387491 

60.306810 

174 

112.459137 

93.698987 

113 

78.083807 

60.845264 

175 

113.106454 

94.229391 

114 

73.680124 

61.383717 

176 

113.761771 

94.767844 

115 

74.326441 

6022171 

177 

114.398088 

96.806298 

116 

74.972758 

62.460629 

178 

116.044405 

95.844751 

117 

75.619075 

62.999078 

179 

115.690722 

96.883206 

118 

76.266392 

63.537532 

180 

116.337038 

96.921669 

119 

76.911709 

64.075986 

181 

116.983355 

97.460112 

190 

77.658026 

64.614439 

182 

117.629672 

97.998566 

121 

78.204342 

66.152893 

188 

118.276989 

98.537020 

122 

78.850669 

66.691347 

184 

118.922306 

99.075478 

123 

79.496976 

66.229800 

186 

119.668H23 

99.613927 

124 

80.143298 

66.768264 

186 

120.214940 

100.152381 

125 

80.789610 

67.306708 

187 

120.861257 

100.690834 

126 

81.486927 

67.846161 

188 

121.507573 

101.22928B 

127 

82.082244 

68.383615 

189 

122.158890 

101.7677« 

128 

82.728661 

68.922068 

190 

122.800207 

102.806196 

129 

83.374878 

69.460522 

191 

123.446524 

102.844649 

180 

84.021194 

69.998976 

192 

124.092841 

103.883103 

181 

84.667611 

70.537429 

193 

124.739158 

103.921556 

182 

85.313828 

71.075883 

194 

125.H8M75 

104.460010 

183 

85.960145 

71.614337 

195 

126.031792 

105.098464 

184 

86.606462 

72.162790 

196 

126.678108 

105.536917 

135 

87.252779 

72.691244 

197 

127.324425 

106.075371 

136 

87.899096 

73.229698 

198 

127.970742 

106.613826 

187 

88.546418 

73.768151 

199 

128.6170.'S9 

107.162278 

188 

89.191729 

74.306605 

200 

129.263376 

107.690782 

189 

89.838046 

74.846059 

201 

129.909693 

108.229186 

140 

90.484368 

75.383612 

202 

180.556010 

108.767689 

141 

91.130680 

76.921966 

208 

181.202327 

109.306093 

142 

91.776997 

76.460420 

204 

181.848644 

109.844547 

143 

92.423314 

76.996873 

205 

182.494960 

110.883000 

144 

93.069631 

77.537327 

206 

183.141277 

110.921454 

146 

93.715948 

78.076781 

207 

183.787594 

111.459908 

146 

94.362264 

78.614234 

208 

184.438911 

111.998361 

147 

95.008581 

79.162688 

209 

185.080228 

112.636816 

148 

95.664898 

79.691142 

210 

185.726545 

113.075269 

149 

96.301215 

80.229695 

211 

186.372862 

113.613722 

150 

96.947532 

80.768049 

212 

187.019179 

114.152176 

151 

97.593849 

81.306603 

213 

187.665495 

114.690630 

1521 

98.240166 

81.844956 

214 

138.311812 

115.229088 

158 

98.886488 

82.388410 

215 

138.958129 

115.767587 

154 

99.582800 

82.921864 

216 

139.604446 

116.805991 

156 

100.179116 

83.460317 

217 

140.250763 

116.844444 

156 

100.826438 

83.998771 

218 

140.897080 

117.882806 

157 

101.471750 

84.637225 

219 

141.648397 

117.921352 

158 

102.118067 

85.075678 

220 

142.189714 

118.469806 

159 

102.764384 

85.614132 

221 

118.99809 

160 

103.410701 

86.152686 

222 

143.482347 

119.636718 

161 

104.057018 

86.691039 

228 

144.128664 

120.076166 

162 

104.703336 

87.229498 

224 

144.774981 

120.618690 

168 

105.349651 

87.767947 

225 

146.421298 

121.152074 

164 

ia5.995968 

88.3<»6400 

226 

146.067615 

121.690527 

166 

106.642285 

88.844864 

227 

146.713932 

122  2289SI 

166 

107.288602 

89.388308 

228 

l1g'«v^Gd 
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TABI.E  OF  DISCHABOES  (Continued). 

Oab.tt 

MilliODtof 

HUUoBSor 

Oub.  ft 

MUUonsof 

MilUsosof 

per  sec. 

U.  S.  gallons 

Imperial  gallons 

per  sec. 

U.S.  gallons 

Imperial  gallou 

per  24  hoara. 

p«r  24  hoars. 

p«r24koui*. 

per  24  hours. 

229 

148.006666 

128.805888 

240 

155.116051 

129.228878 

230 

148.662882 

123.844842 

241 

155.762868 

129.767832 

231 

149.299199 

124.882795 

242 

156.408685 

180.805786 

282 

149.945516 

124.921249 

248 

157.085002 

180.844239 

288 

150J»1888 

125.459708 

244 

16T.701819 

181J82698 

284 

151.288156 

125.998156 

245 

158.847686 

181.921147 

285 

151.884467 

126586610 

246 

158.998962 

182.459600 

236 

152.530784 

127.075064 

247 

159.640269 

131998054 

287 

153.177101 

127.613517 

248 

100.286586 

183.536508 

288 

163.823417 

128.161971 

2« 

160.932908 

184.074961 

fiS9 

154.469784 

128.690425 

250 

161.579220 

184.618410 

60  seconds,*!  marked  s,  s  i  minute 
60  mioutMit       "      w, «-  1  hour  «>  8600  aeeoBda 
24  bours,  "       h, »  1  day    *-  1440  minutM  «>  86400  seconds 

7  days,  "        d,  =  1  week  »  168  hours       «=  10080  minutes 


▲RO  .       TlMB 

!<>  =>  4  minutes 
1'  3a  4  eeoeads 
1^»  0X166..  second 


Tins         Asc 
24  hours    «  3600 
1  hour     «^   IIP 
1  minute  ^     0®  16' 
1  second  =«     0*  O'  15" 

Methods  of  reekonlns:  time.  Aatronoiuers  distinguish  between  mean 
solar  time,  true  or  apparent  solar  time,  and  sidereal  time. 

At  a  standArd  meridian  (see  page  267)  mean  nolar  time  is  the  same  as 
ordinary  dock  time.  At  any  point  not  on  a  standard  meridian,  «tamfar(<  time 
is  the  local  mean  solar  time  of  the  meridian  adopted  as  standard  for  such  point ; 
and  iocal  time  is  =  time  at  a  standard  meridian  phu  correction  for  longitude 
flpom  that  meridian  if  the  place  is  f^ut  of  the  meridian,  and  vice  vtrsa.  For  the 
amount  of  such  correction,  see  second  table  aboTe.  A  true  or  apparent 
solar  day  is  the  interval  of  time  between  two  successive  culminations  of 
the  sun,  i.e.,  between  two  successive  transits  or  passages  of  the  sun  across  the 
meridian  of  the  same  point  on  the  earth ;  but,  since  these  intervals  are  unequal, 
thev  do  not  correspond  with  the  uniform  movement  of  clock  time.  A  fictitioui 
or  imaginary  sun,  called  the  "mean  sun,"  is  therefore  supposed  to  move  along 
the  equator  in  such  a  way  that  the  interval  between  its  culminations  is  con- 
stant.  This  interval  is  called  a  day,  or  mean  solar  day,  and  is  the  average  of  the 
lengths  of  all  the  apparent  solar  days  in  a  vear.  Apparent  and  mean  time 
agree  at  four  points  in  the  year,  viz.,  about  tne  middle  of  April  and  of  June, 
September  1  and  December  24.  The  sun  is  sometimes  behind  and  sometimes 
in  advance  of  the  mean  sun,  and  is  called  "slow  "  or  "  fast "  accordingly.  The 
sun  is  *'slow"  in  winter,  the  maximum  l>eing  about  February  II,  when  it  paases 
any  standard  meridian,  or  **  souths'^  (making  apparent  noon),  about  14m.  28s, 
afltr  noon  by  a  correct  clock.  The  sun  is  "  fast,"  or  in  advance  of  the  clock,  in 
May  and  in  the  fell,  with  a  maximum,  about  November  2,  of  about  16m,  20s. 

The  diflTerence  between  apparent  and  mean  time  is  called  the  equation  of 
tlnte.  It  can  be  obtained  from  the  Nautical  Almanac,  or,  approximately,  by 
taking  the  mean  between  the  times  of  sunrise  and  sunset,  as  given  in  ordinary 
almanaes. 

As  $olar  time  is  measured  by  the  apparent  daily  motion  of  tlie  mn^  so  sidereaX 
time  is  measured  by  that  of  the  fixed  «tor«,  or,  more  strictly  speaking,  by  the 
motion  of  the  vernal  equinox  which  is-  the  point  where  the  sun  crosses  the 
equator  in  the  spring. 

*  The  second  was  formerly  divided  into  60  equal  parts  called  thirds  (marked 
"0 ;  but  it  Is  now  divided  decimally. 

t  The  old  and  confusing  practice  of  designating  minutes,  seconds  and  thirds 
of  time  (see  footnote  *)  as  %  "  and  '",  is  no  longer  in  vogue.  Davs,  hours,  min- 
utes and  seconds  are  now  designated  by  d,  h,  m,  and  s,  respectively,  thus:  2d, 
20h,  48m,  55.43  s.,  and  the  symbols '  and  "  designate  minutes  and  seconds  of  are. 
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TIME. 

A  sidereal  day  is  the  interval  of  time  between  two  successive  passages  of 
the  vernal  equinox  (or.  practically,  of  any  star)  past  the  meridian  of  a  given 

K)int  on  the  earth.    It  is,  practically,  the  time  required  for  one  complete  revo- 
ition  of  the  earth  on  its  axis,  relatively  to  the  stars. 

The  length  of  the  aideral  day  is  23  h,  56  m,  4.U9  s,  of  mean  solar  time,  or  3  m, 
55.91  8  of  mean  solar  time  less  than  the  mean  solar  day  of  24  hours.  In  other 
words,  a  star  will,  on  any  night,  appear  to  set  3  m,  65.91  s  earlier  by  a  correct 
clock  than  it  did  on  the  preceding  night.  Hence,  substantially,  the  number  of 
sidereal  days  in  a  year  is  greater  by  1  than  the  number  of  solar  days. 

The  sidereal  day,  like  the  solar  day,  is  divided  into  24  hours.  These  hours 
are,  of  course,  shorter  than  those  of  tne  solar  day  in  the  same  proportion  as  the 
sidereal  day  is  shorter  than  the  solar  day.  They  are  counted  from  0  to  24,  com- 
mencing with  sidereal  noon,  or  the  instant  when  the  vernal  equinox  passes  the 
upper  meridian. 

Tbe  «iTll  day  (=  24  hours  of  clock  or  mean  solar  time)  commences  at  mid- 
night ;  and  tlie  astronomical  solar  day  at  noon  on  the  civil  day  of  the 
same  date.  Thus,  on  a  standard  meridian,  Thursday,  May  9,  2  ▲.  m.  civil  time, 
is  Wednesday,  May  8,  14  h,  astronomical  time ;  but  Thursday,  May  9,  2  p.  m., 
civil  time,  is  Thursday,  May  9,  2  h,  astronomical  time. 

Tbe  cItII  montn  is  the  ordinary  and  arbitrary  month  of  the  calendar, 
varying  in  length  from  28  to  31  mean  solar  days. 

A  ■Idereal  montli  is  the  time  required  for  the  moon  to  perform  an  entire 
revolution  with  reference  to  the  stars,  its  mean  length,  in  mean  solar  time,  is 
about  27  d,  7  h,  43  m,  12  s. 

A  Innatlon,  or  synodic  montli  is  the  time  from  new  moon  to  new 
moon.    Its  mean  length  is  about  29  d,  12  h,  44  m,  3  s. 

Tbe  tropical  or  natural  year  is  the  time  during  which  the  earth 
describes  the  circuit  from  either  equinox  to  the  same  again.  Its  mean  length, 
in  mean  solar  time,  is  now  about  365  d,  5  h,  48  m,  49  s. 

Tbe  sidereal  year  is  the  time  during  which  the  earth  describes  its  orbit 
with  reference  to  the  stars.  Its  mean  length,  in  mean  solar  time,  is  about  365 
d,  6  h,  9  m,  10  s. 

The  civil  year  is  that  arbitrary  or  conventional  and  variable  division  of 
time  comprised  between  the  1st  of  .January  and  the  Slst  of  the  following  Decem- 
ber, both  inclusive.  It  contains  ordinarily  365  mean  solar  days  of  24  hours,  but 
each  year  whose  number  is  divisible  by  4  contains  366  days,  and  is  called  a  leap 
year,  except  that  those  years  whose  numbers  end  in  00  and  are  not  multiples 
of  400  are  not  leap  years. 

To  regnlate  a  watch  by  the  stars.  The  author,  after  having  regu- 
lated his  chronometer  for  a  year  by  this  method  only,  differed  but  a  few  seconds 
from  the  actual  time  as  deduced  from  careful  solar  observations.  Select  a 
window,  facing  west  if  possible,  and  commanding  a  view  of  a  roof-crest  or  other 
fixed  horizontal  line,  preferably  about  40^  above  the  horizon,  in  order  to  avoid 
disturbance  due  to  refraction,  and  distant  say  50  feet  or  more.  Note  the 
time  when  any  bright  fixed  star  (not  a  planet)  passes  the  range  formed  between 
the  roof,  etc.,  and  any  fixed  horizontal  line  about  the  window  frame,  as  a  pin 
fixed  in  either  jamb.  The  sight  in  the  window,  and  the  watch,  must  be  illumi- 
nated. The  star  will  paas  the  range  3  ra.  55.91  s.  earlier  on  each  succeeding 
evening.  Those  stars  which  are  nearest  the  equator  appear  to  move  the  fastest, 
and  are  therefore  best  suited  to  the  purpose.  If  the  first  observation  of  a  given 
star  he  made  as  late  as  midnight,  that  same  star  will  answer  for  about  three 
months,  until  at  last  it  will  begin  to  pass  the  range  in  daylight.  Before  this 
happens,  transfer  the  time  to  another  star  which  sets  later.  By  thus  tabulating, 
throughout  the  year,  about  half  a  dozen  stars  which  follow  each  other  ai 
neatly  equal  intervals  of  time,  we  may  provide  a  standard  by  means  of  which 
correct  cluck  time  may  he  ascertained  on  any  clear  night.  Experimenting  in 
this  way  with  two  of  the  best  chronometers,  the  author  found  that  their 
rates  varied,  at  times,  as  much  as  from  three  to  eight  seconds  per  day. 

An  average  man  takes  two  »it«pj4  (one  right,  one  left)  per  second. 
Hence,  march  music  usually  takes  one  second  per  measure  (or  "bar").  Modern 
watches  usually  tick  five  times,  and  clocks  either  one,  two,  or  four  times, 
per  second. 
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STAHBARO  RA1I.WAT  TIME,  AIM>PTi:i>  1888. 

The  following  arrangement  of  ftandard  time  was  recommended  by  the  General 
and  Southern  Time  Conventions  of  the  railroads  of  the  United  States  and  Canada, 
held  respectiyely  in  St.  Louis,  Mo.,  and  New  York  city,  April,  1888,  and  in  Chicago, 
111.,  and  New  York  city,  in  October,  1883,  and  went  into  effect  on  most  of  the  rail- 
roads of  the  United  8tt^  and  Canada,  November  18th,  1888.  Most  of  the  principal 
cides  of  the  United  States  have  made  their  respective  local  timet  to  correspond  with 
it.  This  system  was  proposed  by  Mr.  W.  F.  Allen,  Secretary  of  the  Time  Conven- 
tions, and  its  adoption  was  largely  due  to  his  efforts.  We  m'c  indebted  to  Mr.  Allen 
for  documents  from  which  the  following  has  been  condensed.  Five  standards  of  tim«^ 
or  five  "  times,"  have  been  adopted  for  the  United  States  and  Canada.  These  are, 
respectively,  the  mean  times  of  the  60th,  75th,  90th,  106th,  and  120th  meridians  west 
of  Greenwich,  England.  As  each  of  these  meridians,  in  the  above  order,  is  16°  «-est 
of  its  predecessor,  its  time  is  one  hour  slower.  Thus,  when  it  is  noon  on  the  90th 
meridian,  it  is  1  p.  m.  on  the  75th,  and  11  a.  m.  on  the  106th.  The  following  gives 
the  name  adopted  for  the  standard  time  of  each  meridian,  and  the  conventional 
color  adopted,  and  uniformly  adhered  to,  by  Mr.  Allen,  for  the  purpose  of  designat- 
ing it  and  its  time,  Ac,  on  the  maps  published  under  his  auspices: 


Longitude  west 
from  Greenwich. 

Name  of 
Standard  Time. 

Oonventional 
color. 

760 
90O 
lOiO 
17KP 

Intercolonial. 

Eastern. 

Central. 

Mountain. 

Pacific. 

Brown. 

Bed, 

Blue. 

Green. 

Yellow. 

Theoretically,  each  meridian  may  be  said  to  give  the  time  for  a  strip  of  countiy 
15°  wide,  running  north  and  south,  and  having  the  meridian  for  its  center.  Thus 
thfi  meridian  on  which  the  change  of  time  between  two  standard  meridians  is  sup- 
posed to  take  place,  lies  half-way  between  them.  But  it  would,  of  course,  not  be 
practicable  for  the  railroads  to  use  an  imaginary  line  in  passing  from  one  time 
standard  to  another.  The  changes  are  made  at  prominent  stations  forming  the  ter- 
mini of  two  or  more  lines;  or,  as  in  the  case  of  the  long  Pacific  roads,  at  the  ends 
of  divisions.  As  far  as  practicable,  points  at  which  changes  of  time  bad  previously 
been  made,  were  selected  as  the  changing  points  under  the  new  system.  Detroit, 
Mich.,  Pittsburgh,  Pa.,  Wheeling  and  Parkersburg,  W.  Ta.,  and  Augusta,  Oa.,  al- 
though not  situated  upon  the  same  meridian,  are  points  of  change  between  eastern 
and  central  standard  times.  A  train  arriving  at  Pittsburgh  from  the  east  at  noon, 
and  leaving  for  the  west  10  minutes  after  its  arrival,  leaves  (by  the  figures  shown 
upon  its  time-table,  and  by  the  watches  of  its  train  hands)  not  at  10  minutes  after 
12jj)ut  at  10  minutes  after  11. 

The  necessity  for  making  tlie  changes  of  time  at  principal  points,  instead  of  on  a 
true  meridian  line,  necessitates  also  some  "  overlapping "  of  the  times,  or  of  their 
colors  on  the  map.  Thus,  most  of  the  roads  between  Buffalo  and  Detroit,  on  the 
north  side  of  Lake  Erie,  ran  by  ''eastern,"  or  '*red,**  time;  while  those  on  the  south 
side  of  the  Lake,  between  Buffalo  and  Toledo,  immediately  opposite  to  and  directly 
south  of  them,  run  b^  **  central "  or  *'  blue  "  time. 

If  the  changes  of  time  were  made  at  the  meridians  midway  between  the  standard 
ones,  it  would  not  be  necessary  for  any  town  to  change  its  time  more  than  3P  min- 
utes. As  it  is,  somewhat  greater  changes  had  to  be  made  at  a  few  points.  Thus, 
standard  time  at  Detroit  is  32  minutes  abead,  and  at  Savannah  86  minutes  back,  of 
mean  local  time. 

In  most  cases  the  necessary  change  was  made  upon  the  railways  by  simply  setting 
clocks  and  watches  ahead  or  back  the  necessary  number  of  minutes,  and  without 
making  any  change  in  time-tables. 

Halifax,  and  a  few  adjacent  cities,  use  the  time  of  the  60th  meridian,  that  being 
the  nearest  one  to  them ;  but  the  railroads  in  the  same  district  have  adopted  the 
76th  meridian,  or  eastern,  time ;  so  that,  for  railroad  purposes,  intercolonial  time 
has  never  come  into  force. 

In  1873  there  were  71  time  standards  in  use  on  the  railroads  of  the  United  States 
and  Canada.  At  the  time  of  the  adoption  of  the  present  system  this  number  had 
been  reduced,  by  consolidation  of  roads,  Ac,  to  .'^3.  By  its  adoption,  the  number  be- 
came 5,  or,  practically,  4,  owing  to  the  adoption  of  eastern  time  by  the  intercolouiaj 
roads,  as  already  explained.  ^,g,  ,^^^  ^^  GoOglc 
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DliLLmO. 


To  mAke  a  borlxontal  Snn-dial, 

Draw  a  line  a  b ;  and  at  right  angles  to  it,  dra\r  66.  From  any  convenient  point,  aa  c, 
in  a  6,  draw  the  perp  e o.  Make  the  angle  cao  equal  to  the  lat  of  the  place ;  alao 
the  angle  e  o  e  equal  to  the  same ;  Join  o  e.  Make  e  n  equal  to  o  e;  and  from  n  aa  a 
center,  with  the  rad  en,  describe  a  quadrant  e  «;  and  diy  ft  into  0  equal  parts.  Draw  « 
y,  parallel  to  6,  6;  and 
from  n,  through  the  6  ^  DIA  L 

Soints  on  the  quadrant,  "/ — — s^ 

raw  lines  n  t^n  tV  Ac, 
terminating  in  e  y.  From 
a  draw  lines  ab^a^,  Ac, 
passing  through  I,  i^  Ac. 
From  any  conrenient 
point,  as  c,  describe  an 
arc  r  m  A,  as  a  kind  of  fin- 
ish or  border  to  half  the 
dial.  All  the  lines  may 
now  be  effnced.  except 
the  hour  lines  a  6,  a  6, 
a  4,  Ac,  to  a  12,  or  a  A ; 
unless,  as  is  generally 
the  case,  the  dial  is  to 
be  divided  to  quarters 
of  an  hour  at  least.  In 
this  case  each  of  the 
divisions  on  the  quad- 
rant e  s,  must  be  subdivided  into  4  equal  parts;  and  lines  drawn  from  n,  through 
tlie  points  of  subdivision,  terminating  in  ey.  Tlie  quarter-hour  lines  must  be  drawn 
from  a,  as  were  the  hour  lines.  Subdivisions  of  5  min  may  be  made  In  the  same 
way ;  but  these,  as  well  as  single  min,  may  usually  be  laid  off  around  the  border,  by 
eye.  About  8  or  10  times  the  size  of  our  Fig  will  be  a  convenient  one  for  an  ordi- 
nary dial.  To  draw  the  other  half  of  the  Fig,  make  a  d  equal  to  the  intended  thick- 
neiss  of  the  gnomon,  or  style,  of  the  dial ;  and  draw  d  12,  parallel,  and  equal  to  a  12 ;  and 
draw  the  arc  x^  w,  precisely  similar  to  the  arc  r  m  h.  Between  x  and  to,  on  the  arc  xg  w, 
space  off  divisions  equal  to  those  on  the  arc  r  m  h ;  and  number  them  for  the  hours, 
as  in  the  Fig.  The  style  F,  of  metal  or  stone,  (wood  is  too  liable  to  warp,)  will  be 
triangular;  its  thickness  must  throughout  be  equal  to  a  d  or  A  to;  its  base  must 
cover  the  apace  adhw.  Its  point  will  be  at  a  d ;  and  its  perp  height  h  u,  over  h  w, 
must  be  such  that  lines  ud,  wa,  drawn  from  its  top,  down  to  a  and  d,  will  make  the 
angles  uah^vdw,  each  equal  to  the  lat  of  the  place.  Its  thickness.  If  of  metal,  may 
conveniently  be  from  l/gtol^,  inch ;  or  if  of  stone,  an  inch  or  two,  or  more,  according 
to  the  size  of  the  dial.  Usually,  for  neatness  of  appearance,  the  back  huvw  of  the 
style  is  hollowed  inward.  The  upper  edges,  ua,  vd,  which  cast  the  shadows,  must 
be  sharp  and  straight.  The  dial  must  be  flxed  in  place  hor,  or  perfectly  level;  ah 
and  d  w  must  be  placed  truly  north  and  south  ;  a  d  being  south,  and  h  w  north.  The 
dial  gives  only  sun  or  solar  time;  but  clock  time  can  be  found  by  means  of  the  "fast 
or  slow  of  the  sun,^'  as  given  by  all  almanacs.  If  by  the  almanac  the  sun  is  5  min, 
Ac,  fast,  the  dial  will  be  the  same ;  and  the  clock  or  watch,  to  be  correct,  most  be  S 
min  slower  than  it ;  and  vice  versa. 

To  make  a  Tertieal  Snn-Dlal. 

Proceed  as  directed  above, except  ihat  the  angles  cao  and  eoe  on  thedrnwinir, 
and  the  angle  uah  or  vdw  of  the  style,  must  be  equal  to  the  co-latitude  (=  dif- 
ference between  the  latitude  and  90^)  of  the  place,  and  the  hours  must  be  num- 
bered the  opposite  wav  from  those  in  the  above  figure ;  i  e„  from  A  to  y  number 
12, 11, 10,  9,  8,  7 ;  and  from  wio  g  number  12. 1, 2,  3,  4,  5.  The  dial  plate  must  be 
placed  vertically,  In  the  position  shown  in  the  figure,  facing  exactly  south,  and 
with  a  h  and  dw  vertical. 
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BOABD  MEASUBE. 


]|«iiiarlK  oa  IMa^wlnir  table. 

Rli  esay  to  find  for  greater  sizes;  thn?!.  fr.T  ptv-^ 
be  twice  that  wf  »  piece  of  ly  liv  1 1 , 
tliatof  10».4  by  22  added  to  ttiat  or  n  i  ,   .'  .     i    :-.: 
I  foot  iquare  and  I  iuch  thick,  or  to  144  cub  ius. 


Th*  taMe  eztoftdt  to  19  Ins  bv  24  ins,  but 

•"■1?,  Tlif  r.nnri  meMUrt  In  a  plPcr-  --.f  1!>  t-.t  T2,  will 
!  uieas;  or  thmt  '  '  vill  be 

I    f-  li..,,ii        :i,..','y.      A  footof  buaj   !   1    ■    !  -  .-.  c.iiiai  to 
Hence  1  cubft  =  15fl  board  meas. 


5. 

Fset  of  Board  Measore  contafaed  In  one  mooing  fool  of  ScaoUlogi 

ii 

of  different  dimenaioai 

.     (Original.) 

|S 

1000  ft  board 

measure 

=  83JicubrL 

TH 

ICKNI 

3SS  IN  INCH 

ES. 

P 

1 

IM 

IH 

iH 

2 

2K 

2H 

m 

3 

FtBd.M. 

Ft.Bd.M. 

Ft.  Bd.H. 

Ft.Bd.M. 

FtBd.M. 

Ft.  Bd.M. 

FtBdM. 

FtBd.M. 

H 

.0208 

.0260 

.0313 

.0365 

.0417 

.0469 

.0521 

,0673 

,0625 

1 

H 

.0417 

.0521 

.0625 

.0729 

.0633 

.0938 

.1042 

.1146 

.1250 

H 

.0625 

.0781 

.0938 

.1094 

.1250 

.1406 

.1563 

.1719 

.1876 

1. 

.0^3 

.1042 

.1250 

.1458 

.1667 

.1875 

.2083 

.2292 

.2600 

.10i2 

.1302 

.1563 

.1823 

.2083 

.2344 

.2604 

,2866 

.3126 

H 

2 

u 

.1250 

.1563 

.1875 

.2188 

2500 

.2813 

.3125 

,3438 

.3750 

1^ 

.1458 

.1823 

.2187 

.2552 

.2917 

.3281 

.3«46 

.4010 

.4375 

s. 

,1667 

.2083 

.2500 

.2917 

.3333 

.3750 

.4166 

.4683 

.5000 

M 

.1875 

.2344 

.2813 

.3281 

.3750 

.4219 

.4688 

.5166 

.5626 

3, 

H 

.2083 

.2604 

.3125 

.3646 

.4167 

.4688 

.5208 

.5729 

,6250 

H 

.2292 

.2865 

.3438 

.4010 

.4683 

.5166 

.5729 

.6302 

,6876 

1. 

,2500 

.3125 

.3750 

.4375 

.5000 

.5625 

.6250 

.68T5 

.7500 

^ 

.2708 

.3385 

.4063 

.4739 

.5416 

.6094 

.6771 

.7448 

.8125 

J- 

i. 

H 

.2917 

.3646 

.4375 

.5104 

.5833 

.6563 

.7292 

,8021 

.8750 

H 

.8125 

.3906 

.4689 

.54^ 

,6250 

.7031 

.7813 

.8694 

.9375 

i. 

.3333 

.4167 

.5000 

.5833 

.666T 

.7600 

.8333 

.9167 

1.000 

H 

'.3542 

.4427 

.5312 

.6196 

.7083 

.7969 

.8854 

.9740 

1.063 

5. 

H 

.3750 

.4688 

.5625 

.6563 

.7500 

.8438 

.9375 

1.031 

1.125 

H 

.3958 

.4948 

.5938 

.6927 

.7917 

.8906 

.9896 

1.086 

1.188 

ft. 

,4167 

.5208 

.6250 

.7292 

.8333 

.9375 

1.042 

1.146 

1.250 

.4375 

.5469 

.6563 

.7656 

.8750 

.9844 

1.094 

1.203 

1.31S 

6. 

^ 

.4583 

.5729 

.6875 

.8020 

.9167 

1.031 

1.146 

1.260 

1.376 

^ 

.4792 

.5990 

.7188 

.8385 

.9583 

1.078 

1.198 

1.318 

1.438 

c 

.5000 

.6250 

.7500 

.8750 

1.000 

1.125 

1.250 

1.375 

1.500 

H 

.6208 

.6510 

.7813 

,9115 

1.042 

1.172 

1.302 

1.433 

1.563 

^ 

.5417 

.6771 

.8125 

.9479 

1.083 

1.219 

1.354 

1.490 

•1.625 

V 

.5625 

.7031 

.8438 

.9844 

1.125 

1.266 

1.406 

1.547 

1.688 

t. 

.5833 

.7292 

.875f> 

1.021 

1.167 

1.312 

1.468 

1.604 

1.760 

^ 

.6042 

.7552 

.9063 

1.057 

1.208 

1.359 

1.510 

1.661 

1.818 

1 

.6250 

.7813 

.9375 

1.094 

1.250 

1.406 

1.563 

1.719 

1.876 

« 

.6458 

.8073 

.9688 
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6.417 

6.646 

6.876 

11. 

5.156 

5.391 

5.625 

5.859 

6.094 

6.328 

6.563 

6.797 

7.031 

^ 

5.271 

5.510 

5.750 

5  990 

6.229 

6.469 

6.708 

6.948 

7.188 

12. 

5.385 

5.630 

5.875 

6.120 

6.365 

8.609 

6.854 

7.099 

7.344 

H 

5.500 

5.750 

6.000 

6.250 

6.500 

6.750 

7.000 

7.250 

7.50O 

12. 

'    Ji 

5.729 

5.990 

6.250 

6.510 

6.771 

7.031 

7.292 

7.552 

7,813 

« 

13. 

5.958 

6.229 

6.500 

6.771 

7.042 

7.313 

7.583 

7.854 

8.125 

13. 

^ 

6.188 

6.469 

6.750 

7.031 

7.313 

7.594 

7.875 

8.156 

8.438 

H 

14. 

6.417 

6.708 

7.000 

7.292 

7.583 

7.875 

8.167 

8,458 

8.750 

14. 

H 

6.646 

6.948 

7.250 

7.552 

7.854 

8.156 

8.458 

8.760 

9.063 

,« 

15. 

6.875 

7.188 

7.500 

7.812 

8.125 

8.438 

8.750 

9.063 

9.375 

16. 

H 

7.104 

7.427 

7.750 

8.073 

8.396 

8.719 

9.042 

9.365 

9.688 

H 

16. 

T.333 

7.667 

8.000 

8.333 

8.667 

9,000 

9.333 

9.667 

10.00 

16. 

K 

7.563 

7.906 

8.250 

8.594 

8.938 

9.281 

9,625 

9.969 

10.31 

H 

17^ 

7.792 

8.146 

8.500 

8.854 

9,208 

9,563 

9.917 

10.27 

10.63 

17. 

H 

8.021 

8.585 

8.750 

9.115 

9.479 

9.844 

10.21 

10,57 

10.94 

H 

18 

8.250 

8,625 

9.000 

9.375 

9.750 

10.13 

10.50 

10.88 

11.25 

18. 

19. 

8.708 

S.104 

9.500 

9.896 

10.29 

10.69 

11.08 

11.48 

11.88 

19. 

20. 

9.167 

9.583 

10.00 

10.42 

10.83 

11.25 

11.67 

12.08 

12.50 

20. 

21. 

9.625 

10.06 

10.50 

10.94 

1  11.38 

11.81 

12.26 

12.69 

13.13 

21. 

33. 

10.08 

10.54 

11.00 

11.46 

11.92 

12.38 

12.88 

13.29 

13.75 

23. 

23. 

10.54 

1 1 .02 

11.50 

n,<)8 

112.46 

12  94 

13.42 

13,90 

It.SS 

23, 

24. 

11.00 

11.50 

12.00 

12.50 

13.00 

1 13,50 

14.00 

14.50 

15.00 

24. 
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Table  of  Board  Measnro  •--(CcntiAiMd.) 


ll 

Peet  of  Board  Meamre  contained  In  one  ranning  foot  of  Soantlinga 

fl    . 

of  different  dimenoionB 

.     (Original.) 

5J 

^0 

TI 

tICKN 

BSB  IN 

INCH 

ES. 

ga 

75i 

8 

8^ 

m 

^H 

9 

W* 

m 

m 

vt.hd.vi. 

Ft.lld.M. 

FtBd.M. 

FLBd.M. 

Ft.Bd.M. 

Ft.Bd.M. 

Ft.Bd.M. 

FtBd.M. 

Ft.Bd.M. 

H 

.1615 

.1667 

.1719 

.1771 

.182;^ 

.1875 

.1927 

.1979 

.2031 

}i 

M 

.322» 

.8333 

.3438 

.3542 

.3646 

,3750 

.8854 

.3958 

.4063 

^ 

H 

.4844 

.5000 

.5156 

.5313 

!5467 

.6625 

.6781 

.5938 

.6094 

H 

1. 

.6468 

.6667 

.6875 

.7083 

.7292 

.7600 

.7708 

.7917 

.8125 

1. 

M 

.8073 

.8333 

.8694 

.8854 

.9115 

.9375 

.9635 

.9896 

1.016 

% 

H 

.9688 

1.000 

1.031 

1.063 

1.094 

1.125 

1.166 

1.188 

1.219 

^ 

H 

1.130 

1.167 

1.203 

1.240 

1.276 

1.313 

1.349 

1.385 

1.422 

H 

i. 

1.292 

1.333 

1,375 

1.417 

1.468 

1.500 

1.542 

1.683 

1.625 

2. 

1.4&3 

1.500 

1.547 

1.594 

1.641 

1.688 

1.734 

1.781 

1.828 

K 

i4 

1.615 

1.667 

1.719 

1.771 

1.822 

1.875 

1.927 

1.979 

2.031 

H 

^ 

1.T76 

1.833 

1.891 

1.948 

2.005 

2.063 

2.120 

2.177 

2.234 

% 

8. 

1.938 

2.0')0 

2.063 

2.125 

2.188 

2.250 

2.313 

2.375 

2.438 

3. 

H 

2.099 

2.167 

2.234 

2.302 

2.370 

2.438 

2,506 

2.573 

2.641 

H 

j1 

2.260 

2.333 

2.406 

2.479 

2.562 

2.625 

2.G98 

2.771 

2.844 

H 

.?i 

2.422 

2.500 

2.678 

2.656 

2.734 

2.813 

2.891 

2.969 

8.047 

H 

4. 

2.583 

2.667 

2.750 

2.833 

2,917 

3.000 

3.083 

3.167 

8.250 

4. 

K 

2.745 

2.833 

2.922 

3.010 

3.099 

3.188 

3.276 

3.S65 

3.453 

^ 

H 

2.906 

3.000 

3.094 

5.188 

3.281 

3.3Y5 

3.469 

3.563 

3.656 

« 

3.068 

3.167 

3.266 

3.365 

3.464 

3.663 

3.661 

3.760 

3.859 

ij 

6. 

3.229 

3.333 

3.438 

3.642 

3.646 

3.750 

3.864 

3.958 

4.063 

5. 

Ji 

3.391 

3.600 

3.609 

3.719 

3.826 

3.938 

4.047 

4.156 

4.266 

H 

3.552 

3.667 

3.781 

3.896 

4,010 

4,126 

4.240 

4.354 

4.469 

!i 

|/ 

3.714 

3.8.^3 

3.953. 

4.073 

4.193 

4.313 

4.432 

4.552 

4.672 

H 

I. 

3.875 

4.000 

4.125 

4.250 

4.375 

4,500 

4.625 

4.750 

4.875 

6. 

4.036 

4.167 

4.297 

4.427 

4.557 

4.688 

4.818 

4.948 

5.078 

n 

ijj 

4.198 

4.333 

4.469 

4.604 

4.740 

4.875 

5.010 

5.146 

5.281 

^ 

4.359 

4.500 

4.641 

4.781 

4.922 

6.063 

6.203 

5.344 

5.484 

H 

T. 

4.521 

4.667 

4.813 

4.958 

5.104 

5.250 

5.360 

5.642 

5.688 

1. 

4.682 

4.833 

4,984 

5.135 

5.286 

5.438 

5.590 

5.740 

5.891 

8 

4.844 

5.000 

5.156 

5.313 

5.469 

6.625 

5.782 

6.938 

6.094 

8. 

5.005 

5.167 

5.328 

5.490 

5.651 

5.W3 

5.975 

6.135 

6.297 

5.167 

5.333 

5.500 

5.667 

6.833 

6.000 

6.167 

6.833 

6.500 

8. 

H 

5.328 

5.500 

5.672 

5.844 

6,016 

6.188 

6.359 

6.531 

6.703 

^ 

H 

5.490 

5.667 

5.844 

6.021 

6.198 

6.375 

6.552 

6.729 

6.906 

S 

5.651 

6.833 

6.016 

6.198 

6.380 

6.563 

6.745 

6.927 

7.109 

Hi 

5.813 

6.000 

6.188 

6.375 

6  663 

6.750 

6.938 

7.125 

7.318 

9. 

k 

5.974 

6.167 

6.359 

6.552 

6.745 

6.938 

7,130 

7.328 

7.516 

g 

j| 

6.135 

6.333 

fi.531 

6.729 

6.927 

7.125 

7.323 

7.621 

7.719 

H 

6.297 

6.500 

6.705 

6.906 

7.109 

7.313 

7.516 

7.719 

7.922 

rJ^ 

10 

6.458 

6.667 

6.875 

7.083 

7.292 

7.600 

7.708 

7.917 

8.125 

10. 

6.620 

6.8.3;i 

7.047 

7.260 

7.474 

7.688 

7.901 

8.115 

8.328 

^ 

1^ 

6.781 

7.000 

7.219 

7.438 

7.656 

7.875 

8.094 

8.318 

8.531 

t£ 

6.M3 

7.167 

7.391 

7.615 

7.839 

8.063 

8.286 

8.510 

8.734 

9^ 

11. 

7.104 

7.333 

7.563 

7.792 

8.021 

8.260 

8.479 

8.708 

8.938 

n. 

7.266 

7.500 

7.735 

7.969 

8.203 

8.438 

8.672 

8.906 

9.141 

^ 

14 

7.427 

7.667 

7.906 

8.146 

8.386 

8.625 

8.865 

9.104 

9.844 

■^ 

7.589 

7.833 

8.078 

8.323 

8.568 

8.8lit 

9.057 

9.302 

9.547 

,  ^ 

iz. 

7.750 

8.000 

8.250 

8.500 

8.750 

9.000 

9.250 

9.500 

9.750 

12. 

M 

8.073 

8.333 

8.594 

8.864 

9,115 

9.375 

9.636 

9.896 

10.16 

Ji 

isr 

8.396 

8.666 

8.938 

9.208 

9.479 

9.750 

10.02 

10,29 

10,56 

IS. 

j4 

8.719 

9.000 

9.281 

9.563 

9.844 

10.13 

10.41 

10,69 

10.97 

> 

14 

9.042 

9..133 

9.625 

9.917 

10.21 

10.50 

10.79 

11.08 

11.38 

14. 

>^ 

9.365 

9.666 

9.969 

10.27 

10.57 

10.88 

11.18 

11.48 

11.78 

« 

16. 

9.688 

10.000 

10.31 

10.63 

10.94 

11.25 

11.56 

11.88 

12.19 

16, 

W 

10.01 

10.33 

10.66 

10.98 

11.30 

11.63 

11.96 

12.27 

12.59 

H 

w 

10.33 

10.67 

11.00 

11.33 

11.67 

12.00 

12.33 

12.67 

13.00 

l«. 

^ 

10.66 

11.00 

11.34 

11.69 

12.03 

12.38 

12.73 

13.06 

13.41 

H 

IT. 

10.98 

11.33 

11.69 

12.04 

12.40 

12,75 

13.10 

13.46 

13.81 

IT. 

>< 

11.30 

11.66 

12.03 

12.40 

12.76 

1.1,13 

13.49 

13.85 

14.22 

H 

18. 

11.63 

12.00 

12.38 

12.75 

13.13 

13,50 

13.88 

14.25 

14.65 

18. 

19. 

12.27 

12.67 

13.06 

13.46 

13.86 

14.25 

14.65 

15.04 

15.44 

19. 

30. 

12.92 

13.33 

13.75 

14.17 

14.58 

15,00 

15.42 

16.85 

16.25 

20, 

21. 

13.56 

14.00 

14.44 

14.88 

15.31 

15.75 

16.19 

16.63 

17.06 

21. 

22. 

14.21 

14.66 

15.13 

15.58 

16.04 

16.50 

16.96 

17.42 

17.88 

22. 

23. 

U.85 

15.33 

15.81 

16.29 

16.77 

17.25 

17.73 

18.21 

18.69 

25. 

24. 

15.50 

16.00 

16.50 

17.00 

17.50 

18.00 

18.50 

19.00 

19.50 

S4. 
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TAl^le  of  Board  Measure —(ODnttniwd.) 


a. 

« 

TBI0KKB8&  Zir  ZNOBSB. 

10 

lOH 

lOH 

lOX 

11 

llJi 

1    "H 

nn 

12 

PtBd.M. 

PtIM.lL 

Ft.Bd.M. 

Ft.JM.M. 

^ 

.toes 

.2186 

M» 

MM 

.1891 

.ISU 

.1806 

.2448 

J600 

V 

.4167 

.4271 

.4376 

.4479 

.4588 

.4686 

.4792 

.4896 

.6000 

L 

r 

.6250 

.6406 

.6563 

:£3 

.6875 

7081 

.7188 

.7344 

.7500 

IJ 

I. 

.83SS 

.8542 

.8760 

.9167 

.9376 

.9683 

i)7C2 

1.000 

1. 

1.042 

1.068 

1.094 

1.120 

1.146 

1.172 

1.106 

1.224 

1.250 

1.2S0 

1.821 

1.318 

1.844 

1.8T6 

1.406 

1.438 

1.469 

1.500 

i5 

a/ 

I.«58 

1.496 

1.S8I 

1.668 

1.604 

1.641 

1.677 

1.714 

1.750 

s 

S. 

1.667 

1.708 

1.750 

1.792 

1.838 

1.876 

1.917 

1.968 

2.000 

2. 

1.875 

1.922 

1.96t 

2.016 

8.068 

2.109 

2.156 

2.203 

2.250 

V 

2.08S 

2.135 

2.186 

2.240 

2.292 

2.344 

2.806 

2.448 

2.500 

h 

a^ 

2.292 

2.349 

2.406 

2.404 

2.521 

2.578 

2.686 

2.693 

2.760 

V 

S. 

2.500 

2.563 

2.626 

2.686 

2.750 

2.813 

1.876 

i^ 

8.000 

8. 

2.708 

2.776 

2.844 

2.911 

2.979 

3.047 

3.115 

8.260 

4, 

2.917 

2.990 

8.068 

8.135 

3.206 

8.281 

8.354 

8.427 

8.500 

^ 

8.125 

3.206 

8.281 

8.359 

8.438 

3.516 

3.594 

8.672 

8.750 

% 

4. 

3.333 

8.417 

8.600 

3.583 

8.667 

3.750 

3.833 

8.917 

4.000 

4. 

3.542 

8.630 

8.719 

8.807 

8.686 

8.984 

4.078 

4.161 

4.250 

Q 

8.760 

3.844 

3.938 

4.081 

4.126 

4.219 

4.813 

4.406 

4.500 

1, 

|/ 

8.968 

4.0B7 

4.1S6 

4.266 

4.354 

4.458 

4.662 

4.661 

4.760 

a 

6. 

4.167 

4.271 

4.SW 

4.479 

4.588 

4.688 

4.791 

4.896 

6.000 

6. 

4.375 

4.484 

4.594 

4.703 

4.818 

4.912 

6.031 

6.141 

6.260 

U 

4.583 

4.606 

4.818 

4.927 

6.042 

6.156 

6.270 

5.385 

6.500 

s 

1^ 

4.792 

4.911 

6.081 

6.161 

5J71 

6.391 

6.610 

6.690 

6.760 

fi 

8. 

5.000 

5.126 

6.250 

6wS7l 

6.600 

5.626 

6.750 

6.875 

6.000 

6. 

g 

5.206 

6.889 

6.46t 

6.890 

6.729 

6.868 

6.990 

6.120 

6.250 

u 

5.417 

6.552 

6.668 

6.828 

6.858 

6.004 

6.229 

SJR 

6.500 

3 

H 

5.625 

6.766 

5.906 

6.047 

6.188 

6.328 

6.469 

6.750 

s 

7. 

5.883 

5.979 

6.126 

6.271 

6.417 

6.568 

6.708 

6.864 

7.000 

7.^ 

^ 

t.0i2 

6.193 

6^44 

6.486 

6.64t 

6.797 

•JM& 

.  7.009 

7.160 

6.2M 

4.406 

8.568 

6.719 

6.876 

7.981 

7.188 

7.844 

7.600 

s 

|/ 

t.458 

6  620 

•.781 

6.948 

7.104 

7.166 

7.427 

7.689 

7.750 

3 

8. 

6.667 

6.8331 

7.000 

?:}.1 

l^ 

7.600 

7.667 

7.838 

8.000 

8. 

j^ 

6.875 

1M1 

7.219 

7.784 

7.906 

8.078 

8.160 

^ 

7.068 

T.t60 

7.488 

7.616 

7.791 

7.969 

8.146 

8JI2B 

8.500 

2 

^ 

7.292 

1AU 

7.666 

7.839 

8.021 

8.196 

8.886 

8.668 

8.760 

S 

9. 

7.500 

7.688 

7J76 

8.068 

8.260 

8.438 

8.625 

8.818 

9.000 

9. 

« 

7.708 

7.901 

8.094 

8.286 

8.479 

8.671 

8.865 

9.067 

9.260 

u 

7.917 

8.116 

8.313 

8.510 

8.709 

S.906 

9.104 

9.801 

9.500 

s 

^ 

8.125 

8.323 

8.S81 

8.734 

8.039 

9.141 

9.844 

9.647 

9.760 

s 

10. 

8.St8 

8.542 

8.760 

8.968 

9.167 

9.876 

9.583 

9.791 

10.00 

M. 

H 

8.542 

8.756 

8.969 

9J82 

9.396 

9.609 

9^823 

10.04 

10.26 

^ 

8.750 

8.969 

9.188 

9.406 

9.625 

9.844 

10.06 

10.28 

10.50 

£ 

8.958 

9.182 

9.406 

9.630 

9.854 

10.06 

10.80 

10.53 

10.75 

ft 

11. 

9.167 

9.386 

9.626 

9.864 

10.08 

10  81 

10.64 

10.77 

11.00 

11. 

g 

9.875 

9.609 

9.814 

10  08 

10.81 

10J6 

10.78 

11.02 

11.26 

H 

9.583 

9.823 

10.06 

10.30 

10.54 

10.78 

11.02 

11.26 

11.50 

Q 

§^ 

9.792 

10.04 

10.28 

10.63 

10.77 

11.02 

11.26 

11.51 

11.75 

M 

12. 

10.00 

10.25 

10.60 

10.75 

11.00 

ll.X 

11.50 

11.75 

12.00 

12. 

H 

10.42 

10.68 

10.94 

11.20 

11.46 

11.72 

11.98 

12.24 

12.50 

H 

It. 

10.88 

11.10 

11.88 

11.66 

11.92 

12.19 

12.46 

12.73 

18.00 

u? 

$< 

11.25 

11.58 

11.81 

12.09 

12.38 

12.66 

11.94 

18.22 

13.60 

H 

14. 

11.67 

11.96 

12.26 

12.54 

12.83 

13.18 

13.42 

13.71 

14.00 

14? 

H 

12.06 

12.89 

12.68 

12.99 

13.29 

13.59 

13.90 

14.20 

14.50 

H 

U. 

12.50 

12.81 

13.18 

13.44 

13.75 

14.06 

14.38 

14.69 

16.00 

li? 

» 

12.92 

18.24 

18.56 

13.89 

14.21 

14.68 

14.85 

16.18 

15.50 

H 

It. 

18.88 

18.67 

14.00 

14.38 

14.67 

15.00 

16.33 

16.67 

16.00 

ItL 

H 

13.76 

14.00 

14.44 

14.78 

15.13 

16.47 

16.81 

16.16 

16.60 

H 

17. 

14.17 

14.52 
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LAVD  SURVBYUIO. 


LAND  SURVEYING. 


In  turveyiiiff  a  tract  of  ground,  the  sides  which  eompoee  its  ontline  are  desiff- 
nated  by  numbers  in  the  order  In  which  they  occur.  That  end  of  each  side  whicn 
first  presents  Itself  in  the  course  of  the  surrey,  may  beealled  itsfiearend ;  and  the 
other  its  far  end.  The  number  of  each  side  is  placed  at  its  far  end.  Thus,  in  Ftg.  1, 
the  survey  being  supposed  to  commence  at  the  corner  6,  and  to  fpllow  the  direc- 
tion of  the  arrows,  the  iirst  side  is  6, 1 ;  and  its  number  is  placed  at  its  far  end  at  1 ; 
and  so  of  the  rest.  Let  NS  be  a  meridian  line,  that  is,  a  north  and  sovth  line; 
and  GW  an  east  and  wast  line.    Then  in  any  side  which  runs  eorthwardly. 


6r.... 


whether  northeast,  as  side  2;  or  northwest,  as  sides  5  and  1 ;  or  due  north;  tha 
distance  in  a  due  north  direction  between  its  near  end  and  its  far  end,  is  mlled 
its  northing;  thus,  a  1  is  the  northing  of  side  1 ;  1 6  the  northing  of  side  2 ;  4  o 
of  side  5.  In  like  manner,  if  any  side  runs  in  a  southwardly  direction,  whether 
southeastwardly,  as  side  8;  or  south  westwardly,  as  sidea  4  and  6;  or  due  aouth ; 
the  corresponding  distance  in  a  due  south  direction  between  its  near  end  and  its 
far  end,  is  called  its  southing;  thxxs,  (23  is  the  southing  of  aide  8;  8«  of  aide  4 ; 
f6  of  side  6.  Both  northings  and  southings  are  included  in  the  general  term 
Difference  of  Latitude  of  a  siae  *,  or,  more  commonly  but  erroneously,  its  UUUude, 
The  distance  due  east, or  due  west,  between  the  near  and  the  fkr  end  of  any  side, 
is  in  like  manner  called  the  eastingt  or  vjesUng^  of  that  side,  as  the  case  may  be : 
thus,  6  a  is  the  westing  of  side  1 ;  5/  of  side  6;  c5  of  side  6;  e4  of  side  4;  and 
6  2  is  the  easting  of  side  2 ;  2  d  of  side  8.  Both  eastings  and  westings  are  included 
in  the  general  term  Departure  of  a  side;  implying  that  the  side  dqnaris  so  far 
from  a  north  or  south  direction.  We  may  iay  that  a  side  norths,  wests,  souCheasta, 
Ac.  We  shall  call  the  northings,  southings,  dbc.  the  Ns,  Se,  fis,  and  Ws ;  the  laU- 
tudes,  lats;  and  the  departures,  deps. 

Perfect  accuracy  is  unattainable  in  any  operation  involving  the  measure- 
ments of  angles  and  distances.*  That  work  is  accurate  enough,  which  cannot 
be  made  more  so  without  an  expenditure  more  than  commensurate  with  the 
object  to  be  gained.  There  is  no  great  difficulty  iu  confining  the  uncertainty 
within  about  one-half  per  cent,  of  the  content,  and  this  probably  never  pre- 
vents a  transfer  in  farm  transactions.  But  errors  always  become  apparent  when 
we  eome  to  u>ork  out  the  field  notes ;  and  since  the  man  or  plot  of  the  survey,  and 
the  calculations  for  ascertaining  the  content,  should  oe  consistent  within  ttiem* 
selves,  we  do  what  is  usually  called  correcHng  the  errors,  but  what  in  fact  is  simply 
humoring  them  in^  no  matter  how  scientific  the  process  may  appear.  We  distrih- 
ute  them  all  around  the  survey.  Two  methoas  are  used  for  this  purpose,  l)Oth 
based  upon  precisely  the  same  principle  *  one  by  meaps  of  drawinff ;  the  other, 
more  exact  but  much  more  troublesome,  by  calculation.  The  graphic  method,  in 
the  hands  of  a  correct  draftsman,  is  sufficiently  exact  for  all  ordinarv  purposes. 
Add  all  the  sides  in  feet  together;  and  divide  the  sum  by  their  numoer,  for  the 
average  length.  Divide  this  average  by  8 ;  the  quotient  will  be  the  proper  ecale 
in  feet  per  inch.  In  other  words,  take  about  8  ins.  to  represent  an  avenige  aide. 
We  shall  take  it  for  granted  that  an  engineer  does  not  consider  it  accurate  work  to 

*  A  100  ft.  flhain  maj  varj  its  length  &  feet  per  mile,  between  winter  and  summer,  bv  mere 
ehaofe  of  temperature ;  and  this  alone  will  malce  a  differeoee  of  about  1  acre  io  53S.  Toe  ato* 
tent  sboold  praotlae  plotting  from  perfectly  accurate  dau :  as  (Tom  the  example  in  table,  p.  281,  or 
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HH*  hit  «a^  t0  tk«  MWMt  qtiarter  of  a  tegrM,  wtateh  la  tbe  uraal  pnetfMsmoiif  luad-Barr*? 


art.  Tb«7  «mi,  Djr  means  of  the  eoglBeer't  tranttt,  now  to  nniTonal  um  on  oar  pablio  worlu,  be  readily 
■eaenrad  wtthia  a  minute  or  two ;  and  being  (has  much  more  aeeurate  than  the  oompaM  ooarMa, 
i  whioh  cannot  be  read  off  so  cIomIt,  and  whtoh  arc  mereover  aabieet  to  many  eoaroee  or  error,)  they 
•erre  to  oorrvcc  the  lauer  In  the  oflioe.  The  noting  of  the  oonrsee,  however,  ehoald  not  be  eonllned  te 


■eaanred  within  a  minute  or  two ;  and  being  thoa  moch  more  aeeurate  than  the  oompaM  eoaraea, 
....  ...    -        .      .  ....  . •  of  error,)!"- 

to  oorrvct  the  lauer  in  the  offloe.  The  notinc  of  the  oonrsee.  however,  shonld  m    ' 

(bene .. , . 

The  back  coaraes  also  ahoold  be  taken  at  every  eomer,  aa  an  additional  eheek,  and  for  the  deieetloa 
of  local  attraction.  It  la 
well  in  taking  the  com- 
pass bearioKt.  tc  adopt 
aa  a  rule,  always  to  point 
the  north  of  the  compass- 
box  towurd  the  object 
whose  bearing  is  to  be 
taken,  aod  to  read  off 
rrom  tbe  north  end  ottbe 
needle.  A  pei-son  who 
Uijes  iadifferentlj  tbs  N 
and  tbe  S  of  the  box,  and 
of  the  needle,  will  be  very 
liable  to  make  mistakes. 
It  ia  best  to  measure  the 
least  angle  (shown  by 
dotted  arcs.  Fig  2,)  at  the 
oonters;  whether  it  be 
'■zterlor,  as  that  at  corner 
5 ;  or  interior,  as  all  the 
ethers ;  because  it  is  al- 
ways less  than  180°;   so  _    _ 

that  there  is  less  danger  ^^       /  Flff*  2« 

of   reading  it  off  incor-  ^  *■    ' 

rectly.  than  if  it  exceeded 
180° ;  taking  It  for  grant- 
ed that  the  tranait  instrument  Is  graduated  from  the  same  tero  to  180^  eaoil  way;  If  It  la  mdvalti 
from  nro  to  360°  tbe  precaation  Is  useless.  When  tbe  small  angle  ia  tztMior,  aubtraet  itlhua  160* 
for  the  interior  one. 

Supposing  the  field  work  to  be  finished,  and  that  we  require  a  plot  ftom  whIoh  tha  ooatsnttmaj 
be  obtained  mechanioalty,  by  dividing  )t  Into  triangles,  (tbe  babies  and  beigfaU  of  which  may  bf 
measured  bj  scale,  and  their  areas  calculated  one  by  one.)  a  protraction  of  it  may  be  made  at  onot 
from  the  Oeld  notes,  either  by  using  the  anglea,  or  by  first  cortt-cting  the  htsringt  by  meana  of  the 
angles,  and  then  using  tbem.  The  last  is  the  best,  because  in  t lie  first  the  protractor  moat  be  moved 
to  each  angle  ;  whereas  in  tbe  last  It  will  remain  stationary  while  all  the  bearings  are  being  pricked 
off.  Every  movement  of  it  increases  tbe  liability  to  errors.  The  manner  of  correcting  the  Minings 
Is  explained  on  the  next  page. 

in  either  case  the  protracted  plot  will  certainly  not  close  precisely ;  notonly  ineonaeqnenceof  erroraia 
the  field  work,  but  also  In  tbe  protracting  itself.  Thus  tbe  last  lide.  No 8,  Fig  S,  inatead  of  cloaing  in  •( 
corner  6,  will  end  somewhere  else,  say,  for  Instance,  at  (;  the  dist  1 6  being  the  eloting  trror,  which, 
however,  as  represented  in  Fig  2,  is  more  than  ten  times  as  great^  proportionally  to  the  aiae  of  the 
survey,  as  would  be  allowable  in  practice.  Now  to  humor- in  this  error,  role  through  every  oomer 
a  short  line  parallel  to  t  6;  aod,  la  all  cases,  In  the  direction  from  Kwherever  It  may  be)  to  (ha 
itarting  point  ft.  Add  all  tbe  sides  together ;  and  measure  f  6  by  the  acale  of  the  plot.  Then  lMfl»' 
tting  at  oomer  1,  at  the  far  end  of  side  1,  say,  as  the 

8am  of  all       ,      Total  doalag       . .  atA^ .  •  Krror 

tbealdea        •  errortd  ••  ^"•*  •        foraideL 

149  ^  *^1*  «"^r  f^in  1  to  a.    Then  at  eomer  S,  aay,  aa  th« 

.  8nm  of  all       ,       Total  cloaing       . .  Sum  of  .  Krror 

theaidea        •  crrorf6  ••      aldealaadS        •        foraideS. 

Which  error  lay  off  fhHnS  la  &;  aad  ao  at  each  of  theoomera;  alwagra  valng,  aa  the  third  t«rm,tk« 
earn  of  the  sidea  between  the  starting  point  and  the  given  oorftar.  rtaiaUy,  join  the  polnu  a,  %,  e, 
J,  «.e;«adthepletiaaniBbed.  ■-  •- 

Tbe  oorreetioo  haa  evidently  changed  tha  length  af  every  aide;  langthenlng  aome  and  ahortenkig 
nhera.  It  haa  alao  changed  the  anglea.  The  new  langtba  and  anriea  may  with  tolerable  accuracy 
he  foand  by  aaeaaa  of  the  aoale  and  protractor ;  aad  be  maricad  on  the  plot  Inatead  of  the  old  onea. 

from  those  to  be  found  in  boons  on  HUrveying,  This  la  the  only  way  in  which  he  can  learn  wtiat  ia 
meant  by  accurate  work.  His  somicirctilar  protractor  should  be  about  9  to  12  ins  in  dinm  and  gradu- 
ated to  10  rain.  His  straight  edge  and  triangle  should  be  of  metal;  we  prefer  German  silver,  which 
does  not  rust  as  steel  does;  and  they  should  be  made  with  tcrupulo%ia  accuracy  by  a  skilful  Instru- 
ment-maker.  A  very  fine  needle,  with  a  sealing-wax  head,  should  be  used  for  pricking  off  dials  and 
anglea ;  It  must  be  held  vertically ;  and  the  eve  of  the  drafUman  must  be  directly  over  it.  The  lead 
pencil  should  be  hard  (Faber's  No.  4  ia  good'  for  protracting),  and  must  be  kept  to  a  sharp  point  by 
rubbing  oo  a  fine  file,  after  using  a  knife  for  removing  the  wood.  The  scale  should  be  at  least  as  long 
as  tbe  longest  side  of  the  plot,  and  should  be  msde  at  the  edge  of  a  strip  of  the  same  paper  as  tbe  plot 
is  drawn  oo.  This  will  obviate  to  a  considerable  extent,  errors  arising  from  contraction  and  expnn- 
stoQ.  Unfortanately,  a  sheet  of  paper  does  not  contract  and  expand  In  the  same  proportion  length, 
wise  and  cross  wise,  thus  preventing  tbe  paper  scale  from  being  a  perfect  corrective.  In  plots  of  com- 
mon farm  surveys,  Ac,  however,  the  errors  from  thia  source  may  be  neglected.  For  snch  plots  as  may 
»e  protracted,  divided,  and  computed  within  a  time  too  short  to  admit  of  appreciable  change,  iheordl- 
lary  scales  of  wood,  ivory,  or  metal  may  be  used ;  but  satisfactory  accuracy  cannot  be  obtained  with 
■-hem  on  plots  requiring  several  days.  If  the  air  be  meanwhile  alternately  moist  and  dry,  or  subject  to 
sonsiderable  variations  in  temperature.  What  i.s  called  parchTntnt  paper  is  worse  In  this  reNpectthaa 
Kood  ordinary  drawing-paper. 

With  the  foregoing  preoautlpDJ  we  m^  work  friQB  a  drawing,  with  as  mncb  aoouracy  3a  la  naoally 
i^tt^ncd  in  tbe  field  work.         '  ^^  f 
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LAND  SUBVEYINa. 


Wh«n  tb«  plot  bM  mu^  Mm,  tbU  ealeateting  the  Mror  for  Moh  o<  tlmi  iMeoaiM  tadtoM ;  tmi 
«tDoe,  in  ft  well-performediarvey  aad  protraction,  the  entire  errw  will  be  bat  ft  very  emftU  qonnti^, 
^  eheald  not  eaeoeed  about  -r^  Pftrt  of  the  periphery,)  it  may  uually  be  divkled  among  the  sldea  by 
■kwely  placing  aboat  }i,  ^,  and  9i  of  it  at  oomert  about  ^  H,  and  H  way  aronnd  the  plot;  and  at 

intermediate  corners  proper* 
tion  It  by  eye.  Or  calculation 
may  be  avoided  entirely  by 
drawing  a  line  a  ft  of  a  length 


equal  to  the  united    length! 
of  aU  the  aidee;  dividing  it 


into  diitanoee  a,  1 ;  1,  t ;  Ae,  equal  to  the  reapeotive  sides.  Make  6  e  equal  to  the  entire  oloaing  error ; 
join  a  e ;  and  draw  1,1';  2,  2' ;  Ac,  which  will  give  the  error  at  each  comer. 

When  the  plot  is  thus  completed,  it  may  be  divided  by  fine  pencil  lines  into  triangles,  whose 
bases  and  heights  may  be  measured  by  the  scale,  in  order  to  oompute  the  oontents.  With  care  in 
both  the  survey  and  the  drawing,  the  error  should  not  eaDceed  about  -I-  part  of  the  true  area.  At 
least  two  distinct  sets  of  triangles  should  be  drawn  and  oomputed,  as  a  guard  against  mistakes ;  and  if 
the  two  sets  diUbr  in  calculated  oontenu  more  than  about  w^  Pftt,  they  have  not  been  as  carefully 
prepared  u  they  should  have  been.  The  closing  error  due  to  imperfect  field- work,  OMy  be  acourauly 
ealculated,  as  we  shall  show,  and  laid  down  on  the  paper  before  beglBning  the  plot ;  thus  furnishing 
a  perfect  teet  of  the  accuracy  of  the  protrac^n  work,  which,  if  oorrectly  done,  will  not  dose  at  the 
point  of  beginning,  but  at  the  point  which  indicates  the  error.  But  this  eateulation  of  the  error,  by 
a  little  additional  trouble,  fnmishes  data  also  for  dividing  it  by  calculation  among  the  dlff  sides  } 
besides  the  means  of  drawing  the  plot  ep>r«c(7y  at  once,  without  the  use  of  a  protractor ;  thus  ena- 
bling us  to  make  the  subsequent  measurements  and  computations  of  the  triangles  with  more  oer- 
tftinty. 

We  shall  now  describe  this  process,  but  would  reoommend  that  even  when  it  la  employed,  and 
eepeoially  in  complioated  anrveya,  a  rough  plot  ahonld  flrat  be  made  and  oorrected,  by  the  first  of  the 
two  mechanical  methods  already  alluded  to.  It  will  prove  to  be  of  great  service  in  using  the  method 
by  calculation,  inasmuch  as  it  furnishes  an  eye  cheek  to  vexatious  mistakes  which  are  otherwise  apt 
to  occur :  for,  although  the  principles  -involved  are  extremely  simple,  and  easily  remembered  when 
once  understood,  yet  the  continual  changes  in  the  directions  of  the  sides  will,  without  grMt  care, 
cause  us  to  use  Ns  instead  of  Ss ;  Es  instead  of  W8,'ftc 

We  suppose,  then,  that  such  a  rough  plot  has  been  prepared,  and  that  the  angles,  bearings,  and 
distances,  as  taken  from  the  field  book,  are  figured  upon  it  in  leadpmcil. 

Add  together  the  interior  angles  formed  at  all  the  corners :  call  their  sum  a.  Mult  the  number  o* 
sides  by  180° ;  fh>m  the  prod  subtract  360°  :  if  the  remainder  is  equal  to  the  sum  a,  it  is  a  proof  that 
the  angles  have  been  correctly  measured.*  This,  however,  will  rarely  if  ever  occur;  there  will 
always  be  some  disorepaooy  ;  but  if  the  field  work  has  been  performed  with  moderate  care,  this  will 
not  exceed  about  two  min  for  each  angle.  In  this  case  div  it  in  equal  parte  among  all  the  angles, 
adding  or  subtracting,  as  tbe  case  may  be,  unless  It  amounts  to  less  than  a  min  to  each  angle,  when 
H  may  be  entirely  disregarded  In  common  farm  surveys.  The  corrected  anglea  may  then  be  marked 
•n  tbe  plot  In  ink,  and  the  pencilled  figures  erased.  We  will  suppoae  the  oorrected  ones  to  be  as 
•bown  in  Fig  8. 

Next,  by  means  of  these 
oorrected  angles,  correct  tbe 
bearings  also,  thus.  Fig  S  { 
Select  some  side  (tbe  longer 
tbe  better)  from  the  two  ends 
of  which  the  bearing  and  the 
reverse  bearing  agreed ;  thus 
showing  that  that  bearing 
was  probably  not  influenced 
by  local  attraction.  Let  «ido 
2  be  tbe  one  so  selected ;  as* 
sume  lU  bearing.  N  75°  82'  E. 
as  taken  on  the  ground,  to  be 
correct;  through  either  end 
of  It,  as  at  its  far  end  2.  draw 
the  short  meridian  line ;  par- 
allel  to  which  draw  others 
through  every  corner.  Now, 
having  tbe  bearing  of  side  2, 
If  Tfi°  82'  B,  and  requiring 
that  of  side  8,  it  is  plain  that 
tbe  reverse  bearing  from  cor- 
ner 2  is  S  75°  82'  W ;  and 
that  therefore  tbe  angle  1,  2, 
m,  U  75°  82'.  Therefore,  If  we 
Uke  75°  82'  from  the  entire 
oorrected  angle  1 , 2, 8,  or  144° 
57',  the  rem  69°  25'  wlU  be 
tbe  angle  m  28 ;  consequently 
the  bearing  of  sideSmtul  be 
8  61°  25'  B.  For  finding  tbe  bearing  of  side  4,  we  now  have  the  angle  28  a  of  the  reverse  bearing  of 
tide  8,  also  equal  to  60°  25' :  and  if  we  add  this  to  tbe  entire  corrected  angle  284,  or  to 68°  82',  we  have 
the  angle  a  84  =  60°  25' +6»o  82- =  188°  57';  which  taken  from  180°.  leaves  the  angle  584  =  410  8'; 
eonaeqnently  the  bearing  of  side  4  mutt  be  S  41°  8'  W.  For  tbe  bearing  of  side  5  we  now  have  the 
angle  84  e=41°  8',  which  taken  from  the  corrected  angle  845,  or  120°  48',  leaves  tbe  angle  c  45-790 
40' ;  consequently  the  bearing  of  side  5  muet  be  N  79°  40'  W.  At  comer  6,  for  the  bearing  of  side  «, 
we  have  the  angle  45  d  =  79°  40',  which  taken  from  138°  10',  leaves  the  angle  d  56  =  53° 80'  t  eonse- 
queoUy  tbe  bearing  of  side  6  must  be  S  58°  80'  W.    And  so  with  each  of  the  sides,  nothing  bna 

•  Becau>«  in  everr  straight-lined  fitore  the  unm  of  i»li  m  Interior  angles  IsfiQual  to  twice  as  many 
light  angles  as  the  figure  has  sides,  minus  4  right  angles,  or  360°.  Dignj^gd  ^y  CiOOQ  IC 
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0ar«ftil  obMTTstloii  la  neeenaiy  to  lee  how  th«  Mreral  anglM  •?«  to  be  employed  at  eeoh  eunmn 
Rules  lu-e  toiuetimee  given  for  this  purpoM,  but  uuleae  frequentlT  used,  tiiey  ere  tooD  forgotteo. 
The  plot  niMbauloally  prepared  obriatee  the  neceMitj  for  tueh  rales,  Inasmuch  aa  the  principle  of 
prootsediug  tberebj  beoomes  merely  a  matter  of  sight,  and  tends  greatlj  to  prevent  error  f)wm  asing 
the  wrong  bearings ;  while  the  protractor  will  at  onoe  detect  any  serious  mistakes  as  to  the  angles, 
and  thns  prevent  their  being  carried  farther  along.  After  having  obtained  all  the  oorreeted  bearings. 
the7  may  be  figured  on  the  plot  instead  of  those  taken  In  the  field.  They  will,  however,  require  a 
■till  further  correction  after  a  while,  since  they  wlU  bealMMtad  by  the  a^lostmeat  of  the  closing  error. 
We  now  prooeed  to  calculate  the  dosing  error  tf  of  Fig  t,  which  Is  dcae  on  the  principle  that  in  a 
oorreot  survey  the  northings  wiU  be  equal  to  the  southings,  and  the  eastings  to  tne  westings.  Pre- 
pare a  table  of  7  colomns.  aa  below,  and  in  the  first  S  cola  place  the  numbers  of  the  sides,  and  their  'wr. 
rected  courses ;  also  the  diau  or  lengths  of  the  sides,  aa  measured  on  the  rough  plot,  if  such  aon« 
ha«  been  pr^ared ;  but  if  not,  then  as  measured  on  the  ground.    Let  them  be  aa  follows : 


Side. 

Bearing. 

Diet  rt. 

Latitndes. 

I>epartiire«. 

N. 

8. 

E. 

W. 

1 
3 
8 

4 
6 

• 

N  76°  82'  S 
8  69<3  25'£ 
8  41°    y  W 
N79O40'W 
8  fOPWW 

1060 
1202 
1110 
800 
802 
706 

1016.6 
800^ 

14S.9 

890.2 

ea. 

419.3 

1168.9 
1039.2 

804. 

668.2 

789. 

666.7 

1469.7 
1460.8- 

1460.6 

Brrorin 
Lat. 

2203.1 

2217.9 
2203.1 

0.2 

Error  in 
Dep. 

14.8 

Now,  by  meana  of  tne  Table  of  Bines,  etc.,  find  the  N,  8,  B,  W,  of  the  several  sides,  and  plnee 
them  in  the  corresponding  four  columns.  Thus,  fbr  aide  1,  which  ia  1060  feet  long,  with  bearing 
N  Ifo  M' W ;  ooe  I«o  to' as  0.9580 1  ain  1«°  40' as  0.3868. 


1060    X    0.9680 


1015.5;      and    W    s    1060    X    0.2868 


thus  with  an.  Add  ap  the  four  eols ;  find  the  dlif  between  the  H  and  8  cols ;  and  also  between 
the  B  and  W  onea.  In  this  inatanee  we  find  that  the  Ns  are  9.3  feet  greater  than  the  8t ;  and  that 
the  Wa  are  li.8  ft  greater  than  the  Be ;  in  other  worda,  there  la  a  cloeing  error  whkh  would  cause  a 
mtrreet  protraodoo  of  our  firat  three  oiria,  to  terminate  9.2  feet  too  far  north  of  the  starting  point ;  and 
t4.8  feet  too  fkr  west  of  it.  So  that  by  placing  this  error  upon  the  paper  before  beginning  to  protract, 
we  shoald  have  a  tent  for  the  aeonrafcy  of  the  protraodng  work ;  but,  aa  before  remarked,  a  little  more 
troable  will  now  enable  na  to  div  the  error  proportionally  among  all  the  Ns,  Ss,  Es,  and  Ws,  and  thereby 
i^ve  as  data  for  drawing  the  plot  correctly  at  onoe,  without  using  a  protractor  at  all. 

To  divide  the  errors,  prepare  a  table  predsely  the  aame  aa  the  f!Hf«gelng,  except  that  the  her  apaeea 
are  farther  apart :  and  that  the  addlnca>np  of  the  eM  K»  B,  B,  W  oolttaaB  era  omitted.  The  addltlou 
here  notioed  are  made  snbeeqoently. 

The  aew  table  la  en  the  Best  page. 

Rkmabk.  The  beartnir  *^nd  tb«  reverse  beartnic  from  the  two  ends 
of  A  iine  will  not  rend  preciafly  the  Mme  angle;  and  the  differeuce  raries  with  the 
latitude  and  with  the  length  of  the  line,  but  not  in  the  same  proportion  with  either. 
It  is,  howerer,  generally  too  small  to  be  detected  by  the  needle,  being,  according  to 
Oummere,  only  three  quarters  of  a  minute  in  a  line  one  mile  long  in  lat  40^.  In 
higher  lats  it  is  more,  and  in  lower  ones  less.  It  is  caused  by  the  fact  that  meridians 
or  north  and  suuth  lines  are  not  tmly  parallel  to  each  other;  but  would  if  extended 
meet  at  the  poles. 

Hence  ttie  only  bearing  tbat  ean  be  rnn  In  a  siralffht  Itae, 

with  atriot  accuracy,  la  a  true  N  and  8  one;  except  on  the  very  eqQator,  where  alone  a  dne  B  and  w 

one  will  also  be  straight.    But  a  trne  carved  E  and  W  line  may  be  found 

anywhere  with  sutBciem  accuracy  for  the  surveyor's  purposes  thus.  Having  firat  by  means  of  the  N 
Btar  p  18i,  or  otherwise  got  a  tru«  N  and  8  bearing  at  the  starting  point,  lay  off  from  it  OO^.  for  a  true 
K  and  W  bearing  at  that  point.  This  B  and  W  bearing  will  be  tangent  to  the  true  B  and  W  curve. 
Run  thirt  taiigeDi  carefully  :  and  at  Intervale  (say  at  the  end  of  each  mUe)  lay  off  ftom  it  (towards 
the  N  if  in  X  lai.  or  vice  versa;  an  ottset  whoee  length  In  f—t  Is  c<iPf>  *<>  **»«  proper  cue  from  the 


following  table,  multiplied  by  the  fovars  of  the 
efllMU  will  mark  poiuu  in  the  true  h  and  W  cnrva. 


Ifto 


W> 


lAtltnde  If  or  S. 

SQO         8&0         400         tfP 


I  the  sta'^ing  poiat.    Theee 


50»        650 


Ollteeto  In  fi  one  mile  flrom  starilnv  point. 

MS       .118       .179       .243        .811        .S85        .467        .559        .067         .795         .952         1.15         1.41 

Or,  an  J  oflbet  In  ft  »  .6666  X  Total  Dist  in  miles>  X  Nat  Tans  of  Lat. 

A  rliamb  line  is  any  one  that  crosses  a  meridian  obliquely,  that  is,  ia 
aelther  dne  H  and  8,  nor  E  and  W.  (^^^^T^ 
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Side. 

Bearing. 

DIat  Ft 

Latitades. 

Departures. 

N. 

S. 

E. 

W. 

1 

N160  4(KW 
N750  32'B 
S  690  26'B 
S  410    3^  w 

N79O40'W 

S88O30'W 

1060 
1202 
1110 
850 

802 

706 

1016.6 

1.7 

390.2 
1.8 

1163.9 
3.1 

304.0 
2.7 

2 

1013.8... 

300.3 
1.9 

«.   301.3 

8 

298.4 

143.9 
1.3 

...  1167.0 

1039.2 
2.9 

I 

392    ... 

641.0 
1.3 

...  1042,1 

668.2 

2.2 

6 

642.3... 

419.3 
1.1 

...    6i6.0' 

789.0 
2.1 

« 

142.6... 

...    786.9 

666.7 
1.8 

420.4... 

6649 

5729 
Sum  of 
Sides. 

1464.8 
Cor'd  Ns. 

1464.7 
Cor'd  Se. 

2209.1 
Cot'd  Es. 

2209.1 
Cor»dW8. 

Kow  we  have  already  fband  bj  the  old  table  that  the  ICa  ahd  the  We  are  too  longi  oenieqaeDtlj 
they  moet  be  ahortened ;  while  the  Se,  aad  Be,  miut  be  lengtheiMd ;  all  in  the  fbllowinf  propwiieaa : 


Sam  of  all    .    AnygiTen    ..    Total  err  of 
the  eidee     •         lide        •  •     lat  or  dep 
m,  oommenoing  with  the  lal  of  aide  1,  we  hare,  aa 

Somofantheeldee.    .    Bidel.    ..    Total  lat  err. 
57»  •       1060      •  •  9.2 


Err  of  lat,  or  dep, 
of  glTvaalde. 


LaterrofaldaL 
l.T 


Now 
Beared 


aa  the  lat  of  aide  1  la  north,  it  moat  be  ahortened ;  henoe  It  beaomee= lOlSJi-*  1.7sl0ia.«,  M 
oat  in  the  new  table.    Agein  we  hare  for  the  departure  of  aide  1, 

Dep  err  of  side  1. 
a.7 

a  the  dep  of  aide  1  la  weat,  it  moat  be  ahortened ;  henoe  it  beoomea  804 — 1.7 =801.S,  aa  fignred 

■e  new  table. 

Prooeedfog  thoa  with  each 
aide,  we  obtain  all  the  corrected 
lata  and  depa  as  Rbown  In  the 
new  table :  where  they  are  con- 
nected with  their  reapeotire 
aidee  by  dotted  Unea;  bat  in 
praotioe  it  Is  better  to  ctosa  cot 
the  original  onea  when  the  cal* 
eolation  la  flniabed  and  proved. 
If  we  now  add  up  the  4  cole  of 
oorreoted  K,  S,  E,V,we  And  that 
theNa  =  theSa:  and  the  Sa=r 
the  Wa;  tbos  proving  that  the 
work  is  right.  There  la,  It  ia 
tme,  a  diaerepanoy  of  .1  of  a  ft 
between  the  Na.  and  the  Ba ;  bnt 
thia  ia  owing  to  oar  carrying 
out  the  oorreotiona  to  only  one 
decimal  plaoe :  and  la  too  aaaU 
to  be  regarded.  Diserepanciea 
of  S  er  4  tenths  of  a  foot  will 
sometimes  ooonr  fh>m  thia 
oaaae;  bat  may  be  neglected. 
The  cerreeted  lau  and  depa 
maat  evidently  chance  the 
bearing  and  distance  or  ever] 


Fiir.4. 


bearing  and  distance  of  every 
t  bnt  withont  knowing  either  of  theee,  we  ean  now  plot  the  survey  by  means  of  the  eorreetad 
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laCfl  kBd  d«pi  alone.    Tbe  principal  is  self-evident,  explaining  itself.    Ftmt  draw  a  meridian  lin« 
N  S,  Pig.  4;  and  upon  it  fix  on  a  point  1,  to  represeut  the  extreme  west*  comer  of  the  survey. 

Then  ft-om  the  point  1,  prick  off  by  scale,  northward,  the  dint  1,  2'=tbe  coriecied  northing  298.4 
of  Bide  2,  taken  from  the  last  table;  from  ^  southward  prick  off  the  disi  'l',  V,  the  corrected  south* 
ing  392  of  aide  3  ;  from  y  southward  prick  off  'i* ,  V,  =80uihiiiK  642.3  of  side  4;  from  4'  northwani 
prick  off  4',  5^=  northing  14:'.6  of  side  5;  from  y  prtck  off  southward  V,  ©'^southing  of  side  6^ 
Then  from  the  poinU  'i^,  ^,  ¥,  y,  V,  draw  indefinite  line*  due  eastward,  or  at  right  angles  to  tb« 
meridian  line.  Make  bv  scale,  2',  2  =  corrected  departure  of  side  2 ;  and  Join  1,  2.  Make  3',  3=^dep 
of  Bide2-|-d«por  sides  J  and  join  2,  3;  make  4',  4=3",  3  — dep  of  side  4;  and  join  3,  4;  make  5',  5 
=  4'»4  — depof  8lde5;  andjoin4,  5;  make  6,  6=5".  5— dep  of  side  6;  andjoinS,  6t  Finally  join 
I,  1 ;  and  the  plot  is  complete.  If  scrupulous  accuracy  la  not  required,  the  contenta  may  be  found  by 
the  mechanical  method  of  triangles  j  the  bearings,  by  the  protractor;  and  the  lengths  of  the  sides 
ay  the  scale  ;  all  with  an  approximation  aufllcient  for  ordinary  purposes;  and  perhaps  quite  aa  close 
ta  bj  th«  method  by  calculation,  when,  as  is  customary,  the  bearings  are  taken  only  to  the  nearest 

^narter  of  a  degree.  We  have  alrpndy  said  that  with  a  scale  of  feet  per  lnch  =  "*"^  ^''-  -**  '.  ^' 

tht  error  of  area  need  not  exeeed  tbe  77Trth  part. 


Bat  if  It  ie  required  to  oaloolate  the  area  of  the  eorreoted  wwmj  with  ilforoaa 
tM  done  oa  Um  foUowiiig 
prinoiplo,  (lee  lie  5.)    If  a    ki 
nertdUn  Uoe  N  S  be  sap*    n 
poeed  to  be  drawn  ihrwigh 
tbt  extrem*  weat  oorarr  1  of 


Ubi»^ 


%  eurTej:  and  Unee  (called 
••<d«Be  dUtanef)  drawn  (aa 
(he  dotted  oneo  in  the  Fig) 
at  right  aaglea  to  said  me* 
rldiu,  fh>m  the  eMrtei»  ef 
MMh  side  of  the  aarrer; 
UiMt  if  eaoh  of  the  middle 
Uitt  of  anch  sidee  aa  hare 
^orthlnga,  be  molt  bj  the 
x>rreeted  northing  of  its  oor* 
responding  side ;  and  if  eaoh 
>f  the  middle  dlsts  of  such 
sides  aa  bare  soatlilngs,  be 
molt  bT  the  oorreoted  sooth- 
ttg  of  its  oorresponding 
•lie;  if  we  add  all  tha  north 
prods  into  one  som ;  wad  an 
Um  sooth  prods  into  another 
•om;  and  sobtraot  the  least 
0f  these  soms  flrom  the  great- 
•»t»  tha  rem  will  ha  the  area 


t  Instead  of  prloUng  off  Ikase  northings  and  soothings  ta  stioeesslon, /yoai  eodt  ocfter,  It  win  ha 
more  correot  in  praotioe  to  prepare  first  a  table  showing  now  fh'r  eaoh  of  the  points  f  ,S',  dm,  is  north 
or  sooth  fh>m  1.  This  being  done,  the  points  can  be  pricked  off  north  or  aooth  fhwi  1,  withoot  Nio»< 
ing  th*  tcaU  ecMk  lime;  and  of  coorse  with  greater  aoeoraey.  Soeh  a  table  is  readily  formed.  Bola 
it  as  below;  and  in  the  first  three  oolomns  place  the  nombers  of  the  sides  (starting  with  side  I  ttom 
point  1 ;)  and  their  respeetive  corrected  northings  and  soothings.  The  formation  of  the  4th  and  6th 
cols  by  means  of  the  Sd  and  4th  onee,  explains  iteelf.    lU  aoooiaay  is  proved  by  the  final  resolt 


DistKorSfiromPoiiitl.' 

Side. 

K.lat. 

S.lat. 

F. 

8. 

398.4 

893. 
642.3 

29B.4 

tt.6 
1l6.f 

I42.e 

420.4 

1018.7 

101S.8 

1       000.0 

MIOA 

t  A  similar  taUe  shooldba  prepared  beforehand  for  tbe  dlsU  of  ttie  points  S,  8.  4,  fte,  east  ftom  tba 
lorldian  line.    It  is  dene  in  the  same  manner,  hot  reqoires  one  ool  less,  as  all  the  dists  are  on  tha 


meridian  line. 
Muaasidaaf  tha 


a  in  the  same  manner,  hot  reqoires  < 
r  Una.  Thos,  starting  fh>m  point  1,  with  side  S : 


Side. 

E.  dep. 

W.dep. 

Diet  east  from 
meridian  Una. 

1167.0 
104X1 

CM.0 
786.9- 
664.9 
SOU 

1167.0 
S209.1 
1668.1 
866.1 

801.8 
000i> 

ms  vark  Ukawte  pra^w  itaelf  by  the  final  reeolthalng  0. 
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•r  «ht  »nmj,»    Th«  oorrMted  northings  and  aonthtngs  m  hw  alNady  fonsd ;  aa  alio  Uw  «M«tnc» 


and  wMtinga.    The  middle  diets  are  fonnd  by  means  of  the  latter,  br  employing  their  hutvt  t  adding 

w .. .      . ,.  -.      ..  .       •-       that  the  middle  diet  2' of  side  2,  U 

ting  of  side  2.    To  this  add  the  other  half  easting  of  side  2,  and  a  half  easting 
of  side  3 ;  and  the  sum  is  plainly  equal  to  the  middle  dlst  3'  of  side  3.    To  this  add  the  other  half 


half  eastings,  and  subtracting  half  westings.    Thus  it  is  evident  that , 

equal  to  half  the  easting  of  side  2.  To  this  add  the  other  half  easting  of  side  2,  and  a  half  easting 
of  side  3 ;  and  the  sum  is  plainly  equal  to  the  middle  dlst  3'  of  side  3.  To  this  add  the  other  half 
easting  of  side  3,  and  subtraot  a-half  westing  of  side  4,  for  the  middle  dist  4'  of  side  4.  From  this 
sQbtraot  the  other  half  westing  of  side  4,  and  a  half  westing  of  tide  5,  for  the  middle  dlst  6'  of  sid* 
6;  and  so  on.    The  aotaal  calcolation  may  be  made  thus : 


Half  easting  of  side  2  = 

1167  _ 
2      ~ 

1042.1 

2 

656 

—    = 
t 

788.9 
2 

664.9 
2 

801.8 

683.6  E  = 
683.5  B 

:  mid  dist  of  side  2. 

Half  easting  of  sides  = 

1167.0  E 
621.0  E 

Salf  westing  of  side  4  = 

1688.0  E  = 
621.0  E 

2200.0  E 
278.0  W 

mid  dist  of  sides. 

Balf  irMtingofside5  = 

1931.0  E  = 
278.0  W 

1653.0  E 
883.5  W 

mid  dist  of  side  4 

Half  westing  of  side  6  = 
Half  westing  of  side  1=: 

1259.5  E  = 

898.5  W 

866.0  B 
282.4  W 

683.6  E  = 
282.4  W 

801.2  E 
160.6  W 

mid  4iste(  tide  i. 
mid  dist  ef  aide  ft. 

160.6  E  sr  mid  dUt  of  aide  1. 

The  work  always  proves  Itself  by  the  last  two  results  being  equal. 

Next  make  a  table  like  the  following,  in  the  first  4  ools  of  which  place  the  numbers  of  the  sides, 
the  middle  dists,  the  northings,  and  southings.  Mult  each  middle  dist  by  iu  corresponding  northing 
or  southing,  and  place  the  produou  in  their  proper  col.    Add  up  each  col ;  subtract  the  least  from  the 


Side. 


Middle  dist. 


150.6 
583.5 

1688 

1931 

1269.5 
583.6 


Northing. 


1013.8 
298.4 


142.6 


Southing. 


S92 
642.3 


420.4 


North  prod. 


152678 
174116 


SoQth  prod. 


661696 
1240281 


245345 


2147322 


48560)1640923(37.67  Aowt. 


•  Proof.  To  Illustrate  the  principle  upon  which  this 
rule  in  based,  let  ab,  be,  aud  cti.  Fig  tt,  repreaent  in 
order  the  3  sides  of  the  triangular  plot  of  a  survey,  with 
a  meridian  line  <i/ drawn  through  the  extreme  west  cor- 
ner, a.  Let  lines  ft  d  and  c/  be  drawn  from  each  corner, 
perp  to  the  meridian  line ;  also  from  the  middle  of  each 
side  draw  Hues  we,  mn,  to,  also  perp  to  meridian  ;  and 
representing  the  middle  dlats  of  tho  sides.  Then  since 
the  sides  are  regarded  in  the  order  ab,  be,  ca.  It  la 
plain  that  a  d  represents  the  northing  of  the  side  a  b ; 
fa  the  northing  of  ca;  and  df  the  southing  of  be. 
Now  If  we  mult  the  northing  ad  of  the  side  afe,  by  Iu 
mid  dlst  e  w,  the  prod  ia  the  area  of  the  triangle  abd. 
Id  like  manner  the  northing  fa  of  the  side  ea,  mult  by 
Its  mid  dist  a  o,  gives  the  area  of  the  triangle  a  cf.  Again, 
the  touthing  d/ of  the  aide  6  c,  mult  by  its  mid  dlst  mn, 
gives  the  area  of  the  entire  fig  dbcfd.  If  from  this 
area  we  subtract  the  .areas  of  the  two  triangles  a  &  d, 
and  aef,  the  rem  is  evidently  the  areR  of  the  plot  aic 
'b  aoy  other  plot,  however  oomplloaied. 
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fTMlMl.    Tk«TemwlUb«tb«»rMerth«M»t»yi*ftqfl:whieh,diTb7  486tl,((k«»uib««r  aqft 
&  an  Aore.)  will  b«  the  atm  in  aorea ;  in  tbia  inatanoe,  37.67  ao. 

It  new  rsmaina  •nlj  to  ealenlale  tke  Mrraetod  bearings  and  lengtks  of  the  aidee  of  the  aitn^,  all 
ef  which  are  neoeaaanly  ohanfed  bj  the  adoption  of  the  oorrected  lata  and  depa.  To  find  the  bearing 
of  anj  aide,  dir  ita  defMurture  (K  or  W)  bj  lu  lat  (N  or  S) ;  in  the  table  of  nat  tang,  find  (he  qaot ; 

801. SW 
the  angle  oppoeite  it  la  the  reqd  angle  of  beaTtng     Thoa,  for  the  eoorae  ef  aide  1,  we  have . 

=  .3973= nat  tang ;  oppoelU  whloh  in  the  table  la  the  reqd  aai^»  lis^  S8'  j  the  bearing,  therefora,  la 

▲gain :  for  the  diat  or  length  of  any  aide,  from  the  table  of  nat  coeines  take  the  ooa  oppoaite  to 
the  angle  of  the  corrected  bearing ;  <Uvide  the  corrected  lat  (N  or  8)  of  the  aide  bj  the  ooa.    Taua 
fbr  the  diat  of  aide  1,  we  find  oppoeite  16°  8S',  the  coa  .9686.    And 
Lat.       Cos. 
1013.8  -f-  .9686  k  K)67.6  the  reqd  dlst 
The  feUowiag  table  oontaina  an  the  oorrections  of  the  f(H«golag  sorrey ;  oonseqMiitlj,  If  the  bear. 


8id^ 

Bearing. 

LiMLVL 

N  Iflosa'  W 

N  7ft<*  ay  B 

3  6(f0  2S'  B 
S40O53'  W 
N  190  44'  W 
S63«>21'W 

1067.6 
1204.0 
U13.3 
840.6 
800.1 
704.3 

Id  diets  are  eorreotly  plotted,  ttaev  will  0        .      _    . 

e  dolnc  this,  aa  well  aa  dividing  the  plot  into  triangles,  and  eompating  the  eontent.    In  thie 
r  he  will  aoon  learn  what  degree  of  care  la  neoeaaary  to  Inaure  accurate  reaalu. 


practise  d 

utnnner  he  wHl  soon  learn  what  degree  o 

The  following  hlnte  may  often  T>e  of  serrlee. 
1st.  Avoid  taking  bearings  aiid 
diets  ak»g  a  oirenitous  boond* 
ar  J  line  like  a  6  o»  Fig  7 ;  but  rna 
the  straight  line  a  c;  and  at 
right  angles  to  it,  measure  off- 
sots  to  the  crooked  line.  M. 
Wishing  to  Burvej  a  straight 
line  from  a  to  e,  bat  being  una- 
ble to  <Urect  the  instrument 
precisely  toward  e,  on  aoeonnt 
•f  intervening  weeds,  or  other 
obstacles;  first  run  a  trial  line, 
aa  a  •».  as  nearly  in  the  proper 
direction  as  can  be  guessed  at. 
Measure  me.  and  say,  a«  a  mis  to  in  0,00  k  100  ft  to?  Lay  off  •  o  enal  to  100  fl.  and  o  s  entf 
to  r ;  and  run  the  final  Hne  ate  Or.  if  «»  c  is  quite  small,  calculate  off«ets  like  e  a  for  every  100  ft 
along  a  m,  and  thus  avoid  the  necessity  for  running  a  second  line.  Sd.  When  e  is  vlaible  tVom  a,  but 
the  tetwvenlog  ground  dlfBonlt  to  meaanre  along,  on  aeoomt  ef  mafabea,  te.  estaod  the  aide  y  • 
to  good  ground  at  I:  then,  making  the  angley<4  eqnal  toyacrun  the  Une  <  •  to  that  point  4  at 
whloh  the  angle  n  d  c  is  found  by  trial  to  be  equal  to  the  engle  atd.  It  wiU  rarely  be  neeeesary  to 
make  more  than  one  trial  for  this  point  d;  for,  snppoM  U  tolw  made  at  c.  aee  where  it  strikee  •  e  at 
i;  measnreie,  and  eentlnne  from  «,  making  x  «i  =< c  4tk.  In  case  of  a  very  irregular  pieoeof 
land,  or  a  lak^  Fig  8.  surround  It  by  ntrati^t  linee.  Survey  theee,  and  at  right  anglee  le  them, 
meaanre  olbeu  to  the  orooked  boundary,  ftth.  Surveying  a  straight  line  tnm  w  towu«y,  lift 


range  with  them,  I  lay  a  straight  rod  eb  mi  the  ground,  and  point  It  to  one  of  tbe  c^ 

going  to  the  end  e,  I  find  that  It  does  not  point  to  tbe  otk  t  ob|eot.    Bt  soeeeMlve  trials,  I  find  the 

lieelUon  e  #  in  whieh  U  polnis  tp  both  ol^eets,  and  eooseti;  «tiy  le  in  range  with  them. 
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Chains.  Engineers  have  abandoned  the  Ounter's  chain  of  66  ft,  divided 
into  100  links  of  7.92  ins  each.  They  noir  use  a  chain  of  100  ft,  with  100  links 
of  1  ft  each,  and  calculate  areas  in  sq  fi;,  the  number  of  which,  divided  by 
43,560,  reduces  to  acres  and  decimals,  instead  of  to  acres,  roods,  and  pcrchM. 
Gunter's  chain  is  used  on  U.  H.  Government  land  surveys. . 

Chains  are  commonly  made  of  iron  or  steel  wire.  E^h  link  is  bent  at  each 
of  its  ends,  to  form  an  eye,  by  which  it  is  connected  with  the  adjacent  links, 
either  directl;^,  as  in  the  Grumman  patent  chain,  or,  more  coiumouly,  by  from 
1  to  8  small  wire  links.  The  wear  of  tuese  links  is  a  fruitful  source  of  inaccuracy, 
inasmuch  as  even  a  very  alight  wear  of  each  link  considerably  increases  the 
length  of  the  chain.  Hence,  chains  should  be  compared  with  some  standard, 
such  as  a  target  rod,  every  few  days  while  in  use.  For  transportation,  the 
lengths  are  folded  on  each  other,  making  a  compact  and  sheaf-like  buudle. 

Tapes.  With  improved  fkcilities  for  the  manufiictaniof  steel  tape,  the  chain 
is  goiug  out  of  use.  The  ti^>e.  being  much  lighter,  rttquire*  much  less  pull,  and, 
as  there  are  no  links  to  wear,  its  length  is  mueh  more  nearly  constant  than  that 
of  the  chain.  It  is  r^lacing,  to  some  extent,  the  base-measuring  rod  for 
accurate  geodetic  work.  Steel  tapes  are  made  in  continuous  lengths  up  to  600, 
600,  and  even  1000  ft,  but  those  of  100  ft  are  the  most  oommonfy  nsea.  Very 
long  tapes  are  liable  to  breakage  in  handling.  Even  the  shorter  lengths,  unless 
handled  carefully,  are  apt  to  kmk  and  brea£  Breaks  are  difficult  to  mend,  and 
the  repaired  joint  is  seldom  satisfactory ;  whereas  a  kink  in  a  wire  chain  seldom 
involves  more  than  «  temporary  change  of  length.  Being  run  ov^  by  a  car  or 
wagon  will  often  kink  steel  tapes  very  badly,  if  it  does  not  break  them.*  How- 
ever, the  lightness,  neatness,  and  reliability  of  the  tape  of&et  these  disadvan- 
tages, which,  indeed,  the  surveyor  soon  learns  to  overcome. 

Tapes  for  general  field  work  are  usually  narrow  (from  0.10  to  0.25  in)  and 
thick  (from  0.018  to  0.025  in),t  and  are  graduated  by  means  of  small  brass 
and  copper  rivets,  spaced,  in  general,  5  ft  apart,  1  ft  l^>art  in  the  10  ft  at  each 
end,  ana  0.1  ft  apart  in  the  ft  at  each  end.    They  are  usually  mounted  on  reels. 

Tapes  for  city  work  are  wider  (from  0.25  to  0.5  in)  and  thinner  (from  0.007  to 
0.010  in)t  and  are  graduated  (usually  to  0.01  ft)  throughout  their  length  by 
means  of  lines  and  numerals  etched  on  the  steel. 

Pins  are  ordinarily  of  wire,  pointed  at  the  lower  end,  and  bent  to  «  ring  at 
the  upper  end.  They  can  be  forced  into  almost  any  ground  that  is  not  exceed- 
ingly stony.  A  steel  ring,  like  a  large  key  ring,  is  often  used  for  carrying  the 
pins.  Each  pin  should  have  a  strip  of  bright  red  flannel  tied  to  its  top,  in  order 
that  it  may  be  readily  found,  among  the  grass,  etc.,  by  the  rear  chainman. 

Corrections  for  Hbk  and  Stretch.  The  following  diagram  %  (see  pk 
288)    gives  the  correction  wr  a  steel  tape  weighing  0.75  B>  per  100  fkf 

*The  Nichols  Engineering  &  Contracting  Co.,  Chicago,. guarantees  that  its 
tapts  will  not  be  injured  by  beine  run  over  by  wagons. 

TThe  sizes  of  tapes,  as  made  by  different  manufacturers,  vary  greatly.  In 
applying  the  corrections,  therefore,  the  width  and  thickness  of  the  tape  to  be 
used  should  be  carefully  measured,  and  its  weight  per  ft  computed. 

X  Deduced  from  diagrams  constructed  by  Mr.  J.  O.  Clarke,  Proceedings  Engi- 
neers' Club  of  Philadelphia,  AprU,  1901,  Vol.  XVIII,  No.  2.  from  the  fimnula: 

where  ^ 

P  »»  pull  on  tape,  in  fts.    .     / 

S  =»  span  of  tape,  in  imm/^*^ 

E  =»  modulus  of  ebisticlty  for  steel  *»  27,500,000  lbs  per  sq  In. 

A  =  area  of  cross-section  of  tape  weighing  0.75  9)  per  100  ft. 
a  0.0022  square  ins, 
and  from  the  equation  of  the  parabola,  according  to  which 

Shortening  by  sag  =  ^i^    f^AW^ 

where  "W  =•  weight  of  tape  in  pounds  per  foot.  ^ 

Except  for  very  light  pulls,  this  last  formula  gives  practically  the  same  resolti 
as  the  equation  of  the  catenary,  which  is  absohitely  eorreot,  but  much  mord 
cumbersome. 
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+1.0 


^M^y 

Bo      ^      ^ 

|i^_:    !^-i^^+i  I    : 

O  S  10  IS  20  23  30 

Pull  in  Lb;  on  Steel  Tape  Weighing  0.7 J  lA.  per  lOO  fi. 


The  diagram  shows  that  a  span  of  100  ft  of  tape  weighing  0.75  t>  per  100  ft, 
requires  a  pull  of  11.2  lbs  to  redace  the  correctiOQ  to  zero ;  a  span  of  60  ft,  7.8  lbs, 
etc  At  these  tensions  (which  are  called  normal  palls),  the  opposite  effects  of 
sag  and  of  stretch  are  equal.  At  higher  tendons,  the  Lengthening  due  to  stretch 
exceeds  the  shortening  due  to  sag,  and  vice  rersa. 

TA|»e0  of  other  welshta  require  pulls  proportional  to  their  weights  or 
to  their  areas  of  cross  oectton.     Thus,  a  tape,  of  anv  langth,  weighing  1  lb 

lOU 
per  100  ft,  would  require,  for  any  given  correction,  a  pull  ot  z»  -sgy^l^iVt 

where  y  «  the  pull  for  the  same  correction  on  the  standard  tape,  weighing  0.75 
fi>  per  100  ft. 

Conversely ;  given  a  pnll  of  10  lb»  on  a  50  ft  span  of  a  tape  weighing  0.6  lb  per 
100  ft ;  required  the  correction.    To  produce  the  same  error  in  the  tape  weighing 

0.75  lb  per  100  ft  would  require  a  pull  of  y  =*  10  X  ^5  =  12.9  ftw.    Referring  to 

the  diagram  at  12.5  lbs  on  the  curve  for  a  50  ft  span,  we  find  correction  =•  —0.16. 
This  is  the  proper  correction  for  either  the  heavier  tape  with  115  B»  or  for  the 
lighter  tape  with  10  fte  pulL 

Corrections  for  temperature.  Tapes  are  nsualTj  graduated  so  as  to 
be  of  standard  length  at  62^Fahr.  For  ordinary  steel  tape,  the  correction  for 
temperature  is  about  0.0000065  ft  per  ft  per  degree  Fahr. 

Corrections  for  temperature  are  uncertain,  since  the  temperatnre  of  the  tape 
cannot  be  determined  with  any  accuracy.  Measurements  requiring;  great 
accuracy  should  therefore  be  made  in  cloudy  weather,  or  at  night,  and  the  tape 
and  the  thermometer  should  be  kept  off  the  ground. ' 

When  measuring  over  sloping^  gr>*onnd,  in  ordinary  work,  the  chain  or 
tape  should  be  held  as  nearly  horizontal  as  possible,  transferring  the  position  of 
the  raised  end  to  the  ground  by  means  of  a  plumb  line.  Where  the  ground  is 
steep,  it  becomes  necessary  to  use  a  short  length  of  tape,  as  the  down-hill  chain- 
man  conld  not  otherwise  bold  his  end  high  enough;  or  the  tape  may  be  held 
parallel  with  the  slope,  and  the  distance  corrected  by  the  following  formulas : 


-5-  =  cos  A  :    H  »  8.  cos  A :    8  =- r-  = 

8  '  '  cosA 


H.  sec  A ; 


=  =  tan  A ;    R  = 


'  H.  tan  A ; 


=-  »8inA;     B»S.  fl 
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liOGATIOir  OF  THE  MERIDIAIT. 
By  means  of  circumpolar  iitars. 

(1)  Seen  from  a  point  O  (Fi^.  1  and  2)  on  the  earth,  a  circumpolar  star  t 
(star  near  the  pole  P)  appears  to  describe  daily*  and  counterclockwise  a 
small  circle,  c  uw  I,  about  the  pole.  The  angle  P  O  c,  P  O  m,  etc.,  subtended 
by  the  radius  P  c,  P  «,  etc.,  of  this  circle,  or  the  apparent  distance  of  the 
star  trom  the  pole,  is  called  its  polar  distance.  The  polar  distances  of 
stars  vary  sligntly  from  year  to  year.  See  Table  3.  They  vary  slightly  also 
during  each  year.  In  the  case  of  Polaris  this  latter  variation  amounts  to 
about  50  seconds  of  arc. 

(2)  The  altitude  of  the  pole  is  the  angle  N  O  P  of  the  pole's  elevation 
above  the  horizon  N  E  S  W,  and  is  =  the  latitude  of  the  point  of  obser- 


FlG.  I 


Fig. 


vation.  Declination  =  angular  distance  north  or  south  from  the  celestial 
equator.  Thus,  declination  of  pole  =  90°.  Declination  of  any  star  =  90®— its 
polar  distance. 

(8)  Let  Z  0  H  be  an  arc  of  a  vertical  circlet  passing  through  a  circumpolar 
star,  e,  and  let  H  be  the  point  where  this  arc  meets  the  horizon  N  E  8  W. 
Then  the  angle  N  Z  H  at  the  zenith  Z,  or  N  O  H  at  the  point  O  of  observa- 
tion, between  the  plane  N  Z  O  of  the  meridian  and  the  plane  H  Z  O  of  the 
star's  vertical  circle  (or  the  arc  N  H),  is  called  the  asimuthl  of  the  star. 
If  this  angle  N  O  H  be  laid  oflf  from  O  H,  on  the  ground,  the  line  O  N  will  be 
in  the  plane  of  the  meridian  N  Z  S,  or  will  be  a  north-and-sontli 
line.ll 

(4)  When  a  star  is  on  the  meridian  Z  N  of  the  observer,  above  or  below 
the  pole  P,  as  at  u  or  ^,  it  is  said  to  be  at  its  upper  or  lower  culmina- 
tion, respectively.  Its  azimuth  is  then  =  0,  tne  line  O  H  coinciding  with 
the  meridian  line  O  N. 

(5)  When  the  star  has  reached  its  ^eatest  distance  east  or  west  from  the 
pole,  as  at  e  or  w,  it  is  said  to  be  at  its  eastern  or  western  elonga- 
tion.! 


*  In  23  h.  56.1  m. 

t  A  great  circle  is  that  section  of  the  surriace  of  a  sphere  which  is  formed 
by  a  plane  passing  through  the  center  of  the  sphere.  A  vertical  circle  is  a 
great  circle  passing  through  the  zenith  Z. 

X  Astronomers  usually  reckon  azimuth  from  the  south  point  around 
through  the  west,  north,  and  east  points,  to  south  again :  but  for  our  pur- 
pose it  is  evidently  much  more  convenient  to  reckon  it  from  the  north 
point,  and  either  to  the  east  or  to  the  west,  as  the  case  may  be. 

I  The  point  N,  on  the  horizon,  is  called  the  nortli  point,  and  must  not 
be  confounded  with  the  north  pole  P. 

g  As  seen  from  the  equator,  a  star,  at  either  elongation,  is,  like  the  pole 
itself,  on  the  horizon;  and  the  two  lines  Pc,  Pw,  joining  it  with  the  pole, 
form  a  single  straight  line  perpendicular  to  the  meridiaEri>and  lydng  in  the 
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(6)  The  lioar  anyle  of  any  star,  at  any  giren  moment,  Ib  the  time 
which  has  elapsed  since  It  was  in  upper  culmination.* 

(7)  Evidently  the  azimuth  of  a  star  is  continually  changing.  In  cir- 
cumpolar  stars  it  varies  from  0^  to  maximum  (at  elongation)  and  back  to 
(P  twice  daily,  as  the  star  appears  to  revolve  about  the  pole ;  but  when  the 
star  is  near  either  elongation  the  change  in  azimuth  tases  place  so  slowly 
that,  for  some  minutes,  it  is  scarcely  perceptible,  the  star  appearing  to 
travel  vertically. 

(8)  Given  the  polar  distance  of  a  star  and  the  latitude  of  the  point  of 
observation,  the  asimntli  of  the  star,  at  elonfrAilon,  may  be  found 
by  the  formula.f 

sine  of  polar  distance  of  star 


Sine  of  azimuth  of  star  « 


cosine  of  latitude  of  point  of  observation 


or  see  Q-1)  and  Table  8. 

(9)    The  following  circumpolar  stars  are  of  service  in  connection  with 
observations  for  determining  the  meridian.    See  Fig.  8. 
Constellation  Letter 

Ursa  minor  (Little  bear)  a  (alpha) 

Ursa  major  (Great  bear)  •  (epeilon) 


Cassiopeia 


(delta) 


Called 
Polaris 
Alioth 
Mizar 
Delta  t 


^-/ 


(10)  Polaris,  or  the  north  star,  is  fortunately  placed  for  the  determi- 
nation of  the  meridian,  its  polar  distance  being  only  about  1K°-  See  Table 
8.  Fig.  3  shows  the  circumpolar  stars  as  they  appear  about  midnight  in 
July ;  inverted,  as  in  January :  with  the  left  side  uppermost,  as  in  April ; 
and,  with  the  right  side  uppermost,  as  in  October.! 


horizon.  The  azimuth  of  the  star  is  then  »  its  polar  distance.  But  in 
other  latitudes  P  e  and  P  w  form  acute  angles  with  the  meridian,  as  shown, 
and  these  angles  decrease,  and  the  azimuth  of  the  star  at  elongation  in- 
creases, as  the  latitude  increases. 

*  In  lat.  40°  N.,  the  hour  angle,  ZP«  =  ZPw.  of  Polaris,  at  elongation,  is 
=  5  h.  55  m.  of  solar  time.    Caution.    It  will  be  noticed  that,  except  for 
an  observer  at  the  equator,  the  elongations  do  not  occur  at  90°  from  the 
meridian. 
t  In  the  spherical  triangle  Z  P  «,  we  have : 

sin  g  Z  P       sinPg 

sin  Z  e  P  ^  sin  P  Z 

But,  since  Z  f  P  =  90°,  sin  Z  c  P  =  1.    Also,  sin  P  Z  =  cos  (90°  —  P  Z),  and 

eZ  P==  azimuthofe.  .  "  

„  :,       _^      x^    ^         sin  Pg       sin  polar  distance  P  0  g 

Hence,  sin  azimuth  of  e  =  ^^^-^  =        '^eos  la¥tiide 
t  3  (Cassiopeia  is  here  called  Delta,  for  brevity. 

I  Polaris  is  easily  found  by  means  of  the  two  well-known  stars 
ealled  the  *'  pointers  "  in  "  the  dipper,"  Fig.  3,  whiahvforms  the  binder 
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(11)  Table  8  gives  the  poldr  dlitances  of  Polaris  and  their  log  sines  for 
January  1  in  each  third  year  from  1900  to  1930  inclusive,  the  log  cosinee 
of  eabh  fifth  deeree  of  latitude  from  20*^  to  50°,  and  the  corresponding 
azimuths  of  Pouiris  at  elongation.  Intermediate  values  may  be  taken  by 
interpolation.*  .  _^^         ^^   ^ 

(13)  By  observation  of  Polaris  at  elonaration.  This  method 
has  tne  convenience,  that  at  and  near  elongation  the  star  appears  to  travel 
vertically  for  some  minutes,  its  azimuth,  during  that  time,  remaining 
practically  constant ;  but  during  certain  parts  of  the  year  (see  Table  1),  the 
elongations  of  Polaris  take  place  in  daylight ;  so  that  this  method  cannot 
then  be  used.  X  See  (18),  (19),  (22).  Nor  can  it  be  used  at  any  time  in  places 
south  of  about  49  N.  lat.,  because  there  Polaris  is  not  visible. 

(18)  The  approximate  times  of  elongation  of  Polaris  for  certain  dates, 
in  1900,  are  given  in  Table  1,  with  instructions  for  finding  the  times  for 
other  dates.  Or,  watch  Polaris  in  connection  with  any  of  those  stars  which 
are  nearly  in  line  with  it  and  the  pole,  as  Delta,  Mizar,  and  Alloth.  See 
Fig.  3.  The  time  of  elongation  Is  approximated,  with  sufficient  closeness 
for  the  determination  of  the  azimuth,  by  the  cessation  of  apparent  hori- 
zontal motion  during  the  observation. 

(14)  From  fifteen  to  thirty  minutes  before  the  time  of  elongation,  have 
the  transit,  see  (21),  set  up  and  carefully  centered  over  a  stake  previously 
driven  and  marked  with  a  center  point.  The  transit  must  be  in  adjust- 
ment, especially  in  regard  to  the  second  adjustment,  p.  2M,  or  that  of  the 
horizontal  axis,  by  which  the  line  of  coUimation  is  made  to  describe  a  ver- 
tical plane  when  the  transit  is  leveled  and  the  telescope  is  swung  npward 
or  downward. 

(15)  Means  must  be  provided  for  illuminating  the  cross-hairs  of  the  tran- 
sit. X  This  may  be  done  by  means  of  a  bull's 
eye,  or  a  dark  lantern,  so  held  as  not  to  throw 
its  light  into  the  eye  of  the  observer ;  or,  better, 
by  means  of  a  piece  of  tin  plate,  cut  and  per- 
forated as  in  Fig.  4,  bent  at  an  angle  of  45°,  as 
in  Fig.  5,  and  painted  white  on  the  surface 
next  to  the  telescope.    The  ring,  formed  by 
bending  the  long  strip,  is  placed  around  the  , 
object  end  of  the  telescope.  A  light,  screened  ' 
from  the  view  of  the  observer,  Is  then  held, 
at  one  side  of  the  instrument,  in  such  a  way       Fig.  4.  Fig.  5. 
that  its  rays,  fklling  upon  the  oblique  and 

whitened  surface  of  the  tin  plate,  are  reflected  directly  into  the  telescope. 

(16)  Bring  the  vertical  hair  to  out  Polaris,  and,  hy  means  of  the  tangent 
screw,  follow  the  star  as  it  appears  to  move,  to  the  ngtU  if  approaching  eo^ 
em  elongation,  and  vice  versa^  keeping  the  nair  upon  the  star,  as  nearly  as 
may  be.  As  elongation  is  approachea,  the  star  will  appear  to  move  more 
and  more  slowly.  When  it  appears  to  travel  vertically  along  the  hair,  it 
has  practically  reached  elongation,  and  the  vertical  plane  of  the  transtt, 
toith  the  vertical  Jiair  cutting  the  star,  is  in  the  plane  of  the  star's  vertical  circle. 
Depress  the  telescope,  and  fix  a  point  in  the  line  of  sight,  preferably  800 
feet  or  more  distant  from  the  transit.f  Immediately  reverse  the  transit, 
(swinging  it  horizontally  through  an  arc  of  180°),  sight  to  the  star  again, 

portion  of  the  "  great  bear  "  (Ursa  major),  a  line  drawn  through  these,  two 
stars  passing  near  Polaris.  As  the  stars  in  the  handle  of  the  dipper  form 
the  tail  of  the  great  bear,  as  shown  on  celestial  maps,  so  Polaris  and  the 
stars  near  it  form  the  tall  of  the  little  bear  (Ursa  minor.)  Polaris  is  also 
noarly  midway  and  in  line  between  Delta  and  Mizar.  Polaris  forms,  with 
three  other  and  less  brilliant  stars,  a  quite  symmetrical  cross,  with  Polaris 
at  the  end  of  the  right  arm.  In  Fig.  3  this  cross  is  inverted.  Its  height  Is 
about  5°,  or  =  the  distance  between  the  pointers. 

*  Part  of  a  table  computed  by  the  Surveying  Class  of  1882-8,  School  of 
Engineering,  Vanderbilt  University,  Nashville,  Tenn.,  and  published  by 
Prof  OUn  H.  Landreth. 

t  The  stake  must  be  illuminated.  This  may  be  done  bv  throwing  light 
upon  that  side  of  the  stake  which  faces  the  transit,  or,  better,  by  holding  a 
sheet  of  white  paper  behind  the  stake,  with  a  lantern  behind  the  paper.  In 
the  latter  case,  the  cross-hairs  of  the  transit,  as  well  as  the  stake,  and  the 
knife-blade  or  pencil-point  with  which  the  assistant  marks  It,  show  out 
^ark  against  the  illuminated  surface  of  the  paper. 


X  See  Note,  pnge  290.  '9^ zed  by 
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again  depress,  and,  if  the  line  of  eight  then  ooinoiOes  ptrHeetlT  vith  the 
mark  first  set,  both  are  in  the  plane  of  the  star's  Tertical  eirele.  If  not, 
note  where  the  line  of  sight  does  strike,  and  make  a  third  mark,  midway 
between  the  two.  The  line  of  sight,  when  directed  to  this  third  mark,  is  in 
the  required  plane,  from  which  the  asimuth,  found  as  in  (8),  has  yet  to  be 
laid  on  to  the  meridian,  to  the  l^  from  eastern  elonsation,  and  vice  vena. 

(17)  To  avoid  driving  the  distant  stake  and  marking  it  during  the  night, 
a  fixed  target  at  any  convenient  point  may  be  used,  and  the  norizontal 
angle  formed  between  the  line  oi  sight  to  the  star  and  that  to  the  tarcet 
merely  noted,  for  use  in  ascertaining  and  laying  off  the  azimnth  of  me 
target. 

(18)  By  observation  of  Polaris  at  enlmliiatloii.  Owing  to 
its  greater  difficulty,  this  method  will  generally  be  used  onlv  when  that 
by  elongation  is  impracticable.  It  consists  in  watctiing  Polaris  in  connec- 
tion with  another  circumpolarstar  (such  asMiaar  *or  Delta)  until  Polaris  is 
seen  inthe  same  rertieal  plane  with  such  star,  and  then  waiting  a  short  and 
known  time  T,  as  ft)llows,t  untU  Polaris  reaches  culmination,  where- 
upon Polaris  is  sighted  and  the  line  of  colllmation  is  in  the  meridian.  At 
their  upper  culminations,  Mizar  and  Delta  are  too  near  the  seuith  to  be 
conveniently  observed  at  latitudes  north  of  about  25°  and  2fP  reBx>ectiyely. 
At  their  lower  culminations  they  are  too  near  the  horizon  to  be  used  to 
advantage  at  places  much  below  about  88°  of  H.  latitude.  In  general. 
Delta  is  conveniently  observed  at  lower  culmination  from  February  to 
August,  and  Mizar  during  the  rest  of  the  year. 

.    Mizar  DelU 

T=  T  = 

In  1900 2.6  mins       8.4  mlns 

Inl910 6.5  mins       7.2  mins 

Mean  annual  increase,  1900-1910 .     0.89  min        0.38  min 

(19)  By  observation  of  Polaris  at  any  |»olMt  la  Its  path. 
Table  1  gives  the  mean  solar  times  of  upper  culmination  of  Polaris  on  the 
1st  of  each  month  in  1900,  and  directions  xor  ascertaining  the  times  on  other 
dates ;  and  Table  2  gives  the  admuths  of  Polaris  corresponding  to  different 
values  of  its  hour  an^le  in  civil  or  mean  solar  time,  for  different  latitudes 
from  30°  to  50°,  and  for  the  years  1901  and  1906.  For  hour  angles  and  lati- 
tudes irf  ermediate  of  those  in  the  table,  the  azimuths  may  be  taken  by 
interpolation.    See  Caution  and  formula,  p.  290. 

(20)  The  local  time  |  of  observation  must  be  accurately  known,  and  the 
time  of  the  preceding  upper  cnl  mination  (as  obtained  ftom  Table  1)  deducted 
from  it.  The  difference  is  the  hour  angle.  If  the  hour  angle,  thus  found, 
is  11  h.  58  m.  or  less,  the  star  is  west  of  the  meridian.  If  it  is  greater  than 
11  h.  58  m.,  the  star  is  east  of  the  meridian.  In  that  case  deduct  the  hour 
angle  from  23  h.  56  m.  and  enter  the  table  with  the  remainder  as  the  hour 
angle.    See  Fi*j.  1 . 

(J»l)  Where  great  accuracy  is  not  required,  Polaris  may  be  observed  by 
means  of  a  plumb-line  and  sight.  A  brick,  stone,  or  other  heavy  object 
will  answer  perfectly  as  a  plumb-bob.  It  should  hang  in  a  pall  of  water. 
A  compass  sight,  or  any  other  device  with  an  accurately  straight  slit  about 
1^16  inch  wide,  may  be  used.  The  sight  must  remain  always  perfectly  verti- 
cal, but  must  be  adjustable  horizontally  for  a  few  feet  east  and  west.  The 
plumb-line  and  sight  should  be  at  least  15  feet  apart,  and  so  placed  that  the 
star  and  plumb-line  can  be  seen  together  througa  the  sight,  throughout  the 
observation.  The  plumb-line  must  be  illuminated.  It  is  well  to  arrange 
all  these  matters  on  an  evening  preceding  that  of  the  observation.  When 
the  star  reaches  elongation,  the  sight  must  be  fastened  in  range  with  the 
plumb-line  and  the  star.  From  the  line  thus  obtained,  lay  off  the  azimuth ; 
to  the  west  for  eastern  elongation,  and  vice  versa. 

(90)  By  any  star  at  «q«ial  altittides.  This  method,  applicable 
to  south  as  well  as  to  north  latttndes,  consists  in  observing  a  star  when  it 
is  at  any  two  equal  altitudes,  £.  and  W.  of  the  meridian,  thus  locating,  on  the 
horizon,  two  points  of  equal  and  c^posite  azimuth.  The  meridian  will 
be  midway  between  the  two  points. 

*  Mizar  will  be  recognized  by  the  small  star  Alcor,  close  to  it. 

t  Deduced  from  values  calculated  in  astronomical  time  (p.  266)  by  the 
IT.  S.  Coast  and  Geodetic  Survey. 

t  I«ocal  time  agrees  with  standard  time  (p.  267)  on  the  standard 
meridians  only.  For  other  points  add  to  standard  time  4  minutes  for  each 
degree  of  longitude  east  of  a  standard  meridian,  and  vice  versa. 
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(93)  By  equal  sliaclows  flrom  the  snii.  Fig.  6.  Approximate. 
At  the  solstices  (about  June  21  and  December  21)  the  path  abed  trayersed 
before  and  after  noon,  by  the  end  of 
the  solar  shadow  O  a,  etc.,  of  a  verti- 
.  cal  obiect  O,  or  by  the  shadow  of  a 
knot  tied  in  a  plumb-line  suspended 
over  O,  will  intersect  a  circular  arc 
a  N  d,  described  about  O,  at  equal  dls- 
tanees,  am,  md,  from  the  meridian 
O  N.  The  observations  should  be 
made  within  two  hours  before  and 
after  noon.  At  the  vernal  equinox 
(March  21)  the  line  thus  located  will 
then  be  west,  and  at  the  autumnal 
equinox  (Sept.  21)  east,  of  the  merid- 
ian, by  less  tnan  2U  minutes  of  arc.  For  intermediate  dates  the  error  is 
nearly  proportional  to  the  time  elapsed.  It  is  well  to  draw  several  arcs 
of  difl^erent  radii,  O  a,  O  &,  etc.,  note  two  points  where  the  path  of  the  shadow 
intersects  each  arc,  and  take  the  mean  of  all  the  results.  A  small  piece  of 
tin  plate,  with  a  hole  pierced  through  it,  may  be  placed  with  the  hole 
vertically  over  O ;  and  the  bright  spot,  formed  by  the  light  shining  through 
the  hole,  used  in  place  of  the  end  of  the  shadow. 

Table  1. 

Approximate  civil  times  of  elonfration  and  enlmination 
of  Polaris  in  lat.  40°  N.,  long.  90°  W.  from  Greenwich,  on  the  first  of  each 
month,  in  1900. 

The  times  given  in  this  table  are  mean  solar  or  local  times. 

P.  H.  times  (between  noon  and  midnight)  are  printed  in  bold-foee. 

In  latitude  26°,  W.  elongations  occur  later  and  E.  earlier )  >,_.  „«o^w  o  «^i*,- 

In  latitude  50°,  W.        *"  "    earlier  and  E.  later  I  ^y^^^-'^y  2  mins. 

The  correction  for  longitude  amounts  to  scarcely  a  minute  of  time  in  any 
part  of  the  United  States. 

For  other  days  of  the  month,  deduct  3.94  min.  for  each  succeeding  day. 

In  general ,  the  times  are  a  little  later  each  vear.  In  1904  they  will  be  about 
5%  minutes  later,  but  in  1905,  only  about  3  minutes  later,  than  in  1900.  This 
discrepancy  is  due  to  the  occurrence  of  leap-year  in  1904. 

Inasmuch  as  this  table  serves  chiefly  to  put  the  observer  on  guard,  and  as 
he  should  be  at  his  post  from  15  to  30  minutes  in  advance  of  these  times, 
the  gradual  increase  in  the  times  is  of  little  consequence.  The  position  of 
the  star  at  elongation  is  determined  by  observation. 

At  culmination,  where  the  change  in  azimuth  is  most  rapid,  an  error  in 
time  of  2  minutes  in  observing  Polaris  involves  an  error  of  about  1  minute 
of  azimuth. 

At  elongation, 

will  make  an  error  in  azimuth  of 
less  than  90      seconds 
less  than   6  " 

less  than  2  " 

about        0.06  second 
In  all  latitudes,  each  culmination  follows  the  preceding  one  by  11  h.  58  m. 
™ean  solar  time.    The  times  between  successive  elongations  vary  with  the 


an  error  in  time  of 
20  minutes 
10  minutes 

5  minutes 

1  minute 


Elongrations.    (E,  eastern :  W,  western.)     1900. 


Jan.  1.  W.      Feb.  1.  W.  Mar.  1.  W. 

12.31A.M.  10.80  P.M.  8.40  P.  M. 

July  1.  E.  Aue.  1.   E.  Sept.  1.  E. 

12.51A.M.  10.46  P.M.  8.4iBP.]!I. 


Apr.l.  W. 

6.38  P.  H. 

Oct.  1.  E . 

6.47  P.  H. 


Mayl.  E. 
4.50  A.  M. 
Nov.l.W. 
4.38  A.  M. 


Jun.  1.  E 
2.49  A.  M. 
Dec.  1.  W. 
2.35  A.  M. 


Jan.  1.  U. 
6.S8  P.  M. 

Julyl.  L. 
^^44  P.  M. 


Culminations. 

Feb.  1.  L. 
4.38  A.  M. 
Aug.  1.  U. 
4.45  A.  M. 


(U,  upper ;  L,  lower.) 

Mar.  1.  L.  Apr.  1.  L. 

2.47  A.  M.  12.45  A.  M. 

Sept.  1.  U.  Oct.  1.  U. 

2.43  A.M.  12.46  A.M. 


1900. 


May  1.  L. 
10.43  P.  M. 


June  1.  L. 
8.4»P.]!I. 

Nov.  1.  U.        Dec.  1.  U. 
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AZIMUTHS  OF  POLARIS 


Hour  Angle 

Azimuth  for  latitude 

Hour 

Angle 

Azimuth  for  latitude 

Mean  solar  time 

Meau  solar  tiiu» 

1901  1906 

\ 

300 

a5°,40<> 

45* 

0       f 

50° 

1901 

1906 

30° 

o     / 

1         1 
35°  40°  45° 

o      ^  o     /  o     / 

5«o 

h  m 

h  m 

O       f 

0       /  O       f 

o       / 

h  m 

h  m 

O       f 

0    4 

0    4 

0    20    2  0    2  0    2 

0     2 

6  57 

6  27 

1  21  1  26jl  32; 1  39 

I  49 

U     8 

0    9 

0    3|0    3  0    4,0    4 

0     4 

7  12 

6  62 

1  20,1  24  1  30  1  37 

1  47 

0  13 

0  13 

0    5,0    50    5,0    6 

0    6 

7  25 

7    9 

1  18  1  22il  28il  35 
1  16  1  20  1  26;i  33 

1  44 

0  17 

0  17 

0    60    7|0    7iO    8 

0     8 

7  3S 

7  25 

1  42 

0  21 

0  21 

0    8  0    8  0    9  0  10 

0  U 

7  48 

7  88 

1  14|1  19  1  24|l  31 

1  39 

0  25 

0  26 

0    9  0  10  0  lliO  12 

0  13 

7  57 

7  47 

1  I3jl  17  1  22jl  29 

1  37 

0  29 

0  30 

0  11  0  12  0  12  0  14 

0  15 

8    5 

7  57 

1  llil  16  1  2011  27 

1  35 

0  33 

0  34 

0  12  0  13  0  14  0  16 

0  17 

8  13 

8    6 

1  10,1  14  1  18  1  25 

1  33 

0  38 

0  38 

0  14  0  15  0  16  0  18 

0  19 

8  20 

8  13 

1    8|l  12,1  17|1  23 

1  31 

0  42  1  0  43 

0  1t|0  17,0  18  0  20 

0  21 

8  27 

8  21 

1     7|1  11  1  15  1  21 

1  29 

0  46 

0  47 

0  17,0  18  0  19  0  21 

0  23 

8  34 

8  28 

1    6!l     9  1   13  1  19 

1  27 

0  50 

0  51 

0  I9'0  20  0  21  0  23 

0  25 

8  40 

8  3.5 

1    3  1     7  1  12:1  18|1  25 

0  54 

0  55 

0  20  0  22  0  23  0  25 

0  27 

8  47 

8  42 

1     21     6  1  10  1  16,1  23 

0  59 

I     0 

0  22|0  23  0  25  0  27 

0  29 

8  63 

8  48 

1     0  1     4,1     8  1  14|1  21 

1   a 

1     4 

0  23,0  25,0  2(5  0  29 

0  32 

8  58 

8  53 

0  5911    3,1     7|I   12,1  19 

1    8 

I    9 

0  li  \i  26  0  2S  0  31 

0  34 

9    4 

8  59 

0  58|1     ri    5|1  10 

1  17 

1  13 

I  15 

0  27  0  29  0  31  0  34 

0  37 

9    9 

9    5 

0  56  1     0  1     3  1     8 

1  15 

1  19 

1  20 

0  290  31 'O  33  0  36 

0  39 

9  15 

9  11 

0  Se'o  681     2  1     7 

1   13 

1  24 

t  25 

0  31  0  33  0  35  0  38 

0  42 

9  20 

9  16 

0  53;0  66,1     01     5 

1  11 

1  29 

1  31 

0  32,0  35  0  37  0  40 

0  44 

9  25 

9  22 

0  51 'O  64  0  5811     H 

1    9 

1  34 

1  37 

0  310  37  0  39  0  48 

0  47 

9  31 

9  27 

0  50;0  53  0  56! 1     1 

1    7 

1  40 

1  42 

0  36^0  39  0  41  0  45 

0  49 

9  36 

9  33 

0  49  0  52  0  55  0  59 

1    5 

1  4.5 

1  47 

0  38:0  41  0  43  0  47 

0  51 

9  41 

9  38 

0  47|0  500  63|0  57 

1     2 

1  50 

1  53 

0  39  !0  42  0  45  0  49 

0  54 

9  47 

9  44 

0  45  0  48  0  51 'O  55  1     0 

1  56 

1  58 

0  41  ;0  44  0  47  0  51 

0  56 

9  52 

9  49 

0  44:0  46  0  49|0  53 

0  58 

2    1 

2    3 

0  430  46  0  49  0  53 

0  69 

9  57 

9  65 

0  42!0  44  0  47|0  61 

0  56 

2    6 

2    9 

0  45  0  48  0  510  55 

1     1 

10    2 

10    0 

0  40  0  42  0  45|0  49 

0  54 

2  11 

2  14 

0  46  0  50  0  53  0  57 

1    3 

10     8 

10    5 

0  39  0  41  0  43  0  47 

0  51 

2  17 

2  20 

0  48  0  51  0  54  0  59 

1    5 

10  13 

10  11 

0  37  0  39  0  41  lO  45 

0  49 

2  22 

2  25 

0  50,0  53  0  56  1     1 

1    8 

10  18 

10  16 

0  35  0  37  0  40  0  43  0  47 

2  27 

2  31 

0  5r0  54  0  58  1     3 

1  10 

10  24 

10  21 

0  33  0  36  0  38  0  4110  44 

2  33 

2  36 

0  53  1)  56  r     0  I     5 

1  12 

10  29 

10  27 

0  32  0  lUO  36  0  39  0  42 

2  38 

2  42 

0  54  0  58  1     2  1     7 

1  14 

10  34 

10  33 

0  30  0  32  0  34,0  37  0  40 

2  43 

2  47 

0  56  0  59  1     3  1     9 

1  16 

10  39 

10  38 

0  28 lO  29  0  31  0  34  0  37 

2  49 

2  53 

0  57  1     11     5  1   11 

1  18 

10  45 

10  43 

0  26,0  27  0  ^9  0  32,0  35 

2  54 

2  69 

0  59  I     3  1     7,1  13 

1  20 

10  50 

10  49 

0  24;()  25  0  27  0  29  0  32 

3    0 

3    5 

1     0  1     4  1     8  1   15 

1  22 

10  55 

10  54 

0  23  0  24  0  25,0  27  0  30 

3    5 

3  10 

I     21     6  1  10  1  16 

1  24 

10  59 

10  68 

0  2l'0  22  0  24  0  26|0  28 

3  11 

3  16 

1     3  1     7  1   12  1   18 

1  26 

11     4 

11     3 

0  20'0  21  0  22  0  24 

0  26 

3  18 

3  23 

1     5  1     9  1  13  1  20 

1  28 

11     8 

11     7 

0  18:0  19  0  200  22 

0  25 

3  24 

3  30 

1     6  1   10  1  15  1   22 

1  30 

11   12 

11   11 

0  17,0  18  0  19  0  20  0  22 

3  31 

3  37 

1     8,1   12,1  17,1  24 

1  32 

11   16 

11    15 

0  15,0  16  0  17  0  IS'O  20 

3  38 

3  45 

1     9,1   HA  is'l  26 

1  34 

11   20 

11   20 

0  14  0  14  0  15  0  16  0  18 

8  45 

3  52 

1  11  1   15  1  20|1  27 

1  36 

11   25 

11   24 

0  12  0  13  (1  14  0  15  0  16 

3  5:^ 

4     1 

1  12  1  17,1  2211  29 

1  38 

11   29 

11   28 

0  110   11  0  12  0  13  0  14 

4     1 

4  11 

1  Hjl   isll  24  1  31 

1  40 

11  33  , 

11   32 

0    9  0     9  0  10  0  110  12 

4  10 

4  20 

1  15|1  20il  25  1  33 

1  42 

U  37 

11  37 

0    80    80    80    90  10 

4  20 

4  33 

I   17' 1  22,1  27  1  35 

1  44 

11  41    ! 

11   41 

0     6  0     6  0     7  0     7 

0    8 

4  33 

4  49 

1   19|1  24  1  29  1  37 

1  47 

11  45   1 

11   45 

0     5  0    5  0    5  0    5 

0    6 

4  46 

5    6 

I  20,1  25  1  31  1  :^9 

1  49 

11  50   , 

11   49 

0     30     30     3  0    40    4 

5     1 

5  31 

1  22  1  27  1  33  1  41 

1  51 

11  54 

11   54 

0     10     10     2  0     20    2 

When  the  star  is  near  elongation  (hour  angles  between  5  h  and  7  h).  a  con- 
siderable change  in  hour  angle  corresponds  to  but  a  small  change  in  azimuth. 
At  such  times  it  will  usually  be  better  to  use  the  method  employing  the 
elongation. 
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Table  8. 

POLARIS.    POLAR  DISTANCES,  AND  AZIMUTH  AT  ELONGATION. 


Azimuth  at  Elongation,  in  Latitude 

u 

P^^l^JLoff  sin 

^ 

Dist.  of 
Polaris 

pofdist. 

»0O 

JWO 

80° 

850 

40° 

450 

50* 

o   /     r/ 

O       f 

O        f 

t 

O       f 

o     / 

0     t 

0     t 

1900 

1  18  33 

8.33  027 

1   18.3 

1  21.1 

24.9 

1   29.8 

1   36.1 

1   44.1 

1   64.4 

1903 

1  12  37 

8.32472 

1   17.3 

1  20.1 

•23.8 

1   28.7 

1   34.8 

1   42.7 

1  63.0 

1906 

1  11  41 

8.31  910 

1   16.3 

1    19.1 

22.8 

1    27.6 

1   33.6 

1  41.4 

1  61.6 

1909 

1  10  45 

8.31  341 

1   15.3 

1   18.1 

21.7 

1   26.4 

1   32.3 

1  40.1 

1  60.1 

1912 

1    9  49 

8.30  765 

1    14.3 

1    17.0 

20.6 

1   25.2 

1   31.1 

1    38.7 

1  48.6 

191/$ 

1    8  53 

8.30 181 

1    13.3 

1    16.0 

19.6 

1   24.1 

1   29.9 

1   37.6 

1  47.2 

1918 

1    7  58 

•8.29  594 

1    12.3 

1    15.0 

1^.5 

1    23.0 

1    28.7 

1   86.1 

1  46.7 

1921 

17    2 

8.28  999 

1    11.4 

1    14.0 

17.4 

1   21.9 

1   27.5 

1   64.8 

1  44.8 

1924 

1    6    7 

8.28  401 

1    10.4 

1   13.0 

1J.3 

1   20.7 

1   26.3 

1   83.5 

1   42.9 

1927 

1    5  12 

8.27  794 

1     9.4 

1   11.9 

).3 

1    19.6 

1    25.1 

1  82.2 

1  41.4 

1930 

1    4  16 

8.27  169 

I     8.4 

1  10.9 

1.2 

1    18.5 

1   28.9 

1   80.9 

1  40.0 

Log  cos 

lat 

9.97  299 

9.95728 

9.! 

r53 

9.91  337 

9.88  425 

9.84949 

9.80807 

_       _,       cotp       tan  3 
Tan  M  = \  = .  , 


Owing  to  changes  in  the  position  of  Polaris  during  the  year,  the  positions 
given  in  the  table  may  at  times  be  in  error  by  as  much  as  a  minute.  The 
error  is  greater  in  the  higher  latitudes. 

Haying  the  north  polar  distance,  p,  of  a  star,  and  the  latitude,  L.  of  the 
point  of  observation,  we  have,  declination  of  star  =  a  =  90°  —  0 ;  and  the 
aBlmntli,  a,  of  the  star,  corresponding  tp  any  hour  angle,  a,  may  be 
foond  by  the  following  formulas : 

,-         ,.   Then      T.no=-5e«^^-^. 
COS  A        COS  A  cos(L— M) 

The  declinations, «,  of  Polaris  are  given  in  the  U.  S.  Ephemeris  or  Nautical 
Almanac.  From  these  the  polar  distances  may  be  obtained  more  accurately 
than  from  our  Table  8. 

Caution.  When  it  is  desired  to  determine  the  meridian  within  one 
minute  of  arc,  it  is  well  to  use  more  than  one  method  and  compare  the 
results.  For  example,  observe  Polaris  both  E  and  W.  of  the  meridian,  and 
a  star  at  equal  altitudes  south  of  the  zenith. 

Note. — if  Polaris  be  found  during  twiliKht,  in  the  morning  or  evening,  obser- 
vations of  it  may  be  made  without  artificial  illumiuation  of  the  oross-hairs. 
For  times  of  elongation,  see  Table  L 


Conversion  of  Arc  into  Time,  and  vice  versa. 
Arc        Time 
1°  =  4  minutes 
1'  =  4  seconds 
V  =  0.066...  second 


Time 

Abo 

24  hours 

= 

86OO 

1  hour 

=s 

150 

1  minute 

=c 

00  15' 

3  second 

=» 

oco'ie" 
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THE  engineer's  TRANSIT. 


The  details  of  the  transit,  like  those  of  the  level,  are  differently  arranged  by 
diff  makers,  and  to  suit  particular  purposes.  We  describe  it  in  its  modern  form, 
as  made  by  Heller  and  Brightly,  of  Philada.  Without  the  U*n«  bnbble-tnbe 
F  F,  Fig  1,  under  the  telescope,  and  the  grradiiatecl  arv  g,  it  is  their  plain 
transmit.  With  these  appendages,  or  rather  with  a  graduated  circle  in  place  of 
the  arc,  it  becomes  virtually  a  Complete  Tlieodollte. 

B  D  D,  Fig  2,  is  the  tri|>o<l-h«ad.  The  screw-threads  at  v  receive  the  Bci«w 
of  a  wooden  tripod-head-cover  when  the  instrument  is  out  of  use.  S  3  A  is  the 
lower  parallel  plate.  After  the  transit  has  been  set  very  nearly  over  the 
center  of  a  stake,  the  Nhiftln§r-plate,  cf  d  ce,  enables  us,  by  slightly  loosening 
the  leTellingr-»crews  K,  to  shift  the  upper  parts  horizontally  a  trifle,  and 
thus  bring  the  plumb-bob  exactly  over  the  center  with  less  trouble  than  bv  the 
•Ider  method  of  pushing  one  or  two  of  the  legs  further  into  the  ground,  or  spread- 
ing them  more  or  less.  The  screws,  K.  are  then  tightened,  therebv  pushing  up- 
ward the  npper  parallel  plate  mmmxz,  and  with  it  the  half- ball  b,  thus 
--'■<;fng  cc  tightly  up  against  the  under  side  of  S.    The  plumb-line  passes 


throagh  the  vert  bole  in  b.  Screw-ci^ps,  /  ff,  protect  the  leTellinff-ecrews  fh>m 
dust,  &c.  The  feet,  t,  of  the  screws,  work  in  loose  sockets,/,  made  flat  at  bottom^ 
to  preserve  S  from  being  indented.  The  parts  thus  far  described  are  generally 
left  attached  to  the  legs  at  all  times.    Fig  1  shows  the  method  of  attachment. 

To  iiet)  the  npper  parts  a|>on  tlie  parallel  plates.  Place  the 
lower  end  of  U  U  in  9^  z,  holding  the  instrument  so  that  the  thre^  blocks  on  m  tn 
(of  which  the  one  shown  at  F  is  movaole)  may  enter  the  tbree  corresponding 
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reoesses  in  a,  thus  alloviag  a  to  bear  fullj  on  m,  upon  which  the  upper  paitf 
then  rest.  (The  inner  end  of  the  spring-catch,  /,  in  the  meantime  enters  a  groove 
around  U,  just  below  a,  and  prevents  the  upper  parts  from  falling  off,  if  the  in* 
struraent  is  now  carried  over  the  shoulder.)  Revolve  the  upper  parts  horisontally 
a  trifle,  in  either  direction,  until  ther  are  stopped  by  the  striking  of  a  small  lug 
on  a  i^^nst  one  of  the  blocks  F.  The  recesses  in  a  are  now  dear  of  the  Mocks. 
Tighten  o,  thereby  pushing  Inward  the  movable  Mock  F,  which  cUnpe  the 
bevelled  nange  a  between  il  and  the  two  fixed  blocks  on  m  m,  and  confines  the 
spindle  U  to  the  fixed  parallel  plates.  It  remains  so  damped  while  the  instrument 
is  being  used. 

To  remove  the  a|i|»er  pt^rim  flrom  the  parallel  pli»t«s.  Loosen 
q,  bring  the  recesses  in  a  opposite  the  blocks  F.  Hold  back  {,  and  lift  the  upper 
parts,  which  are  then  held  together  by  the  broad  head  of  the  screw  inserted  into 
the  foot  of  the  spindle  w. 

T  T  is  the  onter  revolvf fiir  spindle,  cast  in  one  with  the  fiiippi»rt- 
Inc-plate  Z  Z,  to  which  is  fastened  the  irradnated  limb  O  O.  The  limb 
extends  beyond  the  compass-box,  and  ^us  adnilte  of  larger  gradMttioas  than 
would  otherwise  be  obtainable,  w  w  is  the  Inner  rewalwln^  apliidle.  At 
its  top  it  has  a  broad  flange,  to  which  is  Awtened  the  vernier  phite  P.  To  the 
latter  are  fastened  the  compass-box  C,  the  two  bubble-tubes  M  H,  the  standards 
V  y,  supporting  rlie  telescope.  Ac.  Each  bubble-tube  Is  supported  and  adjusted 
by  Ibnr  capstan-head  nuts,  two  at  each  end.  The  bent  strip,  curving  over  the 
tube,  protects  th«  glass  from  accidental  blows  In  swinging  the  tdescope. 

Centrol  ef  motlans  of  grradnated  limb  O  O  and  vernier 
plate  P.— The  tangent-screw  G  and  a  spiral  spring  (not  shown)  opposite  to  it 
ai^  flked  to  the  graduated  limb  Ou,  and  hold  bKween  them  a  projection  y  firom 
the  loose  collar  ^  which  is  thus  confined  to  the  limb  And  made  to  travel  with  it. 
The  clamp-Hcrew  H  pssses  through  the  oollar  i  and  presses  against  the  small  lug 
shown  at.  its  intier  end.  When  H  is  tightened,  this  lug  is  pressed  agxinst  the 
fixed  spindle  U  U,  to  which  the  graduated  limb  Is  thus  made  fast.  A  slow  mo- 
tion may,  however,  stiU  bt*  given  to  the  limb  by  means  of  the  tAngent-Ae^•w  G. 

The  motion  of  the  vernier  plate  P  over  the  graduated  limb  O  O  is*  similarly 
governed  by  the  tangent-screw  b  and  its  spiral  spring  (not  shown),  fixed  to  the 
vernier  plate  P,  and  the  clamp-screw  0,  which  passes  tnrough  the  collar  »,  and 
presses  against  the  small  lug  shown  at  Its  inner  end.  In  Heller  and  Brighrly's 
instruments,  the  screw  b  is  provided  with  means  for  taking  up  its  **  wear,"  or 
"lost-motion." 

There  are  two  verniers.  One  is  shown  at  p,  Fig  1.  Both  may  be  read,  and 
their  Mean  taken,  when  great  accuracy  is  required.  Ivory  reflectors,  0,  ftN^ilitate 
their  reading.  Before  the  instrument  is  moved  from  one  place  to  another,  the 
eompa<iS»needle,  k,  Fig  2,  should  alwavs  be  pressed  un  against  the  glass  cover 
of  the  eompass-box  by  means  of  the  upright  mllled-heaa  screw  seen  on  the  ver- 
nier-plate in  Fig  1,  just  to  the  right  of  the  nearest  standard.  The  pivot-point  is 
thus  protected  from  injury. 

R,  Fig  1,  is  a  ring  with  a  clamp  (the  latter  not  shown)  fbr  holding  the  tdescope 
in  any  required  potion.  It  is  best  to  let  the  eys-end.lL  of  the  telescope  revolve 
downward,  as  otherwise  the  shade  on  O,  if  in  use,  may  fall  off.  The  Uugent-screw, 
d.  moves  a  vert  arm  attached  to  R,  and  is,  thus  used  for  slightly  changing  the 
elevation  of  the  telescope.  In  the  arm  is  a  slit  like  that  seen  in  tne  vernier-arm 
/.  By  means  of  the  screw  D,  the  movable  vernier-arm  Y  may  be  clamped  at 
any  desired  point  on  the  vertical  limb  g.  When  (P  of  the  vernier  is  placed  at 
300  on  the  arc  g,  and  the  Index  of  the  opposite  arm  is  placed  over  a  small  notch 
on  the  horizontal  brace  (not  seen  in  our  figs)  of  the  standards,  the  two  slits  will 
be  opposite  each  other,  and  may  be  used  for  laying  off  offsets,  oo,  at  right-anglet 
to  the  line  of  sight. 

One  end,  R,  of  the  telescope  axis  rests  in  a  movable  box,  under  which  is  a  screw. 
By  means  of  the  screw,  the  box  may  be  raised  or  lowered,  and  the  axis  tbu.^  ad- 
justed for  very  slight  derangements  of  the  standards.  For  E,  B,  O,  and  A,  see 
Levdj  p  306.    a  is  a  dust-guard  for  the  object-slide. 

Stadia  Hairs.  Immediately  behind  the  capstan -screw,  p,  Fig  1,  is  seen  a 
smaller  one.  This  and  a  similar  one  on  the  opposite  side  of  the  telescope,  work 
in  a  ring  inside  the  telescope,  and  hold  the  ring  in  position.  Across  the  ring  are 
stretched  two  additional  horizontal  hairs,  called  stadia  hairs,  placed  al  such  a 
distance  apart,  vertically,  that  they  will  subtend  say  10  divisious  of  a  graduated  rod 
placed  100  ft  from  the  iu«trumeut,  15  divisions  at  160  ft,  Ac.  They  are  thus  used  ft>r 
measuring  hor  and  sloping  (lishiuces. 

Tbe  lonn:  bnbble-iiibe,  F  F,  Fig  1,  enables  ns  to  use  the  transit  as  a  Isvsl, 
although  it  is  not  so  well  adaoVtd  as  the  latter  to  this  purpose. 
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To  a«Uast  a  plain  Transit. 

When  either  a  level  or  a  transit  is  purchased,  it  is  a  good  precaution  (but  on« 
which  the  writer  has  never  seen  alluded  to)  to  first  screw  the  olject-glass  firmly  hom« 
to  its  place ;  and  then  make  a  short  continuous  scratch  upon  the  ring  of  the  glass,  and 
upon  its  dlide;  so  aa  to  be  able  to  see  at  any  time  when  at  work,  that  the  glass  is 
always  in  the  dame  position  with  regard  to  the  slide.  For  if,  after  all  the  ac^ustments 
are  completed,  the  position  of  the  glass  should  become  changed,  (as  it  is  apt  to  be  if 
unscrewed,  and  afterward  not  screwed  up  to  the  same  precise  spot,)  the  tuQustments 
may  thereby  become  materially  deranged ;  especially  if  the  object-glass  is  eccentric 
or  not  truly  ground,  'which  is  often  the  case.  Such  scratches  should  be  prepared  bj 
the  maker.  In  making  adjustments,  as  well  as  when  using  a  transit  or  level,  be 
careful  that  the  eye-glass  and  object-glass  are  so  dravm  out  that  there  shall  be  no 
parallax.  The  eye-glass  must  first  be  drawn  out  so  as  to  obtain  perfect  distinctness 
of  the  orbas-hairs ;  it  must  not  be  disturbed  afterward;  but  the  oLiject-glass  must 
be  moved  for  different  distances. 

Fir»t.  to  ascertain  that  tlie  bnbble-tnbes,  H  m,  are  placed 
parallel  to  the  vernier-plate,  and  that  th^efore  when  boih  bubbles  are  in 
the  centers  oftliMr  IvJbes  the  axis  of  the  inst  is  vert.  By  means  of  the  four  levelling- 
screws,  K,  bring  both  bubbles  to  the  centers  of  their  tubes  io  one  position  of  the 
inst ;  then  turn  the  upper  parts  of  the  Inst  half-^way  round.  If  the  bubbles  do  not 
remain  in  the  center,  correct  half  the  error  by  means  of  the  two  capBtan-nut« 
rr;  and  the  other  half  by  the  leTelling-screws  K.  Repeat  the  trial  until  both , 
bubbliBfl  remain  in  the  center  whUe  the  inst  is  being  turned  entirely  around  on 
its  spindle.     .  . ;  - 

Second,  to  see  that  tiie  standards  bave  suffered  no  derance- 
ment ;  that  is.  that  they  are  of  equal  height  and  perpendicular  to  the  vernier* 
plate,  as  they  always  are  when  they  leave  the  maker's  hands.  Level  the  inst- 
perfectly;  then  direct  the  intersection  of  the  hairs  to  some  point  of  a  high  object  * 
(as  the  top  of  a  steeple)  near  by ;  clamp  the  inst  by  means  of  screws  H  and  0, 
and  lower  the  telescope  until  the  intersection  strikes  some  point  of  a  low  object, 
(If  there  is  none  sucli  drive  a  stake  or  chain-pin,  dec,  in  the  line.)  Then  an- 
clamp  either  H  or  e,  and  turn  the  upper  parts  of  the  inst  half-way  round ;  fix  the 
intersection  again  upon  the  high  point;  clamp;  lower  the  telescope  to  the  low 
point.  If  the  intersection  still  strikes  the  low  point,  the  standards  are  in  ordec. . 
If  not,  correct  om-hulf  of  the  difiference  by  means  of  the  adjusting-block  and 
screw  at  the  end,  R,  of  the  telescope  axis.  Fig.  1,  and  repeat  the  trial  de  novOi 
resetting  the  stake  or  chain-pin  at  each  trial.  If  the  inst  has  no  adjusting-bloek 
for  the  axis,  it  should  be  returned  to  the  maker  for  correction  of  any  derange- 
ment of  the  standards. 

A  transit  may  be  used  for  running  straight  lines,  even  if  the  standards  become 
slightly  bent,  by  the  process  described  at  the  end  of  the  fourth  adjustment 

Third,  to  see  that  the  cross-hairs  are  trnly  vert  and  hor. 
when  the  inst  is  level.  When  the  telescope  inverts,  the  cross-hairs  are 
nearer  the  eye-end  than  when  it  shows  objects  erect.  The  maker  takes  care  to  place 
the  cross-hairs  at  right-angles  to  each  other  in  their  ring,  or  diaphragm  ;  and  gene- 
rally he  so  places  the  ring  in  the  telescope,  that  when  levelled,  thev  shall  be  vert 
and  hor.  Sometimes,  however,  this  is  neglected ;  or  the  ring  may  by  accident  be- 
come turned  a  little.  To  be  certain  tliat  one  hair  is  vert,  (in  which  case  the  other 
.  must,  by  construction,  be  hor,)  after  having  adjusted  the  bubble-tubes,  level  the  in- 
strument carefully,  and  take  sight  with  the  teleucope  at  a  plumb-line,  or  other  verf 
straight  edge.  If  the  vert  hair  coincides  with  this  object, 
it  is,  so  far,  in  adjustment ;  but  if  not,  then  loosen  slightly 
only  two  adjacent  screws  of  the  four.pp  t  i.  Fig  1 ;  and 
with  a  knife,  key,  or  other  small  instrument,  tap  verj 
gently  against  the  screw-heads,  so  as  to  turn  the  ring  • 
Uttle  in  th6  telescope;  persevering  until  the  hair  be* 
comes  truly  vertical.  When  this  is  done,  tighten  the 
screws.  In  the  absence  of  a  plumb-line,  or  vert  straight 
edge,  sight  the  cross-hair  at  a  very  small  distindl 
point;  and  see  if  the  hair  still  cuts  that  point,  when 
the  telescope  is  raised  or  lowered  by  revolving  it  on 
its  axis. 
The  mode  of  performing  the  foregoing  will  be  readily 
understood  from  this  Fig,  which  represents  a  section  across  the  top  part  of  the  tele» 
icope,  and  at  the  cross-hairs.  The  hair-ring,  or  diaphragm,  a;  vert  hair,  v;  tele- 
scope tube,  g  ;  ring  outside  of  telescope  tube,  d;  6  is  one  of  the  four  capstan-headed 
screws  which  hold  the  hair-ring,  a,  in  its  place,  and  also  serve  to  adjust  it.  Th«^ 
lower  ends  of  these  screws  work  in  the  tnickness  of  the  hair-ring;  so  that  when 
^^ey  are  loosened  somewhat,  they  do  not  lose  their  hold  on  the  ^^^^o§ff^^  looer 
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wafers,  e^  are  placed  under  the  heads  h  c'  the  screws.  A  space  yyii  left  around 
each  screw  where  It  passes  through  the  telescope  tube,  to  allow  the  screws  and  ring 
together  to  be  moved  a  little  sideways  when  the  screws  b  are  slightly  loosened. 

f  oortli,  to  see  tbat  tlie  vertieal  liair  is  in  tbe  line  of  eolli- 
mation.  Plant  the  tripod  firmly  upon  the  ground,  as  at  a.  Level  the  Inst ; 
elamp  it;  and  direct  the  vert  hair  by  means  of  tangent-screw  6  ^figs.  1  and  2) 
upon  some  conTcnient  object  /> :  or  if  there  is  none  such,  drive  a  thin  stake,  or  a 
chain-pin.    Then  revolving  the  tel«M)ope  vert  on  its  axis,  c 

observe  some  object,  as  c,  where  the  vert  hair  now  strikes ;  i         a      ^^-^ 

or  if  there  is  none,  place  a  second  pin.    Uoclamp  the  instru-  « v^   ' 

meot  by  the  clamp-screw  H;  and  turn  the  whole  upper  •  ^ 

part  of  it  around  until  the  vert  hair  i^^aiii  strikes  b.  £*io>,  4, 
Clamp  again ;  and  again  revolve  the  telescope  vert  on  its 
axis.  If  the  vert  hair  now  strikes  c,  as  it  did  before,  it  shows  that  c  is  really 
at  0 ;  and  that  6,  a,  0,  arc  in  the  Maine  straiffht  line ;  and  therefore  this  adjustment 
is  in  order.  If  not.  observe  where  it  does  strike,  say  at  m,  {thedist  a  m  being 
taken  eaual  to  a  c,)  and  place  a  pin  there  also.  Measure  m  c ;  and  place  a  pin 
at  V,  in  tne  line  m  c^  makmg  m  v  —  one-fourth  of  m  c  Also  put  a  pin  at «,  half* 
way  between  m  and  e,  or  in  range  with  a  and  b.  Bv  means  of  the  two  bor 
screws  that  move  the  ring  carrying  the  cross-hairs,  adjust  the  vert  hair  until  it 
outs  V.  Now  repeat  the  miire  operation ;  and  persevere  until  the  telescope,  after 
being  directed  to  6,  shall  strike  the  same  object  o%  both  Hmee,  wheia  revolved  on 
its  axis.  See  whether  the  movement  of  the  ring  ia  this  4th  adjustment  has  dis- 
turbed the  verticality  of  the  hair.  If  it  has,  repeat  the  3d  adjustment.  Then  re- 
pent the  4th,  if  necessary ;  and  so  on  until  both  adjustments  are  found  to  be  right 
at  the  same  time.  Thus  a  straight  line  may  be  run,  even  if  the  hairs  are  out  of 
adjustment ;  but  with  somewhat  more  trouble.  For  at  each  station,  as  at  a,  two 
back-sights,  and  two  fore-siglits,  a  c  and  «  m,  may  be  taken,  as  when  mailing  the 
adjustment ;  and  the  point  o,  naif- way  between  e  and  m,  will  oe  in  the  straight  line. 
The  inst  may  then  be  moved  to  o,  and  the  two  badc-sights  be  taken  to  u ;  and  so  on. 

Anffles  measured  by  the  transit,  whether  vert  or  hor,  will  evidently  iiot  be 
affected  by  the  hairs  being  out  of  adjustment,  provided  either  that  the  vert 
hair  is  truly  vert,  or  that  we  use  the  interteotion  of  the  hairs  when  measuring. 

Tlie  toretgoing  are  all  the  a4Jn*tinentfi  needed,  unless  the  tran- 
sit is  leqoirea  for  leveUiag,  in  which  ease  the  foUewiug  oaa  must  be  otteBded  to : 


¥\g.S* 


To  acUnst  tlie  long  babble*tnbe,  F  F,  Fig.  1,  we  first  place  tbe  line 
of  sight  of  the  telescope  hor,  and  then  make  tike  bubble-tube  bor,  so  that  the 
two  are  parallel.  Drive  two  pegs,  a  and  b  Fig.  o,  with  their  tops  at  precisely 
the  same  level  (see  Rem.  p.  296)  and  at  least  about  100  ft.  apart ;  300  or  more 
will  be  better.  Plant  the  inst  drmly,  in  range  with  them,  as  at  0,  making^  e 
an  aliquot  part  of  a  b.  and  as  short  as  will  permit  focusing  on  a  rod  at  b.  The 
inst  need  not  be  leveled.  Suppose  the  line  of  sight  to  out  e  and  d.  Take  the 
readings  b  e  and  a  d.  Their  diff  is  be  —  ad=»an--ad^dH;  and  ab'.aC': 
d  n:d§]  4  being  the  height  of  the  target  at  a  when  the  readings  (a  4,  b  0)  on  the 

two  stakes  are  equal.    as  =  ad-\-d s  =  ad-\ — -  z — *    If  the  reading  on  a 

a  0 
exceeds  that  on  b  (as  when  the  line  of  sight  Is  v/^)  the  diff  of  readings  is  =  a  ^  — 

y  t  X  g  c 


b/=aag^ai=*gi;  and  as^ag  —  ffs^ag  —  - 


ab 


Sight  to  «,  bring  the 


bubble  to  the  cen  of  its  tube  by  means  of  the  two  small  nuts  n  n  at  one  end  of  the 
tube.  Fig.  1,  and  assume  that  the  telescope  and  tube  are  parallel.*    The  seros  of 

•  This  oegleotfl  •  mnaU  error  doe  to  tbe  earratore  of  the  eartb ;  for  •  hor  Une  ai  *  te  v  A,  Uo- 
gentlal  to  the  oarved  (or  "  level")  sarfaoe  of  etill  water  at «,  whereas  0  t  U  ungendal  to  water  sorf 
at  a  point  midway  l>etweea  a  and  b.  Henoe  if  the  telescope  at  v  pointe  to  t  it  will  not  be  parallel  to 
the  level  bubble^tube.  To  allow  for  this,  and  fbr  the  refraction  by  the  air,  which  diminUhet  the 
errer,  raise  the  Urget  on  a  to  a  point  *  above  t.  S  t  b  .OOOOOOOiMM  x  sqaare  of  a  e  In  ft  t  hot  when 
•  e  is  850  ft,  k  t  id  only  about  one  tenth  of  an  inch  and  barely  oovers  the  apparent  thickness  of  ths 
irees  halt  in  the  telesoop* 
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the  vert  circle,  and  of  its  vernier,  may  now  be  a4)iifted.  If  ^«y  reqnire  it,  by 
loosening  the  vernier  screws  and  then  moving  the  vernier  until  the  two  coin- 
cide. 

Rem.  If  no  level  is  at  hand  for  levelling  the  two  pegs  a  and  b,  it  may  be  done 
by  the  transit  itself;  thus:  OareAilly  level  the  two  short  bubb1(«,  by  means  of  the 
levelling-screws  K.  Drive  a  peg  m,  lh>m  100  to  300  feet  finom  the  instrnmeBt  o. 
Then  placing  a  target-rod  on  m,  clamp  the  target  tight  at  whatever  height,  as  ««, 
the  hor  hair  happens  to  cut  it;  it  being  of  no  im- 
^  pcHianoe  whtfOier  the  telesoHW  is  level  or  not; 
I  altfaongh  it  might  as  well  be  as  nearly  so  as  can 
ek  /  \  1  conveniently  be  guessed  at.    damp  the  teleeoope 

flT^ ^ '** *  in  its  position  by  the  clamp-ring  B,  Fig.  1.    B#- 

_-     ^  ^  vdve  the   inst   a  considerable  way  round;  S8y 

**fif'  *  nearly  or  quite  half  way.    Plaos  another  pepf  n. 

«tpr^eUe^f  Ou  iame  diti  ftt>m  ^e  instrument  that  m  is ;  and  continue  to  drive  it  un- 
til the  hor  hair  cuts  the  target  placed  on  it,  and  still  kept  clamped  to  the  rod,  at  the 
same  height  as  when  it  was  on  m.  When  this  is  done,  the  tops  of  the  two  pegs  are 
on  a  level  with  each  odier,  and  are  ready  to  be  used  as  before  directed. 

When  a  transit  is  intended  to  be  used  for  surveying  fturms,  Ac,  or  for  reiradng 
lines  of  old  surveys,  it  is  very  tweftil  to  set  the  compass  so  as  to  allow  for  the  **  va- 
riation** during   the  interval   between   the   two  surveys.      For  this  purpose  a 
**Tariatl4Mi-Temfer**  is  added  to  such  transits;  and  also  to  the  compass. 
When  the  graduations  of  a  transit  are  figured,  or  numbered,  so  as  to  read  both 

ways  from  lero,  thus,    1 1 1  Ti  1 1 1  >  1 1 1 1  li  1 1  il  i  n  i  I  1 1 1       the  vernier  also  is  made 

doable ;  that  is,  it  also  is  graduated  and  numbered  flrom  its  sero  both  ways.  In  this 
case,  if  the  angle  is  measured  flroni  aero  toward  the  right  hand,  the  reading  must  be 
made  fh>m  the  right  hand  half  of  the  vernier ;  and  vice  versa.  If  the  figtiring  ia 
single,  or  only  in  one  direction,  from  zero  to  36<i<>,  then  only  the  single  vernier  ia 
necessary,  as  the  angles  are  then  measured  only  in  the  direction  that  the  ilguring 
counts.  Rnglneers  differ  in  their  inreferenoes  for  various  manners  of  figuring  the 
graduations.  The  writer  prefers  fh>m  zero  each  way  to  160^,  with  Wo  double  ver- 
niers. 

Te  veplaee  «iNM«-halrB  In  a  level,  Wf  tMMisit.  Take  out  the  tube 
fh>m  the  eye  end  of  the  telescope.  Looking  in,  notice  which  side  of  the  cross- 
hair diaphragm  is  turned  toward  the  eye  end.  Then  loosen  the  four  screws  which 
hold  the  diaphragm,  so  as  to  let  the  latter  fkll  out  of  the  telescope.  Fasten  on  new 
hairs  with  beeswax,  varnish,  glue,  or  gum-arabio  water,  Ac  This  requires  care. 
Then,  to  return  the  diaphragm  to  Its  place,  press  firmly  into  otie  of  the  screw-holes 
on  the  drcumf  of  the  diaphragm  itself,  the  end  of  a  piece  of  stick,  long  enough  to 
reach  easily  into  the  telescope  as  fkr  as  to  where  the  diaphragm  belonga.  By  this 
stick,  as  a  handle,  insert  the  diaphragm  edgewise  to  Its  place  in  the  telescope,  and  hold 
it  there  until  two  oppotiU  screws  are  put  in  {dace  and  screwed.  Then  draw  the  stick 
out  of  the  hole  In  the  diaphragm ;  and  with  it  turn  the  diaphragm  until  the  same 
side  presents  itself  toward  Uie  eye  end  as  before ;  then  put  In  the  other  two  screws. 

The  so-called  cross- hairs  are  actually  spider-web,  so  fine  as  to  I>e  barely  vltdble  to 
the  naked  eye.  Heller  ft  Brightly  use  veiy  fine  platina  wire,  which  is  much  better. 
Human  hair  is  entirely  too  ooarse. 

To  replace  a  spiriMeTel,  or  bnbbie-grlass.  Detach  the  level  from 
the  Instmmcnt;  draw  off  its  sliding  ends;  push  out  the  broken  glass  vial,  and  the 
cement  which  held  it ;  insert  the  new  one,  with  the  proper  side  up  (the  upper  side 
is  always  marked  with  a  file  by  the  maker);  wrapping  some  paper  around  it!«  en«ls, 
if  It  fit8  loosely.  Finally,  put  a  little  putty,  or  melted  beeswax  over  the  ends  of  the 
vial,  to  secure  it  against  moving  in  its  tube. 

In  purchasing  instruments,  especially  when  they  are  to  be  used  far  firom  a  maker, 
ft  is  advisable  to  provide  extras  of  such  parts  as  may  be  easily  broken  or  lost ;  snob 
as  glass  compass-covers,  and  needles;  adjusting  pins;  level  vials;  magniflraa,  Ac 


Tbeodollte  adjustments  are  performed  like  those  of  the  level  and  translk 

Ist.  That  of  the  cross-hairs:  the  same  as  in  the  level. 

2d.  The  long  bubble-tube  of  the  telescope ;  also  as  in  the  level. 

3d.  The  two  short  bubble-tubes :  as  in  tne  transit. 

4th  The  vernier  of  the  vert  limb ;  as  in  the  transit  with  a  vert  circle. 

5th.  To  see  that  the  vert  hair  travels  vertically ;  as  in  the  fourth  adjustment 
of  the  transit.  In  some  theodolites,  no  adjustment  is  provided  for  this ;  but  in 
lar^  ones  it  Is  provided  for  by  screws  under  the  feet  of  the  standards. 

oometimea  a  seoond  telescope  \s  added ;  it  is  p  aoed  below  the  hor  Upb,  and  ts 
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tailed  a  watcher.  It  has  its  own  olampt  and  tangent-screw.  Its  use  is  to  ascertain 
whether  the  ifiero  of  that  limb  has  mored  during  the  measurement  of  hor  angles. 
When,  previottsly  to  beieinning  the  measurement,  the  zero  and  upper  telescope  are 
diiectea  toward  the  first  object,  point  the  lower  telescope  to  any  small  distant 
object,  and  then  clamp  it.  During  the  subsequeot  measurement,  look  through  it, 
from  time  to  time,  to  be  sure  that  It  still  strikes  that  object ;  thus  proving  that  n* 
slipping  has  ocomrred* 


THE  BOX  OB  POCKET  SEXTANT. 


The  portability  of  th(^  pocket  snxtarrt,  and  the  f»ict  that  it  reads  to  single  minutes, 
render  it  at  times  very  useful  to  the  engineer.  fly  it,  angles  can  be  measured  while 
in  a  boat,  or  nn  linrseback ;  and  in  many  situations  which  preclude  the  use  of  a 
transit.  It  is  useful  for  obtaining  latitudes,  by  aid  of  an  artificial  hortonn.  When 
closed,  it  resembles  a  cylindrical  brass  box,  about  8  inches  in  diameter,  and  l^j 
inches  deep.  This  box  is  iu  two  parts: 
by  unscrewing  which,  then  inverting 
one  part,  and  then  screwing  them  to- 
gether again,  the  lower  part  becomes  a 
handle  for  holding  the  instrument. 
Looking  down  upon  its  top  when  thus 
arranged,  we  see,  as  in  this  figure,  a 
movable  arm  I  C,  called  the  Index, 
which  turns  on  a  center  at  C,  and  car- 
ries the  vernier  V  at  its  other  end.  0- 
G  is  the  graduated  arc  or  limb.  It 
actually  subtends  about  73°,  but  is  di- 
vided into  about  146°.  Its  zero  is  at 
one  end.  Its  graduations  ai-e  not  shown 
in  the  Fig. 

Attached  to  the  index  is  a  small  mov- 
able lens,  (not  shown  in  the  figure,) 
likewise  revolving  around  C,  for  read- 
ing the  fine  divisions  of  the  limb.  Wh(»n 
measuring  an  angle,  the  index  is  moved 
\>y    turning  the    milled-head    P  of  a 

pirii>Mi.  vln  Vi  ,v  nic    in  a  rack  placed  within  the  box.    The  eye  is  applied  to  a  cir* 
cuhi  .e  SKI'  of  the  tiox,  near  A.    A  small  telesoope,  abont  8  incites  long, 

accompanies  the  instrument;  but  may  generally  be  dispensed  with.  When  so,  the 
eye-hole  at  A  should  be  partially  closed  by  a  slide  which  has  a  very  small  eye-hole 
iu  it ;  and  which  is  moved  by  the  pin  A,  moving  in  the  curved  slot.  Another  slide, 
at  the  side  of  the  box,  carries  a  dark  glass  for  covering  the  eye-hole  when  observing 
the  sun.  When  the  telescope  is  used,  it  is  fastened  on  by  the  milled-head  screw  T. 
The  top  part  shown  in  our  figure,  can  be  separated  from  the  cylindrical  part,  by 
removing  S  or  4  small  screws  around  its  edge ;  and  the  interior  can  then  be  exam- 
ined, and  cleaned  if  necessary.  Like  nautical,  and  other  sextants,  this  one  has 
two  principal  glasses,  both  of  them  mirrors.  One,  the  Index-firlRiiS.  is  attached 
to  the  underside  of  the  index,  at  C;  its  upper  edge  being  indicated  by  the 
two  dotted  lines.  The  other,  the  herlM»n-frla«ss,  (because,  when  meas- 
uring the  vert  angles  of  celestial  bodies,  it  is  directed  toward  the  horizon.)  is  also 
within  the  box ;  the  position  of  its  upper  edge  being  shown  by  the  dotted  lines  at 
R.  The  horizon-glass  is  silvered  only  half* way  down ;  so  that  one  of  the  observed 
objects  may  be  seen  directly  through  its  lower  half,  while  the  image  of  the  other 
object  is  seen  in  the  upper  half,  reflected  from  the  index-glass.  That  the  instrument 
may  be  in  adjustment,  ready  for  use,  these  two  glasses  must  be  at  right  angles  to  th« 
plane  of  the  instrument ;  that  is,  to  the  nnder  side  of  the  top  of  the  box,  to  which  they 
are  attached;  and  must  also  be  parallel  to  each  other,  when  the  zeros  of  the  vernier 
and  of  the  limb  coincide.  The  index-glass  Is  already  permanentiv  fixed  by  the 
maker,  and  requires  no  other  adjustment.  But  the  horizon-glass  has  two  adjust- 
ments, which  are  made  by  a  key  like  that  of  a  watch,  and  having  a  milled-head  K. 
It  is  screwed  into  the  top  of  the  box,  so  as  to  be  always  at  haitd  for  use.  When 
',  it  is  unscrewed.    This  key  fits  upon  two  small  square-heads,  (like  that  for 
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winding  a  watch ;)  one  of  which  is  shown  at  S ;  while  the  other  ii  near  It,  hot  on  fh« 
in>E  of  the  box.  These  squares  are  the  heads  of  two  small  screws.  If  the 
horizon  glass  H  shonld,  a^  in  this  sketch,  (where  it  is  shown  endwise,)  not  be  at 
right  angles  to  the  top  U  U  of  the  box,  it  is  brought  right  by  turning  the  square- 
head S  of  the  screw  S  T ;  and  if,  after  being  so  far  rectified,  it  still  is  not  parallel  to 
thH  index-glass  when  the  zeros  coincide,  it  is  mored 
a  little  backward  or  forward  by  the  square  head 
at  the  side. 

To  acljast  a  box  sextant,  bring  the  two 
seros  to  coincide  precisely ;  then  look  through  the 
eye-hole,  and  the  lower  or  nnsilvered  part  of  the 
horizon-glass,  at  some  distant  object.  H  the  instru- 
ment is  in  adjustment,  the  object  ^ns  seen  directly, 
will  coincide  precisely  with  its  reflected  image, 
seen  at  the  same  time,  at  the  same  spot.  But  if  it 
is  not  in  adjustment,  the  two  will  i^pear  separated 
either  hor  or  vert,  or  both,  thus,  *  * ;  in  which  case 
i^ply  the  key  K  to  the  square-head  S ;  and  by  turning  it  slightly  in  whichever  direc- 
tion may  be  necessary,  still  looking  at  the  objeU  and  it*  image,  bring  the  two  into  a  hor 
position,  or  on  a  level  with  each  other,  thus,  ♦  *.  Then  apply  the  key  to  the  square- 
head in  the  side  of  the  box ;  and  by  turning  it  slightly,  bring  the  two  to  coincida 
perfectly.    The  instrument  is  then  adjusted. 

In  some  instruments,  the  hor  glass  has  a  hingt  at  v,  to  allow  it  play  while  being 
adjusted  by  the  single  screw  ST;  but  others  dispense  with  this  hinge,  and  use  two 
•crews  like  S  on  top  of  the  box,  in  addition  to  the  one  in  the  side. 

If  a  sextant  is  used  for  measuring  vert  angles  by  means  of  an  artificial 
borieoii,  the  actual  altitude  will  be  but  one-half  of  that  read  ofi*  on  the 
limb ;  because  we  then  read  at  once  both  the  actual  and  the  reflected  angle.  The 
great  objection  to  the  sextant  for  engineering  purposes,  is  that  it  does  not  measure 

unless  when  the  observer,  and  the  two  ob- 
jects happen  to  be  in  the  same  hor  plane. 
Thus  an  observer  with  a  sextant  at  A,  if 
measuring  the  angle  subtended  by  the 
mountain-peaks  B  and  C,  must  hold  the 
graduated  plane  of  the  sextant  in  the 
plane  of  A  B  0 ;  and  must  actually  meas- 
jf*       ^'',,'''    •  ^         I  ure  the  angle  BAG;   whereas  what  he 

0^^*^'-- '  wants  is  the  hor  angle  nAin.    This  ii 

^' -'W»      greater  than  BAG,  because  the  dists  An 

A  and  A  m  are  shorter  than  A  B  and  A  G. 

The  transit  gives  the  hor  angle  n  A  91,. be- 
oanse  its  graduated  plane  fs  first  fixed  hor  by  the  levelling-screws :  and  the  subse- 
quent measurement  of  the  angle  is  not  affected  by  his  directing  merely  the  line  of 
8i0it  upward,  to  any  extent,  in  order  to  fix  it  upon  B  and  G.  For  more  on  this  sub- 
ject ;  and  for  a  method  of  partially  obviating  this  objection  to  the  sextant,  see  the 
note  to  Example  2,  Case  4,  of  "  Trigonometry." 

The  nautical  sextant,  noed  on  ships,  is  constructed  on  the  same  principle 
as  the  box  sextant ;  and  its  adjustments  are  very  similar.  In  it,  also,  the  index- 
glass  is  permanently  fixed  by  the  maker;  and  the  horizon-glass  has  the  two  adjust- 
ments of  the  box  sextant.  It  also  has  its  dark  glasses  for  looking  at  the  sun ;  and 
a  small  sight-hole,  to  be  used  when  the  telescope  is  dispensed  with. 


angles  horizontally,  as  the  transit  does; 

c 


THE  COMPASS. 


To  adjust  a  Compass. 

The  first  adjastment  is  that  of  the  bubbles.  Plant  firmly ;  and  level  tha 
instrument,  in  any  position  ;  that  is,  bring  the  bubbles  to  the  centers  of  their  tubes. 
Then  turn  the  instrument  half-way  round.  If  the  bubbles  then  remain  at  the  cen- 
ters, they  are  in  adjustment;  but  if  not,  correct  one-half  the  difF  in  each  bubble^ 
by  means  of  the  ndjnsting-screws  of  the  tubes.  Level  the  instrumeat  agaiu;  turn 
it  half  round ;  and  if  the  bubbles  still  do  not  remain  at  the  center,  the  adjusting- 
•crews  must  be  again  moved  a  little,  so  as  to  rectify  half  the  remaining  difi".  Oener* 
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ally  sereral  trial!  mast  be  thus  luade,  until  tlie  bubbles  will  remam  at  the  oente 
while  the  compass  is  being  tamed  entirely  aroand. 

Seeond  acljastinent.  Level  the  compass,  and  then  see  that  the  needle  ii 
hor ;  and  if  not,  make  it  so  by  means  of  the  small  piece  of  wire  which  is  wrapped 
uround  it ;  sliding  the  wire  toward  the  high  end.  A  needle  thus  horizontally  ad- 
justed at  one  place,  will  not  remain  so  if  removed  far  north  or  south  from  that  place. 
If  carried  to  the  north,  the  north  end  will  dip  down ;  and  if  to  the  soath,  the  south 
end  wiU  do  so.    The  sliding  wire  is  intended  to  counteract  this. 

Tlilvd  a«ynst)ineiit.  This  is  always  fixed  rieht  at  first  by  the  maker;  that 
is,  the  sig^Us,  or  slits  for  sighting  through,  9xe  placed  at  ri^t  angles  to  the  compaw 
plate;  so  that  when  the  latter  is  lerelled  by  the  bubbles,  the  sights 
are  vert.  To  test  whether  they  are  so,  hang  up  a  plamb-line ;  and 
having  levelled  the  compass,  take  sight  at  the  line,  and  see  if  the 
slits  coincide  with  it.  If  one  or  both  slits  should  prove  to  be 
out  of  plumb,  as  shown  to  an  exaggerated  extent  in  this  sketch, 
it  should  be  unscrewed  from  the  compass,  and  a  portion  of  its  foot 
on  the  high  side  be  filed  or  ground  ofi^  as  per  the  dotted  line ;  or 
as  a  temporary  expedient,  a  small  wedge  may  be  placed  under  the  "^ 
low  side,  so  as  to  n^se  it. 

Foartb  A<t|iiJ»tiiient«  to  straighten  the  needle,  if  It  should  become  bent. 
The  compass  being  levelled,  and  the  needle  hor,  and  loose  on 'its  pivot,  see  whether 
its  two  ends  continue  to  point  to  exactly  opposite  graduations,  (that  is,  graduations 
180°  apart;)  while  the  compass  is  turned  completely  around..  If  it  does,  the  needle 
is  straight ;  and  its  pin  is  in  the  center  of  the  graduated  circle ;  but  if  it  does  not, 
then  one  or  both  of  these  require  acUusCing.  Fint  level  the  compass.  Then  torn  it 
until  some  graduation  (say  wP)  comes  precisely  to  the  mMrth  end  of  tlie  needle.  If 
the  south  end  does  not  then  point  precisely  to  the  opposite  90^  division,  lilt  off  the 
needle,  and  bend  thb  pivot-foint  until  it  does ;  remembering  that  every  time  said 
point  is  bent,  the  compass  most  be  turned  a  hairsbreadth  so  as  to  keep  the  north  end 
of  the  needle  at  its  90^  mark%  Then  turu  the  compass  half-wa^  round,  or  until  the 
opponte  90°  mark  comes  precisely  to  the  north  end  of  the  needle.  Make  a  fine  pen- 
cil mark  where  the  aotOh  end  of  the  needle  now  points.  Then  take  off  the  needle, 
'  and  bend  it  until  its  south  end  points  half-vfay  between  its  90°  mark  and  the  pendl 
mark,  while  its  north  end  is  kept  at  90°  by  moving  the  compass  round  a  hairsbreadth. 
The  needle  will  then  be  straight,  and  yiust  not  be  altered  in  making  the  following 
acU^tment,  although  it  will  not  yet  cut  opposite  <* 


Fiflfh  adjuistmeiit,  of  the  pivot-pin.  After  being  certain  that  the  needle  Is 
straight,  turn,.the  compass  around  until  a  part  is  arrired  at  where  the  two  ends  of  the 
needle  happen  to  cut  opposite  degrees.  Then  turn  the  compass  quarter  way  around, 
or  through  W°.  If  the  needle  then  cuts  opposite  degrees,  the  pivot-point  is  already 
in  adjustment;  but  if  the  needle  does  not  so  cut,  bend  the  pivot-point  until  it  does. 
Repeat,  if  necessary,  until  the  needle  cuts  opposite  degrees  while  being  turned  entirely 
around. 

Care  and  nicety  of  observation  are  necessary  in  making  these  a4jastments  properly ; 
because  the  entire  «nror  to  be  rectified  Is,  in  itself,  a  minute  quantity ;  and  the  novice 
is  verv  apt  to  increase  hid  trouble  by  not  knowing  how  to  nse  bis  niai^iiifier, 
when  loolcing  at  the  end  of  the  needle  and  the  correspondlog  graduations.  The  mag- 
niller  must  always  be  held  with  its  center  dirtetly  over  the  point  to  be  examined;  am] 
it  must  be  held  parallel  to  the  graduated  circlp.  Otherwise  annoying  errors  of 
several  minutes  will  be  made  in  a  single  observation ;  and  the  accumulation  of  two 
or  three  such  errors,  arising  from  a  cause  unknown  to  him,  may  compel  him  to 
abandon  the  a4justments  in  despair.  This  suggestion  applies  also  to  the  reading  of 
angles  taken  by  the  transit,  Ac ;  although  the  errors  are  not  then  likely  to  be  so 
great  as  in  the  case  of  the  compass.  In  purchasing  a  magnifier  for  a  compass,  see 
that  no  part  of  it,  as  hinges,  or  rivets,  are  made  of  iron ;  for  such  would  change  the 
direction  of  the  needle. 

If  the  sight-slits  of  a  compass  are  not  fixed  by  the  maker  in  line  with  the  two 
opposite  zeros,  the  engineer  cannot  remedy  the  defect.  This  can  be  ascertained  by 
passing  a  piece  of  fine  thread  through  the  slits,  and  observing  whether  it  stands 
precisely  over  the  zeros. 
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S02  OOVTOUB  UNSS. 

United  States,  by  Heniy  Gaanetti  in  17th  Annual  Beport  of  U.  8.  Geological 
Survey,  1895-6. 

Electricity,  either  atmospherio,  or  excited  by  rubbing  the  glass  cover  of 
the  compass  box,  sometimes  gives  trouble.  It  may  be  removed  by  touching  the 
glass  with  the  moist  tongue  or  finger. 

DEHAOmBTTZATIOir. 

The  needle,  if  of  soft  metal,  sometimes  loses  part  of  its  magnetism,  and  consequently 
does  not  work  well.  It  may  be  restored  by  simply  drawing  the  north  pole  of  a 
common  magnet  (either  straight  or  horseshoe)  about  a  dozen  times,  from  the  center 
to  the  end  of  the  south  half  of  tlie  needle ;  and  the  south  pole,  in  the  same  way,  along 
the  north  half;  precising  the  magnet  gently  upon  the  needle.  After  each  stroke, 
remove  the  magnet  several  inches  from  the  needle,  while  bringing  it  back  to  the 
center  for  making  another  stroke.  Each  half  of  the  needle  in  turn,  while  being  thus 
operated  on,  should  be  held  flat  upon  a  smooth  hard  surface.  Sluggish  action  of  the 
Deedle  is,  however,  more  generally  produced  by  the  dulling  or  other  iujury  of  the 
point  of  the  pivot.  Remagnetiziiig  will  throw  the  needle  out  of  balance ;  which  must 
be  counteracted  by  the  sliding  wire. 

In  order  to  prevent  mistakes  by  readings  sometimes  from  one  end, 
and  sometimes  from  the  other  end  of  the  needle,  it  is  best  to  always  point  the  N  of 
the  compass- box  toward  the  object  whose  bearing  is  to  be  taken;  and  to  read  off 
from  the  north  end  of  the  needle.    This  is  also  more  acciunte. 


CONTOUR  LINES. 


AooNTOUB  uifB  is  a  curved  hor  one,  every  point  in  which  represents  the  same  lev^; 
thus  each  of  the  contour  lines  88c,  91c,  94c,  Ac,  Fig  1,  indicates  that  every  point  in 
the  ground  through  which  it  is  traced  is  at  the  same  level ;  and  that  that  level  or 
height  is  everywhere  88,  91,  or  94  ft  above  a  certain  other  level  or  height  called 
datum ;  to  which  all  others  are  referred. 

Frequently  the  level  of  the  starting  point  of  a  survey  is  tak«i  as  being  0,  or  zero, 
or  datum ;  and  if  we  are  sure  of  meeting  with  no  points  lower  than  it,  this  answers 
every  purpose.  But  if  there  is  a  probability  of  many  lower  points,  it  is  better  to 
assume  the  starting  point  to  be  so  fiu:  above  a  certain  supposed  datura,  that  none  of 
these  lower  points  shall  become  minus  quantities,  or  bdow  said  supposed  datum  or 
zero.  The  only  object  in  this  is  to  avoid  the  liability  to  error  wluch  arises  when 
some  of  the  levels  are  +,  or  plus ;  and  some  — ,  or  minus.  Hence  we  may  assume 
the  level  of  the  starting  point  to  be  10,  100,  1000,  Ac,  ft  above  datum,  according  to 
circumstances. 

The  vert  dists  between  each  two  contour  lines  are  supposed  to  be  equal ;  and  in 
railroad  surveys  througli  well-known  districts,  where  the  engineer  knows  that  hii 
actual  line  of  survey  will  not  require  to  be  much  changed,  the  diet  may  be  1  or  2  ft 
only  ;  and  the  lines  need  not  be  laid  down  for  widths  greater  than  100  or  200  ft  on 
each  side  of  his  center-stakes.  But  in  regions  of  which  the  topography  is  compa.ra- 
(ively  unknown ;  and  where  consequently  unexpected  obstacles  may  oc^ur  which 
require  the  line  to  be  materially  changed  for  a  considerable  dist  back,  the  obeervn- 
tions  should  extend  to  greater  widths ;  and  for  expedition  the  vertical  dists  apurt 
may  be  increased  to  3,  5,  or  even  10  ft,  depending  on  the  character  of  the  countiT, 
Ac.  Also,  when  a  survey  is  made  for  a  topographical  maiif  of  a  State,  or  of  a  count^Tt 
vert  dists  of  5  or  10  ft  will  generally  suffice. 

Let  the  line  A  B,  Fig  1,  starting  from  0,  represent  three  stations  (8  1,  S  2,  S  3,)  of 

the  center  line  of  a  railroad  survey;  and  let  the  numbers  100,  103,  101, 104,  along 

that  line  denote  the  heights  at  the  stakes  above  datum,  as  determined  by  levelling. 

I'hen  the  use  of  the  contour  lines  is  to  show  in  the  offlcM  what  would  be  the  effect 

changing  the  surveyed  center  line  A  B,  by  nu^ving  any  part  ^1^^^^  right  or 
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Mt  hand.*  Thus,  if  it  should  be  mored  100  ft  to  the  left,  the  ttartlng  point  0  voold 
be  on  ground  about  6  ft  higher  than  at  present ;  inasmuch  as  its  level  would  then 
be  about  106  ft  above  datum,  instead  of  100.  Station  1  would  be  about  7  ft  higlier, 
or  110  ft  instead  of  103  Station  2  would  be  about  7  ft  higher,  or  108  ft  instead  of 
101.    If  the  line  b^  thrown  to  the  riffht,  it  will  plainly  be  on  lower  ground. 

The  field  observations  for  contour  lines  are  sometimes  made  with  the  spirit-level: 
but  more  frequently  oy  a  slope-man,  with  a  straight  l2-ft  graduated  rod,  and  a  slope 
instrument,  or  clinometer.    At  eacb  station  he  lays  his  rod  upon  the  ground,  as 


oaarlT  a^  ili^t  angles  to  the  center  line  A  B  as  he  can  Judge  by  eye ;  and  placing 
the  slope  instrument  upon  it,  he  takes  the  angle  of  the  slope  of  the  ground  to  the 
nearest  ^  of  a  degree.  He  also  observes  how  far  beyond  the  rod  the  slope  continues 
the  same ;  and  with  the  rod  he  measures  the  dist.  Then  laying  down  the  rod  at  thai 
point  also,  he  takes  the  next  slope,  and  measures  its  length ;  and  so  on  as  far  as  may 
be  Judged  necessary.  His  notes  are  entered  in  his  field-book  as  shown  in  Fig  2 ;  the 
angles  of  the  slopes  being  written  above  the  lines,  and  their  lengths  below ;  and- 
should  be  accompanied  by  such  remarks  us  the  locality  suggests ;  such  as  woods, 
rocks,  marsh,  sand,  field,  garden,  across  small  run,  Ac,  Ac. 

*  In  thus  osinff  the  wordavlffht  and  lefl  m  an  smppMed  to  kave ««r  k«okt  tamed  to  tbe  stmrttng 

point  of  the  surrey.  In  a  river,  the  rlnrh^  banli  or  shoro  ia  that  which 
IB  on  the  right  hand  as  we  deseend  it,  that  is,  in  speaking  of  its  right  or  left 
tank,  w*  ar»  suopoMd  to  kkf  oar  bseka  turnad  toward*  its  bead,  or  ortftn ;  aod  ao  witli  a  turrcy 
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It  is  not  absolutely  Decessary  to  represent  the  slopes  roughly  in  the  fleld>book,  m 
in  Fig  2;  for  by  usin^  the  sign  +  to  signify  "up;"  •—'"down;"  and  =  "lerel,'* 
the  slopes  may  be  writ- 
ten in  a  straight  line,  "\/«. 
as  in  Fig  2K.  A^ 

The  notes  having  been  '  5«- 

taken,  the   preparation  '^ 

of  the  contour  lines  by 
means  of  them,  is  of 
course  office-work ;  and 
is  usually  done  at  the 
same  time  as  the  draw- 
ing of  the  map,  Ac.  The 
field  obsenrations  at  each 
station  are  then  sepa- 
rately drawn  by  protrac- 
tor and  scale,  as  shown 
in  Fig  3  for  the  starting 
point  0.  The  scale  should  not  be  less  than  about  -^  inch  to  a  ft,  if  anything  lik« 
accuracy  is  aimed  at.  SupjKise  that  at  said  station  the  slopes  to  the  I'ight,  taken  in 
their  order,  are,  as  in  Fig  2, 15°  4©.  and  28° ;  and  those  to  the  left,  20^,  10°,  and  16° ; 
and  their  lengths  as  in  the  same  Fig.  Draw  a  hor  line  Ao,  Fig  3 ;  and  consider  the 
center  of  it  to  be  the  station-stake.  From  this  point  as  a  center,  lay  off  tiiese  angles 
with  a  protractor,  as  shown  on  the  arcs  in  Fig  3.  Then  beginning  say  on  the  right 
hand,  with  a  parallel  ruler  draw  the  first  dist  a  c,  at  its  proper  slope  of  VP ;  and  of 
its  proper  length,  45  ft,  by  scale.  Then  the  same  with  c  y  and  y  t.  Do  the  same  with 
those  on  the  left  hand.  We  then  hare  a  cross-section  of  the  ground  at  8ta  0.  Then 
on  the  map,  as  in  Fig  1,  draw  a  line  as  m  n,  or  A  «?,  at  right  angles  to  the  line  of  road, 
and  passing  through  th  i  stationnstake.  On  this  line  lay  down  tne  Aor  dists  ad,ds,iVf 
ae^eg.g  k^  marking  them  with  a  small  star,  as  is  done  and  lettered  in  Fig  1,  at  Sta  0. 

When  extreme  accuracy  is  pretended  to,  these  hor  dists  must  be  found  by  measure 
on  Fig  3 ;  but  as  a  general  rule  it  will  be  near  enough,  when  the  slopes  do  not  ex- 
ceed 10°,  tq  assume  them  to  be  the  same  as  the  sloping  dists  measured  in  the  field. 
Next  ascertain  how  high  each  of  the  points  cytlnxi^  abore  datum.  Thus,  measure 
by  scale  the  vert  dist  dc.  Suppose  it  is  found  to  be  5  ft ;  or  In  oth^  words,  that  c 
is  5  ft  hdow  station-stake  0.  Then  since  the  level  at  stake  0  is  100  ft  abore  datum, 
that  at  c  must  be  5  ft  Uss^  or  100  —  6  =  96  ft  above  datum ;  which  may  be  marked  in 
light  lead-pencil  figures  on  the  map,  as  at  d,  Fig  1.  Next  for  the  p<»int  y,  suppose 
we  find  <  y  to  be  tl  ft,  or  y  to  be  11  ft  btlov)  stake  0 ;  then  its  height  above  datum 
must  be  100  — 11  =>  80 ;  which  also  write  in  pencil,  as  at «.  Proceed  in  the  same 
way  with  t.  Next  going  to  the  left  hand  of  the  station-stake,  we  find  eZ  to  be  say 
2  ft;  but  2  is  above  the  level  of  the  station-«take,  therefore  its  height  above  datum  ill 


100  +  2  n  102  ft,  as  figured  at  e  on  the  map.  Let  n^r  be  5  ft;  then  is  n,  100  +  5  •*« 
106  ft  above  datum,  as  marked  at  a ;  and  so  on  at  each  station.  M'hen  this  has  been 
done  at  several  stations,  we  may  draw  in  the  contour  lines  of  that  portion  by  band 
thus:  Suppose  they  are  to  represent  vert  heights  of  3  ft.  Beginning  at  Station  O 
(of  which  the  height  above  datum  is  100  ft)  to  lay  down  a  contour  line  108  ft  above 
datum,  we  see  at  once  that  the  height  of  103  ft  must  be  at  <,  or  at  U  the  dist  from  « 
to  g.  Make  a  light  lead-pencil  dot  at  t ;  and  then  go  to  the  next  Station  1.  Here 
we  see  that  the  height  of  103  ft  coincides  with  the  station-stake  itself;  place  a  dot 
there,  and  go  to  Sta  2.    The  level  at  this  stake  is  101 ;  therefore  the  contour  for  108 
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It  mutt  eTldently  be  2  ft  higher,  or  atj/,  %  of  the  dtst  ftem  Sta  2  to  +104 ;  thereion 
m«ke  a  dot  at  i.  Then  go  to  Sta  3^  Hare  the  level  belbg  104  aboye  datum,  the  con- 
tonr  of  103  most  be  at  y,  or  i  of  the  diat  ttom  Sta  3  to  +90 ;  put  a  dot  at  y.  Tinallj 
draw  by  hand  a  curving  line  through  ^  SI,  i,  and  y;  and  the  contour  line  of  103  ft 
ii  done.  All  the  othere  are  prepared  in.  the  lame  way,  tme  by  one.  The  level  of  each 
must  be  figured  upon  it  at  short  intervals  along  the  map,  as  at  103  e,  106  c,  Ac. 

Or,  instead  of  first  placing  the  +  points  on  the  map,  to  denote  the  slope  dists  actu- 
ally measured  upon  the  ground,  vre  may  at  once,  and  with  less  trouble,  find  and  show 
those  only  which  represent  the  p<^ts  t,  S 1,  t',  y,  Ac,  of  the  contours  themselves. 
Thus,  say  that  at  any  given  station-etake.  Fig  4,  the  level  is  104;  that  the  cross-see^ 
tion  ctat  the  ground  has  been  prepared  as  before ;  and  that  we  want  the  hor  diets 
from  the  stake,  to  contour  lines  for  04, 97, 100  ft,  Ao»  3  ft  apart  vert. 


Draw  a  vert  line  v  I,  through  the  station-stake,  and  on  it  by  scale  mark  levels 
of  94,  97, 100,  Ac.  ft.  This  is  readily  done,  inasrauoh  as  we  have  the  level  104  of 
the  stake  already  given.  Through  these  levels  draw  the  hor  lines  cl  6,  «n,  n,  Ac. 
to  the  ground-slopes.  Then  these  lines,  measured  by  the  scale,  plainly  give  the 
required  dists. 

when  the  ground  is  very  irregular  transversely,  the  crossHWctions  must  be 
taken  in  the  field  nearer  together  than  100  ft.  The  preparation  of  contour  lines 
will  be  greatly  facilitated  by  the  use  of  paper  ruled  into  small  squares  of  not  lees 
than  about  ^  inch  to  a  side,  for  drawing  the  cross-sections  upon. 

When  the  ground  is  very  steep,  it  is  usual  to  shade  such  portions  of  the  map  to 
represent  hill-side.  The  closer  together  the  contours  come,  the  steeper  of  course 
is  the  ground  between  them  ;  and  the  shading  should  be  proportionally  darker 
at  such  portions.    But  for  working  maps  it  is  best  to  omit  the  shading. 

In  surveys  of  wide  districts,  the  transit  instrument  with  a  graduated  vertical 
circle  or  arc,  g,  p.  291,  is  used  for  measuring  the  angles  of  slope,  instead  of 
the  common  slope-instrument. 

In  many  cases,  notes  similar  to  the  following  will  serve  the  purpose  of  contour 
lines  on  railroad  surveys. 

sta  60 —  8.1R.    +ML. 

61 +  2.211.    —  l.SL. 

62 =s  I.  B.    -h  4.  «  L. 

68 " 

Whioh  meMM  that  at  ttatton  60,  the  itlope  of  the  groand  on  the  right,  m  nearly  as  he  oaa  Jadge  bv 
eye,  or  bT  hie  hand-level,  ie  about  :t  ft  downward,  for  I  chain,  or  100  ft :  and  on  the  left,  about  2  ft 


X 


^     .  lunuiTAiLi.  lur  t  uusiu,  ur  ivu  Ik  i   auu  wu   i>u«  iTstk,  »wuu»  »  ik 

■pward  In  1  chain.  At  61,  2  ft  up,  in  2  chalan  to  the  right;  and  I  ft  down  in  S  chain*  to  the  left. 
At  62,  lerel  for  1  chain  to  the  rii^ht;  and  aii-endlng  4  ft  in  2  ehaina  to  the  left.  At  6S,  the  nme  as  at 
6S.  At  Bome  ipots  it  will  be  well  to  add  a  nketch  of  a  orone-eeetion,  like  Pic  2;  only,  inetead  of  the 
aagles,  nae  ft  of  rise  or  fall,  to  itidi-ate  the  alopes,  as  Judged  by  eye,  or  by  a  hand-lerel.  By  this 
method,  the  reenltat  every  atiti')!!  will  be  somewlutt  in  error;  but  theeeemall  errors  will  balance 
each  other  eo  nearly  that  the  toT^l  may  be  regnrd«[  as  ennciently  correct  for  all  the  pnrpoeen  nf  a 
preliminary  estimate  of  the  cnitt  of  a  road.  When  the  final  stakes  for  guiding  the  workmen  are 
placed,  the  slopes  should  beoarefully  taken,  In  order  toealoulsM  the  qoaaitty  of  esoavation  aoo«> 
rately  for  payment. 
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Aj/thouoh  the  levels  of  different  makers  rary  somewhat  in  their  details,  still  thefi 
principal  parts  will  be  understood  from  the  following  figure.  The  telescope  T  T 
rests  upon  two  supports  Y Y,  called  Ys ;  out  of  which  it  can  be  lifted,  first  removing 
the  pins  s  s  which  confine  the  semicircular  clips  «  c,  and  then  opening  the  clips. 
The  pins  should  be  tied  to  the  Ys,  by  pieces  of  string,  to  prevent  their  being  lost. 
The  slide  of  the  object-glass  O,  is  moved  backward  or  forward  by  a  rack  and  pinion, 
by  means  of  the  milled  head  A.  The  slide  of  the  eye-glass  £,  is  moved  in  the  same 
way  bv  the  milled  head  e.  A  cylindrical  tube  of  brass,  called  a  shade,  is  usually 
furnished  with  each  level.  It  is  intended  to  \^  slid  on  to  the  object-end  O  of  the 
telescope,  to  prevent  the  glare  of  the  sun  upon  the  object-glass,  when  the  sun  is 
low.  At  B  is  an  outer  ring  encircling  the  telescope,  and  carrying  4  small  capstan- 
headed  screws;  two  of  which,  oj>,  are  at  top  and  oottom;  while  the  other  two, 
of  which  i  is  one,  are  at  the  sides,  and  at  right  angles  top  j>.  Inside  of  this  outer 
rinff  is  another,  inside  of  the  telescope,  and  which  has  stretched  across  it  two 
spider-webs,  usually  called  the  cross-haibs.  These  are  much  finer  than  they  ap- 
pear to  be,  being  considerably  magnified.  They  are  at  right  angles  to  each  other; 
and,  in  levelling,  one  is  kept  vert,  and  the  other  hor.  They  are  liable  at  times  to  b« 
c  c 


thrown  out  of  this  position  by  a  partial  revolution  of  the  telescope,  when  carrying 
the  level,  or  when  setting  the  tripod  down  suddenly  upon  the  ground;  but  since,  in 
levelling,  the  inUrsectum  of  the  hairs  is  directed  to  the  target-rod,  this  derangement 
does  not  affect  the  accuracy  of  the  work.  Still  it  is  well  to  keep  them  nearly  vert 
and  hor,  by  keeping  the  bubblk-tube  D  D  as  nearly  directly  over  the  bar  V  F  as  can 
be  judged  by  eye.  This  euables  the  leveller  to  see  that  the  rod-man  holds  his  rod 
nearly  vert,  which  is  absolutely  essential  for  correct  levelling.  If  perfect  verticality 
IS  desired,  as  is  sometimes  the  case,  when  staking  out  work,  it  may  be  obtained  {if 
tJif.  instrument  is  in  perfect  adjuUment,  and  UvelUd)  by  sighting  at  a  plumb-line,  or 
other  vert  object,  and  then  turning  the  telescope  a  little  in  its  Ys,so  as  to  bring  the 
hair  to  correspond.  When  this  is  done,  a  short  continuous  scratch  may  be  made  on 
the  telescope  and  Y,  to  save  that  troui:le  in  future.  Heller  A  Brightly,  however, 
inrovide  their  levels  with  a  small  projection  inside  of  the  Ys,  and  a  corresponding 
stop  on  the  telescope,  the  contact  of  which  insures  the  verticality  of  tne  htdr. 
Should  the  hairs  be  oroken  by  accident,  they  may  be  replaced  as  directed  here- 
after. 

The  small  holes  around  the  headsof  the  4  small  capstan-screwsp,  ^  just  referred  toy 
are  for  admitting  the  end  of  a  small  steel  pin.  or  lever,  for  turning  them.  If  first 
the  uDper  screw  p  be  loosened,  and  then  the  lower  one  tightened,  the  interior  ring 
will  be  lowered,  and  the  horizontal  hair  with  it.    But  on  looking  through  the  tele- 
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soop64h«y  will  apj^tar  to  be  rftlMd.  If  first  the  lower  one  be  loosened,  and  the  np|»er 
one  tightened,  the  hor  hair  will  be  actually  raited,  bat  apparently  lowered.  This  is 
because  the  glasses  iu  the  eye-piece  E  reverse  the  apparent  position  of  objects  iruiiU 
of  the  telescope ;  which  effect  is  obviated,  as  regards  exterior  objects,  by  means  of 
the  object-glass  0.  This  must  be  remembered  when  adjusting  the  cross-haJrs ;  for  if  a 
hair  appears  to  strike  too  high,  it  must  be  raised  still  higher ;  if  it  appears  to  be 
already  too  far  to  the  right  or  left,  it  must  be  actually  moved  still  more  in  the  same 
direction. 
This  remark,  however,  does  not  apply  to  telescopes  which-  make  objects  appear 


There  is  no  danger  of  iqjurinr  the  hairs  by  these  motions,  inasmuch  as  the  four 
screws  act  against  the  ring  only,  and  do  not  come  in  contact  with  the  hairs  them* 
selves. 

Under  the  telescope  is  the  bubbls>titbe  I>  B.  One  end  of  this  tube  can  be  raised  or 
lowered  slightly  by  means  of  the  two  capstan-beaded  nuts  n  n,  one  of  which  must 
be  loosened  before  the  other  is  tightened.  On  top  of  the  bubble«tube  are  scratchaf 
for  showing  when  the  bubble  is  central  in  the  tube.  Frequently  these  scratches,  or 
marks,  are  made  on  a  strip  of  brass  placed  above  the  tube,  as  in  our  fig.  There  are 
several  of  them,  to  allow  for  the  lengthening  or  shortening  of  the  bubble  by  changes 
of  temperatuie.  At  the  other  end  of  the  bubble-tube  are  two  small  capstan-screws, 
placed  on  opposite  sides  horizontally.  The  circular  head  of  one  of  them  is  shown 
near  L  By  means  of  these  two  screws,  that  end  of  the  tube  can  be  slightly  moved 
hor,  or  to  right  or  left.  Under  the  bubble-tube  is  the  bab  Y  F  ;  at  one  end  of  which, 
as  at  y,are  two  large  ci^stan-nuts  w  w^hich  operate  upon  a  stout  interior  screw 
ii^ich  forms  a  prolongation  of  the  T.  The  holes  in  these  nuts  are  lai^r  than  the 
others,  as  they  require  a  larger  lever  for  turning  them.  If  the  lower  nut  is  loosened 
and  the  upper  one  tightened,  the  T  above  is  raised ;  and  that  end  of  the  telescope 
becomes  farther  removed  from  the  bar ;  and  vice  versa.  Some  makers  place  a  similar 
screw  and  nuts  under  both  Ts ;  while  others  dispense  with  the  nuts  entirely,  and 
substitute  beneath  one  end  of  the  bar  a  large  circular  milled  head,  to  be  turned  by 
the  fingers.  This,  however,  is  exposed  to  accidental  alteration,  which  should  be 
avoided. 

Whea  the  portions  above  m  are  put  upon  m.  and  ftotened  br  the  screw  Y,  all 
the  upper  part  mar  be  swung  round  hor,  in  either  direction,  oy  loosening  the 
elamiHSerew  H ;  or  such  motion  may  be  prevented  by  tightening  thatecrew. 
It  frequently  happens,  after  the  telescope  has  been  sighted  very  nearly  upon  an 
obilecC  and  then  clamped  by  H,  that  we  wish  to  bring  the  cross-hairs  to  coincide 
more  precisely  with  the  object  than  we  can  readily  do  by  turning  the  telescope  by 
hand;  and  in  this  case  we  use  the  t«ii|reat-f»crew  6,  by  means  of  which  a 
Bli^t  but  steady  motion  may  be  given  after  the  inBtrument  is  olampecL  For 
ta^T  remarks  on  the  clamp  and  tangent-ecrews,  see  ''Transit.'' 

The  parallel  plates  m  and  S  are  operated  bv  four  levelllnar-serews  ; 
three  of  which  are  seen  in  the  figure,  at  K  K.  The  screws  work  in  sockets  B; 
which,  as  well  as  the  screwi^  extend  above  the  upper  plate.  When  the  instrument 
is  placed  on  the  ground  for  levelling,  it  is  well  to  set  it  so  that  the  lower  parallel 
plate  S  shall  be  as  nearly  horizontal  as  can  be  roughly  judged  by  eye ;  in  order 
to  avoid  much  turning  of  the  levelling  screws  K  K  in  making  the  upper  plate 
m  hor.  The  lower  plate  S,  and  the  brass  parts  below  it,  are  together  called  the 
trlpod-bead  ;  and,  in  connection  with  three  wooden  legs  Q  Q  Q,  constitute 
the  tripod.  In  the  figure  are  seen  the  heads  of  wing-nuts  J  which  confine  the 
legs  to  the  tripod-bead.  Under  the  center  of  the  triiM)d-head  should  always  be 
placed  a  small  ring,  from  which  a  plumb-bob  may  oe  suspended.  This  is  not 
needed  in  ordinary  leTelling,  but  becomes  uselUl  when  ranging  center-stakes,  Ac 

To  adjast  a  I^Tel. 

This  is  a  quite  simple  operation,  but  requires  a  little  patience.  Be  careful  to  avoid 
tiraiminff  any  of  the  scre^ra.  The  large  Y  nuts  vt  w  sometimes  require  some  force  tc 
ttart  them ;  but  it  should  be  applied  by  pressure,  and  not  by  blows.  Before  begin- 
t:ing  to  adjust,  attend  to  the  object-glass,  as  directed  in  the  first  sentence  under  *^To 
•4just  a  plain  transit.*' 

Three  adjustments  are  necessary ;  and  miut  be  made  in  (fu  following  order: 

First,  tliat  of  the  eross-bairs ;  to  secure  that  their  intersection  shall 
continue  to  strike  the  same  point  of  a  distant  object,  while  the  telescope  is  being 
turned  round  a  complete  revolution  in  its  Ts.  This  is  called  adjusting  the  line 
of  eolllmatlon,  or  sometimes,  the  line  qf  sight;  but  it  is  not  strictly  the  line 
of  sight  until  all  the  adjustments  are  finished;  for  until  then,  the  line  of  coUimation 
will  not  serve  for  taking  levelling  sight^.     If  cr—  lialra  break*  see  p  296. 

Seeond;  tbat  of  tbe  babble-tabe  D  D,  to  place  it  parallel  to  th«  Una 
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of  eolNmation.  prerfomly  a^lmted ;  to  that  when  the  babble  staiidB  at  tfa*  centre  of 
Its  tube,  indicating^  that  it  is  lerel,  we  know  that  onr  sight  through  the  telescope  is 
hor.   To  replace  broken  babble  tabe,  see  p  29A. 

Tblrd,  tbat  of  tbe  Ts,  by  which  the  telescope  and  babble-tube  are  supported; 
w>  that  the  bubble-tube,  and  line  of  sight,  shall  be  perp  to  the  vert  axis  of  the  instru- 
ment;  so  as  to  remain  her  while  the  telescope  is  pointed  to  ob(|ects  in  diff  directions, 
as  when  taking  back  and  fore  sights. 

To  make  tbe  first  afdJaotinoat»  or  that  of  the  cross-hairs,  plant  the 
tripod ^rmfy  upon  the  ground.  In  this  a4justment  it  is  not  necessary  to  ler^  the 
instrument.  Open  the  clipe  of  the  Ys;  undamp;  draw  out  the  eye-glass  E,  until 
the  cross-hairs  are  Been  perfectly  dear ;  si^t  the  telescope  toward  some  clear  dis- 
tant point  of  an  object ;  or  still  better,  toward  some  straight  line,  whether  rert  or 
Dot.  More  the  object-fflaas  0,  by  means  of  the  milled  head  A,  so  that  the  object  shall 
be  cleariy  seen,  wltnoat  parallax*  that  is,  without  any  apparent  dancing 
about  of  the  cross-hairs,  if  the  eye  is  moved  a  little  op  or  down  or  sidewaye.  To 
secure  this,  the  object-glass  alone  is  moved  to  suit  different  distances;  the  eye-gUas 
is  not  to  be  changed  after  it  is  once  properly  fixed  upon  the  cross-hairs.  The  ne^ect 
of  parallax  is  a  source  of  frequent  errors  in  levelling.  Olamp ;  and,  by  means  of  the 
tangent-serew  6,  bring  either  one  of  the  cross-haita  to  coincide  preeitely  with  the 
object.  Then  gently,  and  without  jarring,  revolve  the  telescope  half-way  round  in 
its  Ys.  When  this  is  done,  if  the  hair  still  coineides  precisely  with  the  object,  it  is 
in  adjustment ;  and  we  proceed  to  try  the  other  hair.  But  if  it  does  not  coincide, 
then  by  means  of  the  4  acrewsp,  i,  move  the  ring  which  ctirries  the  hairs,  so  as  to 
rectif>)  as  nearly  as  can  be  Judged  by  eye,  only  one-half  of  the  error;  remembering 
that  the  ring  must  be  moved  in  the  direction  oppoeite  to  what  appeart  to  be  the 
right  o^ ;  unless  the  telescope  is  an  inverting  one.  Then  turn  the  telescope  bac^ 
again  to  its  former  position ;  and  again  by  the  tangent-screw  bring  the  cross-hair  to 
coincide  with  the  object.  Then  again  turn  the  telescope  half-way  round  as  before. 
The  hair  will  now  be  found  to  be  more  nearly  in  its  right  place,  but,  in  all  probabil- 
ity,  not  precisely  so ;  inasmuch  as  it  is  difficult  to  estimate  one-half  the  error  accn- 
rately  by  eye.  Therefore  a  little  more  alteration  of  the  ring  must  be  made ;  and  it  . 
may  be  necessary  to  repeat  the  operation  several  times,  before  the  adjustment  is 
peifect.  Afterward  treat  the  other  hair  in  precisely  the  same  manner.  When  both 
-are  adjusted,  their  intersection  will  strike  the  same  precise  spot  while  the  telescope 
is  being  turned  entireljf  round  in  its  Ys.  This  must  be  tried  before  the  adjustment 
can  be  pronounced  perfect;  because  at  times  the  adjustment  of  the  second  hair, 
slightly  deranges  that  of  the  first  one ;  especially  if  both  were  much  out  in  the  b» 
ginning. 

To  make  tbe  seeond  adjustment,  or  to  place  the  bubble-tube  parallel 
to  the  line  of  colllmatlon.  This  consists  of  two  dis- 
tinct adjustments,  one  vert,  and  one  hor.  The  first 
of  these  is  effected  by  means  of  the  two  nuts  nn  on 
the  vert  screw  at  one  end  of  the  tube  ;  and  the  second 
by  the  two  hor  screws  at  the  other  end,  t,  of  the  tube. 
Looking  at  the  bubble-tube  endwise,  from  t  in  the 
foregoing  Fig,  its  two  hor  adjusting-screws  1 1  are 
seen  as  in  this  sketcii.  The  larger  capstan-headed 
nut  below,  has  nothing  to  do  with  the  adjustments; 
it  merely  holds  the  end  of  the  tube  in  its  place. 

To  make  the  vert  adjustment  of  the  bubble-tube,  by  means  of  the  two  nuts  nn.  Place 
the  telescope  over  a  diagotial  pair  of  the  levelling-screws  K  K ;  and  clamp  it  there. 
Open  the  clips  of  the  Yh;  and  by  means  of  tbe  levelling-screws  bring  the  bubble  to 
the  center  of  its  tube.  Lift  the  telescope  gently  out  of  the  Ys,  turn  it  end  for  end,  and 
put  it  back  again  in  its  reversed  position.  Thiu  beiug  done,  if  the  bubble  still  remains 
at  the  center  of  its  tube,  this  adjustment  is  in  order ;  but  if  it  moves  toward  one  end, 
that  end  is  too  high,  and  must  be  lowered ;  or  else  the  other  end  must  be  raised. 
First,  correct  half  the  error  by  means  of  the  levelling-screws  K  K,  and  then  the  re- 
maining half  by  means  of  the  two  small  capstan-headed  nuts  n  n.  To  rotM  the  end 
n,  first  loosen  the  upper  nut  and  then  tighten  the  lower  one ;  to  do  which,  turn  each 
nut  so  that  the  near  side  moves  toward  your  right.  To  lower  it,  first  loosen  the  lowei 
nut,  then  tighten  the  upper  one,  moving  the  tisar  side  of  each  nut  toward  your  left 
Having  thus  brought  the  bubble  to  the  middle  again,  again  lift  the  telescope  out  of 
its  Ys ;  turn  it  mtid  for  end,  and  replace  it.  The  bubble  'nill  now  settle  nearer  th» 
center  than  it  did  before,  but  will  probably  require  still  further  adjustment  If  so, 
correct  Hal/  the  remaining  error  by  the  levelling-screws,  and  half  by  the  nuts,  as  be- 
fore; and  so  continue  to  repeat  tbe  op^lttion  until  the  bubble  remains  at  the  centei 
in  both  positions.    For  another  method,  see  *'  To  adjust  the  long  bubble-tmbe,"  p  295. 

Horizontal  a4justment  of  bubble-tube ;  to  see  that  its  axis  is  in  the  same  plane 
th  that  of  the  telescope,  as  it  lumally  is  in  new  instruments.    It  is  not  easily  de- 
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ranged,  except  bj  blows.  Have  the  bubble-tube,  ai  nearly  a«  mkj  be,  directly  under 
the  telescope,  or  over  the  center  of  the  bar  ▼  T»  Bring  the  telescope  over  two  of  the 
levelling-screws  K  K ;  clamp  it  there ;  center  the  bubble  with  said  screws ;  turn  the 
telescope  in  its  Ts,  say  about  ^  inch,  bringing  the  bubble-tube  out  from  over  the 
center  of  the  bar,  first  on  one  side,  then  on  the  other.  If  the  bubble  stays  centered 
while  so  swung  out,  this  adjustment  is  correct  If  it  runs  toward  opposite  ends  of  its 
tube  when  swung  out  on  opposite  sides  of  the  center,  move  the  and  t  of  the  tube  by 
the  two  horizontal  screws  1 1  until  the  babble  stays  centered  when  the  tube  is  swung 
out  on  either  side.  If  the  bubble  runs  toward  the  tame  end  of  its  tube  on  both  tidetf 
the  tube  is  nut  truly  cylindrical,  but  slightly  conical,*  so  that  if  the  telescope  is 
turned  in  its  Ts  the  bubble  will  leave  the  center,  even  when  the  horizontal  adjust- 
ment is  correct.  It  is  known  to  be  correct,  in  such  tubes,  if  the  bubble  runs  the  »ame 
distance  from  the  center  when  swung  out  the  same  distance  on  each  side. 

Having  madH  the  horizontal  acUustment,  turn  the  telescope  Iwck  in  its  Ts  until  the 
bubble-tube  is  over  the  bar.  Bepeat  the  vertical  adjustment  (p  308),  which  may  have 
become  deranged  in  making  this  horizontal  one.  Persevere  until  both  acUustments 
are  ftmnd  to  be  correct  at  the  same  time. 

To  malie  the  third  adjustment,  or  to  adjust  the  heights  of  the  Ts,  to 
as  to  make  the  line  of  collimation  parallel  to  the  bar  Y  F,  or  perp  to  the  vert  axis 
of  the  instrument.  The  otiier  adjustments  being  made,  fasten  down  the  clips  of  the 
Ts.  Make  the  instrument  nearly  level  by  means  of  all  four  of  the  levelling-screws 
K.  Place  tbe  telescope  over  two  of  the  levelling-screws  which  stand  diagonally; 
and  leave  it  there  undamped.  Then  bring  the  bubble  to  the  center  of  its  tube,  bv 
the  two  levelling-screws.  Swing  the  upper  part  of  the  instrument  half-way  around, 
80  that  the  telescope  shall  again  stand  over  the  same  two  screws;  but  end  for  end. 
This  done,  if  the  bubble  leaves  the  center,  bring  it  half-way  back  by  the  large  cap- 
'  ttan  nuts  to,  to;  and  the  other  half  by  the  two  levelling-screws.  Remember  that  to 
raise  the  T,  and  the  end  of  the  bubble  over  w,  w,  the  lower  w  must  be  loosened ;  and 
the  upper  one  tightened ;  and  vice  versa.  Now  place  the  telescope  over  the  other 
diagonal  pair  of  levelling-screws;  and  repeat  the  whole  operation  with  them.  Hav- 
ing completed  it,  again  try  with  the  first  pair ;  and  so  keep  on  until  the  bubble  re- 
mains at  the  center  of  its  tube,  in  every  position  of  the  telescope. 

Correct  levelling  may  be  performed  even  if  all  the  foregoing  af^Justments  are 
out  of  order;  provided  each  fore-sight  be  taken  at  preciscJy  the  same  distance  from 
the  instrument  as  the,  back-sight  is.  But  a  gooci  leveller  will  keep  his  instrument  always 
In  adjustment;  and  will  test  the  adjustments  at  least  once  a  day  when  at  work.  As 
much,  however,  depends  upon  the  rodman.  or  target-man,  as  upon  the  leveller.  A  rod- 
man  who  is  careless  about  holding  the  rod  rert,  or  about  reading  ^le  sights  oorreotly, 
should  be  discharged  without  mercy. 

•fhe  levelling-screws  in  many  instruments  become  very  hard  to  turn  if  dirty.  Clean 
with  water  and  a  tooth-brush.    Use  no  oil  on  field  Instruments. 

Forms  for  level  note-books.  When  the  distance  Is  thort,  00  as  not  to 
require  two  sets  of  books,  the  following  Is  perhaps  as  good  as  any. 

U'S'H.ll.lSSlI.Sru.I  «"•  |t-».ll8»*«-|  C»t.  I  K".  1 
But  on  public  works  generally  the  original  field-books  have  only  the  first  five  cols 
Afier  the  gradea  have  been  determined  oy  means  of  the  profile  drawn  from  these, 
rhe  results  are  placed  in  another  book,  which  has  only  the  first  col  and  the  last  four. 
In  both  cases,  the  right-hand  page  is  reserved  for  memoranda.  The  writer  considers 
it  best,  both  with  the  level  and  with  the  transit,  to  consider  the  term  "  Station  "  to 
apply  to  the  whole  dist  between  two  consecutive  stakes ;  and  that  its  number  shall 
be  that  written  on  the  last  stake.  Thus,  with  the  traociit,  Staticvn  6  means  the  dist 
from  stake  5  to  srske  6;  that  it  has  a  bearing  or  course  of  so  and  so;  and  its  length 
is  so  and  so.  And  with  the  level,  Station  6  also  means  the  dist  from  stake  5  to  stake 
6 ;  the  back-sight  for  that  dist  being  taken  at  stake  6,  and  the  ibre-sight  on  stake 
6 ;  and  that  the  level,  grade,  cut,  or  fill  is  that  at  stake  6.  The  starting-point  of  the 
surrey,  whether  a  stake,  or  any  thing  else,  we  call  and  mark  simply  0. 

*  This  defect  can  be  remedied  only  by  removing  the  tube  and  inserting  a  correctly- 
shaped  one,  and  this  is  best  done  by  an  iustrumeni -maker;  but  correct  work  can 
be  done  in  spite  of  it,  thna:  Make  all  the  adjustments  as  nearly  correct  as  possible. 
Level  the  instrument.  "By  turning  the  telescope  in  its  Ts,  make  the  vertical  hair 
cofncide  with  a  plumb-Hne  or  other  vertical  line,  and  make  a  short  continuous  knife- 
tcratch  on  the  collar  nearest  the  object-glass,  and  on  the  adjoining  T.  Lift  the  tele- 
scope out  of  its  Ts,  turn  it  end  for  end,  replace  it  in  its  Ts;  again  bring  the  upright 
hair  vertical,  and  make  on  the  other  T  a  scratch  coinciding  Mrith  that  on  the  collar. 
Then,  in  levelling  or  in  adjusting,  always  see  that  the  scratch  on  the  collar  coincides 
with  that  on  the  adjoining  T  when  the  bubble-tube  is  ui^dej  tlgt^^s^^][^ 
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Tms  very  useful  little  instrument,  as  arranged  by  Professor  Locke,  of  Cincinnati,  is 
but  about  five  or  six  inches  long.  Simply  holding  it  in  one  hand,  and  looking  through 
It  in  any  direction,  we  can  ascertain  at  once,  approximately,  what  ol^^cts  are  at  the 
same  level  with  the  eye.  E  is  the  eye  end :  and  0  the  object  end.  L  is  a  imall 
level,  enclosed  in  a  kind  of  brass  boxing  t  g,  the  bottom  of  which  is  open,  with  a  cor- 
responding opening  under  it,  through  the  top  of  the  main  tube  E  0.  Immediately 
at  the  bottom  of  the  small  level  L,  is  a  cross-wire,  stretched  across  said  opening,  and 
carried  by  a  smtUl  plate,  which,  for  adjusting  the  wire,  can  be  pushed  backward  a 
trifle  by  tightening  the  screw  f,  or  pushed  forward  by  a  small  spring  within  the  box- 
ing, near  g,  when  the  screw  t  is  loosened.  At  m  is  a  small  semicircular  mirror  a  a, 
silvered  on  the  back  m.  This  is  placed  at  an  angle  of  45°,  and  occupies  one-half  the 
width  of  the  tube  E  0.  Through  the  forementioned  openings,  the  images  of  the 
cross- wire  and  of  the  level-bubble  are  reflected  down  on  the  unsilvered  face  a  a  of 
the  mirror,  and  thence  to  the  eye,  as  shown  by  the  single  dotted  lines  c  andw;  and 
when  the  instrument  is  a4ju8ted,  and  held  level,  the  wire  will  appear  to  be  at  the 
center  of  the  bubble.  At  k  is  one-half  of  a  plano-convex  lens,  at  the  inner  end  of  a 
short  tube  k  p,  which  may  be  moved  backward  or  forward  by  a  pin  n,  projecting 
through  a  short  slit  in  the  main  tube.  By  this  means  the  image  of  the  cross-wire  is 
rendered  distinct ;  and  the  half  lens  must  be  moved  until,  when  viewing  an  object, 
the  wire  shall  show  no  parallax;  but  appear  steady  against  the  object  when  the  ej» 
is  slightly  moved  up  or  down.  At  each  end  of  the  tube  B  0  is  a  circular  piece  of 
plain  glass  for  excluding  dust. 

To  adjniftt  tlie  band-level,  first  fix  two  precisely  level  marks,  say  firom 
50  fleet  to  100  yards  apart.  This  being  done,  rest  the  instrument  against  one  of  the 
level  marks,  and  take  sight  at  the  other.  If,  then,  the  wire  does  not  appear  to  be 
precisely  at  the  center  of  the  bubble,  move  it  slightly  backward  or  forvraid,  as  the 
case  may  be,  by  the  screw  <,  until  it  does  so  appear. 
The  two  level  marks  may  be  fixed  by  means  of  the 
hand-level  itself,  even  if  it  is  entirely  out  of  adjust- 
ment, thus :  First,  by  the  pin  n  arrange  the  half  lens 
fc,  so  as  to  show  the  wire  distinctly  and  without  paral- 
lax. Then  holding  the  level  steadily,  at  any  selected 
object,  as  a,  so  that  the  wire  appears  to  cut  the  center 
of  the  bubble,  see  where  it  cuts  any  other  convenient  object,  as  b.  Then  go  to  &, 
and  f^om  it,  in  like  manner,  sight  back  toward  a.  If  the  instrument  is  in  adjust- 
ment, the  wire  will  cut  a ;  but  if  not,  it  will  strike  either  above  it  or  below  it,  as  at  c. 
In  either  case,  make  a  mark  m,  half-way  between  c  and  a.  Then  b  and  m  will  be  the 
two  level  marks  required.  With  care,  these  adjustments,  when  once  made,  will 
remain  in  order  for  years.  The  instrument  generally  has  a  small  ring  r,  for  hanging 
it  around  the  neck :  it  is  not  adapted  to  very  accurate  work,  but  admirablv  so  for 
exploring  a  route.  The  height  of  a  bare  hill  can  be  found  by  beginning  at  the  foot, 
and  sighting  ahead  at  any  little  chance  object  which  the  cross-wire  may  strike,  as  a 
pebble,  twig,  Ac ;  then  going  forward,  stand  at  that  object,  and  fix  the  wire  on 
another  one  still  farther  on,  and  so  to  the  top.  At  each  observation  we  plainly  rise 
a  height  equal  to  that  of  the  eye,  say  b\^  feet,  or  whatever  it  may  be.  Whether 
going  up  or  down  it,  if  the  hill  is  covered  with  grass,  bushes,  Ac,  a  target  rod  must 
be  used  for  the  fore-sights ;  and  the  constant  height  of  the  eye  may  be  regarded  as 
the  back-sight  at  each  station.  An  attachment  may  be  made  for  screwing  the  level 
to  a  small  ball  and  socket  on  top  of  a  cane,  or  of  a  longer  stick,  fur  occasional  lue, 
when  rather  more  accuracy  is  desired. 
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To  ndlast  a  bailder^  plirnib* 
leTel*  tod%  stand  it  upon  any  two  sup- 
ports lit  and  n,  and  mark  where  the  plumb- 
line  cuts  at  0.  Then  reverse  it,  placiag  the 
foot  t  upon  n,  and  d  upon  m,  and  mark  where 
the  line  now  cuts  at  c.  Half-way  between  o 
and  c  maKe  the  permanent  mark.  Whenever 
the  line  cuts  this,  the  feet  t  and  d  are  on  a 
level. 


To  MlJast  m  slope-instrwineiit,  or  ellnometer.  Am  nraaUy  made, 
the  bubble-tube  is  attached  to  the  movable  bar  by  a  screw  near  each  end,  aad  the 
head  of  one  of  the  screws  conceals  a  small  slot  in  the  bar,  which  allows  a  slight  vert 
motion  to  the  screw  when  loose,  and  with  It  to  that  end  of  the  tube.  Therefore,  in 
order  to  adjust  the  bubble,  this  screw  is  first  loosened  a  little,  and  then  moved  op 
•r  down  a  trifle,  aa  may  be  reqd.    It  ii  then  tightened  again. 
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l4ETEI.I.IIfO  BT  THE  BAROMETER. 

1.  Many  circiimstances  combine  to  render  the  results  of  this  kind  of  ierelling  nn- 
reliable  where  great  accuracy  is  required.  This  fswjt  was  most  conclusively  proved 
by  the  obsenrations  made  by  Captain  T.  J.  Cram,  of  the  U.  S.  Coast  Survey.  See 
Report  of  U.  S.  C.  S.,  vol.  for  1854.  It  Is  difficult  to  read  off  from  an  aneroid  (the 
kind  of  barom  generally  employed  for  engineering  purposes)  to  within  from  two  to 
five  or  six  ft,  depending  on  its  sisse.  The  moisture  or  dryness  of  the  air  affects  the 
results;  also  winds,  the  vicinity  of  mountains,  and  the  daily  atmospheric  tides, 
which  cause  incessant  and  irregular  fluctuations  in  the  barom.  A  barom  hanging 
quietly  in  a  room  will  often  vary  ^^  of  an  inch  within  a  few  hours,  corresponding 
to  a  diff  of  elevation  of  nearly  100  ft.  No  formuUr  can  possibly  b«  devised  that  shall 
emteace  these  sources  of  error.  The  variations  dependent  upon  temperature,  lati- 
tude, Ac,  are  in  some  measure  provided  for ;  so  that  with  very  ddicaU  instruments,  A 
skilful  observer  may  measure  the  diff  of  altitude  of  two  points  close  together,  imcfei 
as  uie  bottom  and  top  of  a  steeple,  with  a  tolerable  confidence  that  he  is  within  two 
or  three  feet  of  the  truth.  But  if  as  short  an  interval  as  even  a  few  hours  »Ui>aflp 
between  his  two  observations,  such  changes  may  occur  in  the  condition  of  the  atmo- 
sphere that  he  may  make  the  top  of  the  steeple  to  be  lower  than  its  bottom ;  or  at 
least,  cannot  feel  by  any  means  certain  that  he  is  not  ten  or  twenty  ft  in  error;  and 
this  may  occur  without  any  percfptible  change  in  the  atmosphere.  Whenever  pnu> 
ticable,  therefore,  there  should  be  a  person  at  each  station,  to  observe  at  both  points 
at  the  same  time.  Single  observations  at  points  many  miles  apart,  and  made  on  dif- 
ferent days,  and  in  different  states  of  the  atmosphere,  are  of«little  value.  In  such 
cases  the  mean  of  many  observations,  extending  over  several  days,  weeks,  or  months, 
and  made  when  the  air  is  apparently  undisturbed,  will  give  tolerable  approximations 
to  the  truth.  In  the  tropics  the  range  of  the  atmospheric  pros  is  much  less  than 
in  other  regions,  seldom  exceeding  )^  inch  at  any  one  spot ;  also  more  regular  in 
time,  and,  therefore,  less  productive  of  error.  Still,  the  barometer,  especially  either 
the  aneroid,  or  Bourdon's  metallic,  may  be  rendered  highly  useful  to  the  civil  engi- 
neer, in  cases  where  great  accuracy  is  not  demanded.  By  hurrying  from  point  to 
point,  and  especially  by  repeating,  he  can  form  a  judgment  as  to  which  of  two  sum- 
mits is  the  lowest.  Or  a  careful  observer,  keeping  some  miles  ahead  of  a  surveyinj; 
party,  may  materially  lessen  their  labors,  especially  in  a  rough  country,  by  select- 
ing the  general  route  for  them  in  advance.  The  accounts  of  the  agreement  within 
a  few  inches,  in  the  measurements  of  high  mountains,  by  diff  observers,  at  diff 
periods ;  and  those  of  ascertaining  accurately  the  grades  of  a  railroad,  by  means  of 
an  aneroid,  while  riding  in  a  car.  will  be  believed  by  those  OQly  who  are  ignorant 
of  the  subject.    Such  results  can  happen  only  by  chance. 

When  possible,  the  observHtions  at  different  places  phould  be  taken  at  the  same, 
time  of  day,  as  some  check  upon  the  effects  of  the  daily  atmospheric  tides ;  and  in 
very  important  cases,  a  memorandum  should  be  made  of  the  year,  month,  day,  and 
hour,  as  well  as  of  the  state  of  the  weather,  direction  of  the  wind,  latitude  of  thu 
place,  Ac,  to  be  referred  to  an  expert,  if  necessary. 

The  effects  of  latitude  are  not  included  in  any  of  our  formulas.  When 
reqd  they  may  be  found  in  the  table  page  814.  Several  other  corrections  must  be 
made  when  great  accuracy  is  aimed  at ;  out  they  require  extensive  tables. 

In  rapid  railroad  exploring,  however,  such  refinements  may  be  neglected,  inas- 
much as  no  approach  to  such  accuracy  is  to  be  expected ;  but  on  the  contrary,  errors 
oi  from  1  to  lU  or  more  feet  in  100  of  height,  will  frequently  occur. 

As  a  very  roa^^li  averai^e  we  may  assume  that  the  barometer  falls  -^ 
inch  for  every  90  feet  that  we  ascend  above  the  level  of  the  sea,  up  to  1000  ft.  But 
in  fact  its  rate  of  fall  decreases  continually  as  we  rise ;  so  that  at  one  mile  high  it 
Iklls  -^  inch  for  about  106  ft  rise.    Table  2  shows  the  true  rate. 
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T«  mmeettmAn  tUe  dUT  ^  b^irlit  beiw«eii  two  poiate. 

Rule  1.  Take  readingB  of  the  barom  and  therm  (Fah)  in  tlie  shade  at  both 
fltations.  Add  together  di«  two  readings  of  the  barom,  and  div  their  snm  by  2,  for 
their  mean ;  which  call  b.  Do  the  same  with  the  two  readings  of  the  thermom,  and 
call  the  mean  t.  Subtract  the  least  reading  of  the  barom  from  the  greatest ;  and  call 
the  diff  d.  Then  mult  together  thia  diff  d ;  the  uanber  from  the  next  Table  No.  1, 
opposite  t ;  and  the  constant  number  30.    Div  the  prod  by  h.    Or 

Height  _  Diff  (d)  of  ^  Tabular  number  opposite  ^  ru«o*«n*  Qn 
infwt  "    barom      X       mean  (Q  of  thermom      X  Constant  30. 

mean  (b)  of  barom. 
BxAMPUi.    Reading  of  the  barom  at  lower  station,  20.64  ins ;  and  at  the  upper 
6ta  20.82  ins.    Thermom  at  lowest  sta,  70°;  at  upper  sta,  4XP.    What  is  the  diff  lo 
height  of  the  two  stationat    H^^, 

Barom,  26.64  Therm,  KP 

**      20.82  *•      40O 

2)47.46  *  2)llo' 

23.78  mean  of  bar,  or  h,  h6P  mean  of 

thMrm,  or  U 
The  tabular  number  opposite  bfP^  is  917i{. 
Bar.       Bar. 
Again,  26.64  —  20.82  =  6.82,  diff  of  bar ;  or  d.    Hence, 
d,     Tab  Noi  Con. 
Height,  6.82X917.2X80        160143.12  ^  ^748.6  ft;  answer, 
in  feet  23.73  (or  h)  23.73 

Then  correct  for  latitude,  if  more  accuracy  is  reqd,  by  rule  on  next  page. 
Tbe  screw  at  the  baekof  an  aneroid  is  for  adjusting  the  index  by  a  stand- 
ard barom.  After  this  has  been  done  it  must  by  no  means  be  meddled  with.  In 
some  instruments  specially  made  to  order  with  that  intention,  this  screw  may  be 
used  also  for  turning  the  index  back,  after  having  risen  to  ui  eleratioaeo  great  that 
the  index  has  reached  the  extreme  limit  of  the  graduated  arc.  After  thus  turning 
it  back,  the  Indications  of  the  index  at  greater  heights  must  be  added  to  that  at- 
tained when  it  was  turned  back. 

TABIiE  1.    Far  Rale  1. 


Mean 

Meui 

Mean 

Mean 

of 

No. 

of 

No. 

of 

No. 

of 

No. 

Ther. 

Ther. 

Ther. 

Ther. 

flo 

801.1 

80O 

864.4 

r 

927.7 

90° 

991.0 

1 

803.2 

31 

866.5 

929.8 

91 

998.1 

t 

805.8 

83 

808.6 

62 

931.9 

92 

995.2 

8 

807.4 

33 

870.7 

63 

834.0 

93 

997.8 

4 

808.6 

34 

872.8 

64 

936.1 

94    . 

999.4 

5 

8U.7 

35 

874.9 

65 

938.2 

95 

1001.6 

« 

813.8 

86 

sn.o 

66 

940.3 

96 

1008.7 
1005.8 

7 

815.8 

37 

879.2 

67 

942.4 

97 

8 

818.0 

38 

881.3 

68 

944.5 

98 

1007.9 

f 

830.1 

88 

888.4 

68 

946.7 

99 

lOlOJ) 

10 

822.2 

40 

686.4 

70 

948.8 

100 

1012.1 

11 

824.8 

41 

887.5 

71 

950.9 

101 

1014.2 

13 

826.4 

43 

888.6 

72 

953.0 

102 

10163 

IS 

828.5 

48 

891.7 

78 

855.1 

108 

1018.4 

14 

880.« 

44 

88S.8 

74 

967.2 

.104 

1020.5 

16 

882.8 

45 

896.0 

76 

SI 

105 

1022.7 

18 

834.9 

46 

898J 

76 

106 

1024.8 

It 

8S7.0 

47 

900.3 

77 

968.6 

107 

1026.9 

18 

889.1 

48 

902.3 

78 

965.6 

106 

1029.0 

18 

841.8 

40 

904.5 

79 

967.7 

109 

1031.1 

30 

843.8 

60 

906.6 

80 

969.9 

UO 

1033.2 

Jl 

843.4 

61 

908.7 

81 

972.0 

111 

1035.3 

M 

847.6 

62 

910.8 

82 

974.1 

112 

10S7.4 

38 

8<94i 

58 

913.0 

88 

976.2 

113 

1039.6 

3i 

851.8 

64 

915.1 

84 

978.3 

114 

1041.6 

35 

863.9 

66 

917.3 

86 

980.4 

115 

1043.8 

18 

866.0 

66 

919.8 

86 

982.6 

116 

1046.9 

37 

858.1 

67 

921.4 

87 

984.7 

117 

1048.0 

38 

860.2 

68 

923.6 

88 

986.8 

118 

1060.1 

38 

882.8 

69 

926.6 

88 

988.9 

119 

1052J 

y  Google 
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LEVELLING  BY  THE  BAROMETER. 


RuLB  2.  BelTllle's  nhort  approx  rale  ia  the  one  bett  adai»ted  to  rapid 
field  use,  namely,  add  together  the  two  retidings  of  the  b&rom  only.  Also  find  the 
difT  between  said  two  readings ;  then,  as  tlie  sam  of  the  two  readluirs 
Is  to  tbelr  dllf,  so  is  55000  feet  to  the  reqd  altitude. 

€orreetion  for  latitude  is  usually  omitted  -where  great  accuracy  is  not 
required.  To  apply  it,  first  find  the  altitude  by  the  rule,  as  before.  Then  divide  it 
by  the  number  in  the  following  table  opposite  the  latitude  of  the  place.  (If  the  two 
places  are  in  dififerent  latitudes,  use  their  mean.)  Add  the  quotient  to  the  altitude 
if  the  latitude  is  less  than  45^'.  Subtract  it  if  the  latitude  is  more  than  45°.  No  cor- 
rection required  for  latitude  45°. 


Table  of  corrections 

fo;r  latitade. 

Lat. 

Lat. 

Lat. 

Lat. 

Lat. 

Lat. 

oo 

852 

14° 

899 

283 

630 

42° 

3367 

54° 

1140 

680 

490 

3 

854 

16 

416 

30 

705 

44 

10101 

56 

941 

70 

460 

4 

856 

18 

436 

82 

804 

45 

00 

58 

804 

73 

436 

6 

360 

20 

460 

84 

941 

46 

10101 

60 

705 

74 

416 

8 

867 

22 

490 

36 

1140 

48 

8367 

62 

630 

76 

899 

10 

875 

24 

627 

38 

1458 

60 

3028 

64 

572 

78 

886 

IS 

886 

28 

672    40 

2028 

52 

1458 

66 

527 

80 

876 

IjeTellingr  by  Barometer;  or  by  the  boillngr  point. 

RuLB  3.  The  following  table.  No.  2,  enables  us  to  measure  heights  either  by  means 
of  boiling  water,  or  by  the  barom.  The  third  column  shows  the  approximate  alti- 
tude above  sea-level  corresponding  to  diff  heights,  or  readings  of  the  barom ;  and  to 
the  diff  degrees  of  Fahrenlieit's  thermom,at  which  water  boils  in  the  open  air.  Thus 
when  the  barom,  under  undisturbed  conditions  of  the  atmosphere,  stands  at  24.08 
inches,  or  when  pure  rain  or  distilled  water  boils  at  the  temp  of  201°  Fah ;  the  place 
is  about  6764  ft  above  the  level  of  the  sea,  as  shown  by  the  table.  It  is  therefore 
very  easy  to  find  the  diff  of  altitude  of  two  places.  Thus :  take  out  from  table  No  2,  < 
the  altitudes  opposite  to  the  two  boiling  temperatures ;  or  to  the  two  barom  readings. 
Subtract  the  one  opposite  the  lower  reading,  from  that  opposite  the  upper  reading. 
The  rem  will  be  the  reqd  height,  as  a  rough  approximation.  To  correct  this,  add 
together  the  two  therm  readings ;  and  div  the  sum  by  2,  for  their  mean.  From  table 
for  temperature,  p  816,  take  out  the  number  opposite  this  mean.  Mult  the  ap- 
proximate height  Just  found,  by  this  tabular  number.    Then  correct  for  lat  if  reqd. 

Ex.  The  same  as  preceding ;  namely,  barom  at  lower  sta,  26.64 ;  and  at  upper  sta, 
20.82.  Thermom  at  lower  sta,  7(P  Fah ;  and  at  the  upper  one,  4iP.  What  is  the  diff 
of  height  of  the  two  stations  ? 

Alt. 

Here  the  tabular  altitudes  are,  for  20.82 9579 

and  for  26.64 3115 

6464  ft,  approx  height. 
70°  +  40^^      110° 
To  correct  this,  we  have =  — j^  =  66°  mean ;  and  in  table  p  316,  opp  to 

55°,  we  find  1.048.    Therefore  6464  X  1.048  =  6774  ft,  the  reqd  height. 

This  is  about  26  ft  more  than  by  Rule  1  ;  or  nearly  .4  of  a  ft  in  each  100  ft. 

At  70°  Fah,  pure  water  will  boil  at  1°  less  of  temp,  for  an  average  of  about  660  ft 
of  elevation  above  sea-level,  up  to  a  height  of  l^  a  mile.  At  the  height  of  1  mile,  1° 
of  boiling  temp  will  correspond  to  about  660  ft  of  elevation.  In  table  p  315  the 
mean  of  the  temps  at  the  two  stations  is  assumed  to  be  32°  Fah  ;  at  which  no  correc- 
tion for  temp  is  necessary  in  using  the  table ;  hence  the  tabular  number  opposite 
32°  in  table  p  816,  is  1. 

This  diflf  produced  in  the  temp  of  the  boiling  point,  by  change  of  elevation,  must 
not  be  confounded  with  that  of  the  atmosphere,  due  to  the  same  cause.  The  air  bo- 
comes  cooler  as  we  ascend  above  sea-level,  at  the  rate  (very  roughly)  of  about  1°  Fah 
for  every  200  ft  near  sea-level,  to  350  ft  at  the  height  of  1  mile. 

The  followinar  table.  No.  2,  (so  far  as  it  relates  to  the  barom,)  was  de- 
duced by  the  writer  from  the  standard  worli  on  the  barom  by  Lieut.-Col.  R.  S.  Wilf 
liamson,  U.  S.  army.* 

•  PablUbed  by  peraUaaion  off  QoTernment  in  1868  by  Van  Nostrand.  N.  T. 

Digitized  by  VjOOQIC 
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TABI.E  S. 
JLeYeUing  by  Barometer;  or  by  tbe  boilliiir  point. 

Awomed  temp  in  the  shade  82<'  Fah.    If  not  82°,  mult  barom  alt  as  per  Table,  p  316 


BoU 

AlUtQde 

BoU 

Altltade 

Bon 

Altitude 

Boil 

Altltnda 

point 

Barom. 

above 

point 

Barom. 

aboTO 

point 

Barom. 

aboTe 

point 

Barom. 

aboTO 

lnd«c 

MalOTtl 

l>d«c 

MalOTOl 

indeg 

eealeTel 

indet 

eea  level 

Fah. 

Int. 

Feet. 

Fah. 

Ini. 

Feet. 

Fah. 

Ins. 

FMU 

Fah. 

Ini. 

Feet. 

184° 

18.79 

15221 

.3 

19.69 

11068 

.6 

11.06 

7048 

.9 

26.69 

3164 

.1 

18.88 

15159 

.* 

19.70 

110» 

.7 

22.98 

6991 

206 

26.64 

8116 

S 

16.88 

15112 

.6 

19.74 

10976 

.8 

13.02 

6945 

.1 

2669 

8066 

J 

16.90 

16060 

.6 

19.78 

10923 

.9 

28.07 

6888 

.2 

16.75 

8007 

A 

16  98 

1500S 

.7 

19.82 

10870 

199 

28.11 

6843 

.3 

26.80 

2958 

A 

16  97 

14941 

.8 

19.87 

10804 

.1 

23.16 

6786 

.4 

26.86 

2890 

A 

17.00 

14896 

.9 

19.92 

10788 

.2 

13.21 

6729 

.5 

26.91 

2860 

.7 

1704 

14888 

193 

19.96 

10685 

.8 

28.26 

6673 

.6 

26.97 

r92 

Ji 

17.08 

14772 

.1 

S).00 

10633 

.4 

33.31 

6617 

.7 

27.02 

2748 

.f 

17.12 

14710 

.1 

10.05 

10667 

.6 

28.36 

6660 

.8 

27.08 

2686 

186 

17.18 

14649 

.3 

10.10 

10602 

.6 

23.40 

6616 

.9 

27.13 

3687 

.1 

17.10 

14688 

.4 

90.14 

10460 

.7 

28  45 

6460 

207 

27.18 

3689 

.1 

17.2S 

14548 

.5 

10.18 

10306 

.8 

28.49 

6415 

.1 

27.28 

3640 

a 

17.27 

14482 

.6 

10.22 

10846 

.9 

2854 

6869 

.2 

27.29 

2488 

A 

17.81 

14421 

.7 

20.27 

lOKl 

200 

28.59 

6804 

.8 

27.34 

3486 

4 

17.35 

14S61 

.8 

20.81 

10180 

.1 

28  64 

6248 

.4 

17.40 

3877 

A 

17.88 

14816 

.9 

20.86 

10178 

.1 

38.69 

6198 

.6 

27.45 

3839 

.1 

17.42 

14266 

198 

20.39 

10127 

.8 

28.74 

6187 

.6 

27.61 

3272 

A 

17.46 

14196 

.1 

20.43 

10076 

.4 

28.79 

6082 

.7 

27.56 

2224 

.9 

17.60 

14136 

.1 

20.48 

lOOU 

i 

13  84 

6027 

.8 

27.62 

2167 

188 

17.54 

14076 

.8 

20.53 

9047 

18.80 

5972 

.9 

27.67 

3110 

.1 

17.58 

14016 

.4 

20.17 

9806 

.7 

».94 

6917 

208 

27.78 

1068 

.2 

17.63 

18066 

.6 

20.61 

9845 

.8 

18.98 

6874 

.1 

27.78 

1016 

J 

17.68 

1S8B6 

.6 

30.66 

9794 

.9 

14UI8 

6819 

.2 

27.84 

1969 

A 

17.70 

18887 

.7 

10.69 

9748 

101 

14.06 

6764 

.8 

27.89 

1911 

A 

17.74 

18n8 

.8 

20.78 

9603 

.1 

M.18 

6710 

.4 

27.96 

1866 

A 

17.78 

18718 

.9 

10.77 

9642 

.1 

24.18 

6656 

.6 

28.00 

1800 

.T 

17.82 

18660 

194 

20.83 

9679 

.8 

24.23 

6602 

.6 

28.06 

1758 

.8 

17.86 

18601 

.1 

20.87 

9&16 

.4 

24.28 

6547 

.7 

38.11 

1706 

A 

17.96 

18642 

.3 

20.91 

M66 

.6 

24.88 

6494 

.8 

28.1T 

1660 

187 

17.98 

13498 

.8 

20.96 

9403 

.6 

14.88 

5440 

.9 

28.28 

1506 

.1 

17.97 

18440 

.4 

21.00 

9353 

.7 

24.48 

6386 

900 

28.29 

1538 

.2 

18.00 

18896 

.6 

21.06 

9291 

.8 

24.48 

6832 

.1 

28.36 

1488 

J 

18.04 

13888 

.6 

21.09 

9241 

.9 

14.68 

5179 

.2 

28.40 

1437 

.4 

18.08 

18280 

.7 

21.14 

9179 

101 

14.68 

5226 

.8 

88.46 

1891 

^ 

18.11 

18223 

.8 

21.18 

9180 

.1 

i4.a 

5172 

.4 

88.61 

1336 

.f 

18.16 

13164 

.9 

21.22 

9080 

.2 

14.68 

5119 

.6 

28.66 

1290 

.7 

18.20 

18106 

196 

21.26 

9031 

.8 

14.78 

6066 

.6 

88.61 

1286 

.8 

18.24 

18049 

.1 

21.31 

8968 

.4 

14.78 

5013 

.7 

28.67 

1180 

J» 

1&38 

12991 

.3 

21.36 

8920 

.6 

14.88 

4960 

.8 

28.73 

1134 

188 

18.81 

12984 

.8 

21.40 

8859 

.« 

14.88 

4907 

.9 

28.79 

1079 

.1 

18.86 

12877 

.4 

21.44 

8810 

.7 

24.06 

4865 

210 

28.86 

1026 

.3 

18.40 

12820 

.6 

21.40 

8749 

.8 

24.98 

4802 

.1 

28.91 

970 

J 

18.44 

12768 

.6 

21.68 

8700 

.9 

26.08 

4750 

.2 

28.97 

916 

.4 

18.48 

12706 

.7 

21.58 

8639 

208 

26.06 

4697 

.8 

19.08 

861 

.5 

18.52 

12648 

.8 

21.62 

8690 

.1 

26.18 

4645 

.4 

39.09 

800 

^ 

18.56 

12693 

.9 

21.67 

8630 

.2 

25.18 

4563 

.6 

19.15 

754 

.7 

18.60 

12636 

196 

21.71 

8481 

.3 

25.28 

4541 

.6 

29.20 

709 

.8 

18.64 

12480 

.1 

21.76 

8421 

.4 

25.28 

4489 

.7 

29.26 

664 

.9 

ia68 

19424 

.3 

21.81 

8361 

.6 

25  JS 

4437 

.8 

29.81 

610 

189 

18.72 

•  12367 

.8 

21.86 

8301 

.6 

25.88 

4.S86 

.9 

29.86 

666 

.1 

18.76 

12811 

.4 

21.90 

8253 

.7 

26.48 

4334 

211 

29.42 

611 

.1 

18.80 

11256 

.5 

21.96 

8198 

.8    • 

16.49 

4272 

.1 

29.48 

468 

Ji 

18.84 

11200 

.« 

21.99 

8146 

.9 

36.54 

4221 

.2 

28.54 

406 

.4 

18.88 

12144 

.7 

22.04 

8066 

304 

35.59 

4169 

.3 

39.60 

861 

.5 

18.92 

12069 

.8 

22.08 

8038 

.1 

25  64 

4118 

.4 

39.65 

808 

.6 

18.96 

12688 

.9 

22.U 

7979 

.1 

25.70 

4057 

.6 

29.71 

156 

.7 

19.00 

11978 

197 

22.17 

7932 

.8 

26.76 

8996 

.6 

29.77 

192 

.8 

19.04 

11933 

.1 

22.22 

7873 

.4 

25.81 

3946 

.7 

29  83 

149 

J» 

19.08 

11868 

.2 

22.27 

7814 

.6 

25.86 

8894 

.8 

29.88 

106 

190 

19.18 

11799 

.8 

22.32 

7766 

.6 

25.91 

8844 

.9 

29.94 

52 

.1 

lf.17 

11746 

.4 

22.86 

7708 

.7 

26.96 

8798 

212 

80.00 

MaleT=0 

.2 

19.21 

11660 

.5 

22.41 

7649 

.8 

26.01 

3742 

B 

elo»  eea 

level. 

Ji 

19.35 

11686 

.6 

22.45 

7602 

.9 

26.06 

8602 

a 

80.06 

—  52 

.4 

19.29 

11681 

.7 

22.50 

7544 

206 

26.11 

3642 

.2 

80.12 

—104 

.S 

19.88 

11637 

.8 

22.54 

7498 

.1 

26.17 

3582 

.3 

80.18 

—156 

.8 

19.ST 

11472 

3 

12.59 

7489 

.2 

16.21 

8682 

.4 

80.24 

—209 

.7 

IMI 

11418 

198 

12.64 

7881 

.3 

16.28 

8472 

.6 

80.80 

—261 

3 

19.46 

11864 

.1 

22.68 

?^ 

.4 

16..U 

3422 

.6 

■    80.35 

-304 

^ 

19.40 

11810 

.2 

22.74 

.5 

26.38 

3372 

.7 

80.41 

-.%6 

Ifl 

19.64 

\^ 

.3 

21.79 

7208 

.6 

26.a 

3322 

.8 

80.47 

—408 

.1 

19.68 

.4 

91.84 

7151 

.7 

26.48 

3278 

.9 

80.68 

-469 

.» 

19.61 

11186 

.6 

91.89 

7098 

.8 

26.64 

3218J 

218 

MM 

-611 

iigi 

ized  by  V^ 

lOO^ 

^l^ 

816 


SOUKP. 


Corrections  for  tempen»tare;  to  bo  used  In  connection  wltli 
Rule  8,  when  irreater  accar*ey  Is  necessary.  Also  In  con*, 
nectlon  wltii  Table  2  wben  tlie  temp  is  not  92°. 


Mean 

Mean 

Mean 

M«an 

• 

temp 

Malt 

temp 

Mult 

temp 

Mult 

temp 

Molt 

in  the 

by 

in  the 

by 

in  the 

by      An   tRe 

by 

shade. 

shade. 

shade. 

(ibade. 

Zero. 

.033 

28° 

.992 

66° 

1.060 

m° 

1.108 

2o 

.937 

30 

.996 

68 

»1.064 

86 

1.112 

4 

.942 

32 

li)00 

60 

1.068 

88 

1.117 

6 

.946 

34 

1.004 

62 

1.062 

90 

1.121 

8 

.960 

36 

1.008 

64 

1.066 

9S 

1.126 

10 

.964 

88 

im2 

66 

1.071 

94 

1.129 

12 

.968 

40 

1.016 

68 

1.075 

96 

1.133 

14 

.9'i2 

4i 

1.020 

70 

1.079 

96 

1.138 

16 

.967 

44 

1.024 

72 

1.063 

100 

1.142 

18 

.971 

46 

1.028 

74 

1.087 

loe 

1.146 

ao 

.975 

48 

1.032 

76 

1.091 

135 

1.160 

22 

.979 

60 

1.0:i6 

78 

1.096 

1.154 

24 

.     .9<3 

62 

1.041 

SO 

1.100 

106 

1.168 

as 

.987 

64 

1.046 

82 

1.104 

110 

1.168 

SOUND. 


Tke  ireloclt|r  ot  sound  in  quiet  open  air,  has  been  experimentally  deter- 
mined to  be  very  approximately  109U  feet  per  secoQd,  when  the  temperature  is  at 
freezing  point,  or  '6Z°  Vahsenheit.  For  every  degree  Fahrenheit  of  inorfase  of 
temperature,  the  velocity  iucreases  by  from  ^  foot  to  1^  feet  per  second,  according 
to  different  authorities.  Taking  the  increase  at  1  foot  per  second  for  each  degree 
(which  agrees  closely  with  theoretical  calculations),  we  have 
at  _   30°  Fahr  lOSO  feet  per  sec  --=  0.1961  mile  per  sec  —  1  mile  in  6.18  seconds. 

"""      "         "       —  0.197O    **  "      —  1    '<         6.08       « 

«       —0.1989    «  "       —  1    "         6.03        *♦ 

"       —0.2008    «  «      —  1    «         4.98        '• 

<*       —0.2027    "  «      —  1    «         4.98        « 

«       —0.2046    "  «      —  1    ♦•  4.88        •* 

**       —  0.2068    «  "       —  J    «  4.83        «* 

«*       —  0.2083    «  «      —  1    «         4.80        ** 

«•       —0.2102    "  "      —  1    «         4.78        « 

«       —0.2181    "  ««      —  1    "         4.78        «* 

**       —0.2140    «  »      —  1    "         4.68        «« 

«       —0.2169    **  <«      —  1    «         4.68        « 

«       —0.2178    «  *•      —1    «         4.69        " 

«       —  0.2197    "  «*      ^  1    M         4  55        a 

•*       —0.2216    **  »«      —  X    «         4.61        ** 

"       —0.2236    •*  "      —  1    "         4.47        « 

If  the  air  is  calm,  fog  or  rain  does  not  appreciably  affect  the  result :  but  winds  do. 
Very  loud  sounds  appear  to  travel  iiomew)iat  faster  than  low  onetf.  The  watchword 
of  sentiuuls  hasi  been  heard  across  istiil  water,  on  a  calm  night,  10}^  miles;  and  a 
cannon  20  miles.  Separate  sounds,  at  intervals  of  ^^  of  a  second,  cannot  be  distin- 
guished, but  appear  to  be  connected.  The  distances  at  which  a  speaker  can  b« 
understood,  in  front,  on  one  side,  and  behind  him.  are  about  as  4,  8,  and  1. 

Dr.  Charles  M.  Gresson  informs  the  writer  that,  1^  repeated  trialH,  he  found  that 
in  a  Philadelphia  gas  main  20  inches  diameter  and  16000  feet  long,  laid  and  covered 
in  the  tartii,  but  empty  of  gas,  and  having  one  horizontal  bend  of  90°,  and  of  40  feet 
radios,  the  sound  of  a  pistol-shot  travelled  16000  feet  in  precisely  16  seconds,  or  1000 
feet  per  second.  The  arrival  of  the  sound  was  barely  auditile ;  but  was  rendered 
very  apparent  to  the  eye  by  its  blowing  off  a  diaphragm  of  tissue-paper  placed  o^er 
the  end  of  the  main. 

Tito  boaAa  anoborcd  some  distance  apart  may  serve  as  .a  base  line  for 
triangulating  objects  along  the  coast ;  the  distance  between  them  being  first  found 
by  fli  Ing  guu«  on  board  one  of  them. 

lit  wat«r  tbe  -reloclty  is  about  4708  feet  per  second,  or  about  4  times  that 
in  air.  In  uroods,  it  is  from  lu  to  16  times ;  and  In  ntstsls,  fh>m  4  to  16  timet 
greater  tlian  in  air,  according  to  some  authorities.  r^  r^r^n]^ 
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Approximate  expisuaiQin  of  m^Udm  hy  1ie«ti  and  tlietr  melt* 
Iny  points  by  FainreMheit*s  tliermoiiieter.  | 


Ftn^briok.. 
GhuiRa . . . . 


;  from 


OlaMrod 

OlMaube 

"      crown 

■'      plate 

Pladna ^... 

Marble,  granular,  white,  drr.. 

"  "  "    mom* 

'*  *   blaok.  oompact 

▲ntimonj   

out  iron. 

SlBte 


ontempered 

tanwsred  yellow., 
hardened 


Iron,  rolled 

"    soft,  fBTged.. 

"    wire 

Btittinth 

Gold,  annealed... 

Copper 

Sends  tonef. 

Brass : 

"    wire 

Sflver 

Tin 


.  average 
.  arerage 


Pewter 

Zinc  (most  of  all  metals).. 
Wliitepine 


Vor  1  degree. 


1  part  In 


187560 
288080 
221400 

suaoo 

211500 
20»700 
206800 
173000 

12WM)0 
405000 

IH'iOOOll 

ISIJOO 
l.=S9s|0 
lft740O 
13UM 
146890 
147600 
l4S«i01» 
U74» 

I4«:il0 
I'iyfiao 
1^3110 
lUUOO 

io:;!io 

97710 
94140 

9C>iil0 
87-W 

6.ni» 

61 910 


H  inch  In 
8804  ft. 
1954 
2875 
2806 
2281 
2203 
3184 
2175 
1802 
1938 
4219 
1732 
1688 
1802 
1575 
1666 
1T44 
lS6tt 
1580 
1587 
1562 
■  1636 
1521 
1350 
1982 
1088 
1076 
1018 

981 

990 

&' 

821 
645 
4688 


Vor  180  d^preee.* 


1  part  la 

H  iQob  In 

.  2029 

21. It  ft. 

1042 

lU.Si 

12G7 

13.20 

1230 

12.81 

1190 

12.40 

1175 

12.24 

lies 

12.18 

1160 

12.08 

961 

10.00 

711 

7.41 

2250 

23.44 

925 

9.68 

900 

9.38 

961 

10.00 

840 

8.75 

888 

9.25 

930 

9.69 

780 

7.60 

816 

8.60 

820 

8.54 

883 

8. 68 

81A 

8.53 

81B 

8  55 

720 

7.50 

684 

7.12  " 

680 

tl.04 

574 

r.-98 

543 

6.66 

523 

6.45 

528 

6,50 

488 

6.08 

861 

a.66 

488 

4.66 

344 

8.56 

2U7 

26.4» 

VeltlDC 

point 

taD«t4 


866 

192010 


2870 1» 
2560 


8000  te 
8600 


506 
2016 


1878 

1861 
444 
612 

ttOtoTTS 


■eat «r» eeMMea  weea-flne,  TdrloaslyeBaMled froa  80»to  llMdag.  Thalef a«h«ree«l 

eae  about  2200^ :  eoal  about  2400<3. 

Eaelt  12P  to  ia°  of  Heat  produce  in  wrot  iron  an  expansion  equal  to 
-that  prodnoed  by  a  tension  of  about  1  ton  per  sq  inch  of  seotioa ;  rarying  with  the  quality  of  the  iron. 


•  Bj  adding  -Xr  part  to  the  lengths  In  the  two  ools  vnder  180^,  we  get  the  leagtlm  eenrespondlng  te 
a  number  of  degrees  -^  less  than  180O;  or  to  168°.6S  deg)  which  may  be  taken  as  about  the  extfetites 
of  temp  in  the  eelder  portions  of  the  United  States.  In  the  Middle  States  the  extremes  rarely  reaok 
lao,  or  H  part  less  than  180O. 

No  depeadettoe  whaterer  is  to  be  placed  on  results  obtained  by  Wedgewood's  pyrometer. 

t  The  table  shows  that  the  contraction  and  expansion  of  stone  will  cause 
open  joints  in  winter ;  and  crushing  of  the  mortar  in  summer,  at  the  ends  of  long  ooping-stooes. 

X  Tbe  meltings  points  are  quite  uncertain.    We  giye  the  mean  of 

tie  bent  authorities.    Assuming  that  with  a  change  of  temp  of  about  ItSlP,  wrought  iron  will  alter  iw 


lengtb  1  part  in  916 ;  this  in  a  mile  amounts  to  5.764  ft,  or  about  5  ft  9^  ins ;  and  in  100  ft  to  .109  of  a 
fbot;  or  IK  Ins ;  so  that  a  ditf  of  5  ft,  or  more,  can  readily  result  fh>m  measuring  a  mile  in  w' 
and  in  summer  with  the  same  chain ;  and  a^85  ft  rail  will  change  its  length  fhll  Hat  an  inch. 

li  Henoe  wrOIU^t  expands  by  heat  about  one  elerenth  part  mcvethM&qast;  wh( 
under  tension  wlthla  elastic  lUnlte  oast  siretohes  twice  as  mueh  as  wrt.       Vj O Ow  i i: 
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THEBICOHBTEB8. 


THEBMOMETEBS. 


M*w  aboat  S50  below  zero  of  Fah,  the  mercurial  thermometer  and  barometer  become  too  IrrecuUr  H 
be  depended  00.  Mero«i7besliiatofir«eMatabout~4aoFab.  Below— 40°  pure  aloobells  need. 


—10°  Cent.     Again,  —13°  Fab  =  (—13  —32)  X  5  -rtf  =  —45  X  StBs  — 46°  Oent. 

T»  cbangre  Fah  to  Reau ;  take  a  Fah  leading  32®  lower  than  the  riven 

one;  mult  this  lower  readlDg  by  4;  div  the  prod  by  9.     Thus:  4-I40  Fah =(14— JIS)  V  4^9=^18  V 

4-r9  =  -8^R^»u.     AgaiD,-13OFah  =  (-13-32)X4-r»  =  -i6X4-f»=:-a0OB^oV''         "^ 

To  change  Cent  to  Fah  5  mult  the  Ceut  reading  by  »;  divide  by  6.  Takea 

Fah  readtiig  32°  ftic^fter  than  the  quot.    Thus:  +10°  CeQts=(IOX9^6>+82  =  18-l-8a=4>fiOOFah 
Again, -20^  Cent  =(-20X9-!- 5) +32  =  -40  Fah.  -^  /"T"  T"-     Tov- rma. 

To  change  Cent  to  U^au;  mult  by  4;  dlv  by  6.    Thus:  -t- 10°  Cent  =»10y 

4-ro  =  +8o  Reau.  AgaiD^ -100  Cent  =  -10  X4T6  =  -8<iR^au.  ^ 

To  change  Reau  to  Fah ;  mnlt  by  9 ;  div  by  4.    Take  a  Fah  readlnir  82«> 

t%V'^"8'4J  =°-H4°"F^h^*  X9-r4J  +82=36  +32  =  +680  Fah.    Afain.  -S©  E4an  =  (-e  X  »♦ 

To  change  Reau  to  Cent;  mult  by  5 ;  div  by  4.    Thus :  +8°  B&tn  —  +  8® 

X6t-4= +10°  Cent.  Again, -8° Beau  =  -8X5 +  4=1.100  Cent.  ^ 

TABI^E  1.  Fahrenheit  compared  with  Centigrade  and  Reau- 
mur.   In  this  table  the  Cent  and  K6au  readings  are  given  to  the  nearest  decimal. 


F. 

C. 

R. 

F. 

c. 

R. 

F. 

c- 

R. 

F. 

c. 

R. 

F. 

c. 

R. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

312 

100 

80.0 

158 

TO.O 

66.0 

104 

400 

32.0 

60 

10.0 

8,0 

—8 

—19.4 

—15.8 

211 

99.4 

79.6 

157 

69.4 

55.6 

103 

89.4 

31.6 

49 

9.4 

7.6 

—4 

—20.0 

—16,0 

210 

98.9 

79.1 

156 

68.9 

65.1 

102 

38.9 

81.1 

48 

8.9 

7.1 

—5 

—20.6 

—16.4 

209 

98.3 

78.7 

155 

68.3 

64.7 

101 

38  3 

30.7 

47 

8.3 

6.7 

—6 

—21.1 

—16.9 

208 

97.8 

78.2 

154 

67.8 

64.3 

100 

37.8 

30.2 

46 

7.8 

6.2 

—7 

—21.7 

—17.8 

207 

97.2 

77.8 

153 

67.2 

63.8 

99 

37.2 

29.8 

45 

7.2 

5.6 

-6 

—22.2 

— 17!8 

206 

96.7 

77.3 

152 

66.7 

63.3 

98 

36.7 

29.3 

44 

6.7 

6.S 

—9 

—22.8 

—18.2 

205 

96.1 

76.9 

151 

66.1 

62.9 

97 

36.1 

28.9 

43 

6.1 

4.9 

—10 

—23.3 

—18.7 

204 

95.6 

76.4 

150 

65.6 

62.4 

96 

85.6 

28.4 

42 

6.6 

4.4 

—11 

—23.9 

—19.1 

203 

95.0 

76.0 

149 

65.0 

62.0 

95 

85.0 

28.0 

41 

6.0 

4.0 

—12 

—24.4 

—19.6 

202 

94.4 

75.6 

148 

64.4 

61.6 

94 

84.4 

27.6 

40 

4.4 

8.6 

—13 

—25.0 

—20.0 

201 

93.9 

75.1 

147 

63.9 

51.1 

93 

83.9 

27.1 

39 

S.9 

8.1 

—14 

—25.6 

—20.4 

200 

93.3 

74.7 

146 

63,3 

50.7 

92 

83.3 

26.7 

88 

8.8 

S.7 

—15 

—26.1 

—20.9 

199 

92.8 

74.2 

145 

62.8 

50.2 

91 

32.8 

26.2 

87 

2.8 

2.2 

—16 

—26.7 

—21.8 

198 

92.2 

73.8 

144 

62.2 

49.8 

90 

32.2 

25.8 

86 

a.^e 

1.8 

—17 

-27.2 

—21.8 

197 

91.7 

73.3 

143 

61.7 

49.3 

89 

31.7 

25.3 

85 

1.7 

1.3 

—18 

—37.8 

—22.2 

196 

91.1 

72.9 

142 

61.1 

48.9 

88 

31.1 

24.9 

84 

1.1 

0.9 

—19 

—28.3 

—22.7 

193 

90.6 

72.4 

141 

60.6 

48.4 

87 

30.6 

24.4 

83 

0.6 

0.4 

—20 

—28.9 

—23.1 

194 

90.0 

72.0 

140 

60.0 

48.0 

86 

80.0 

24.0 

82 

0.0 

0.0 

—21 

—29.4 

-23.6 

1»3 

89.4 

71.6 

139 

69.4 

47.6 

85 

29.4 

23.6 

81 

—0.6 

—0.4 

—22 

—30.0 

—24.0 

192 

88.9 

71.1 

138 

68.9 

47.1 

84 

28.9 

23.1 

80 

—1.1 

—0.9 

—28 

—30.6 

—24.4 

101 

88.3 

70.7 

137 

58.3 

46.7 

83 

28.8 

22.7 

29 

—1.7 

—1.8 

—24 

—81.1 

—24.9 

190 

87.8 

70.2 

136 

57.8 

46.2 

83 

27.8 

22.2 

28 

—2.2 

—1.8 

—25 

—31.7 

-26.8 

189 

87.2 

69.8 

135 

67.2 

45.8 

81 

27.3 

21.8 

27 

—2.8 

—2.2 

—26 

—32.2 

—25.8 

188 

86.7 

69.3 

134 

66.7 

45.3 

80 

26.7 

21.3 

26 

—8.8 

—2.7 

—27 

—32.8 

—26.2 

187 

86.1 

68.9 

133 

66.1 

44.9 

79 

26.1 

20.9 

25 

—3.9 

-3.1 

—28 

—33.3 

—26.7 

186 

85.6 

68. 4 

132 

65.6 

44.4 

78 

25.6 

20.4 

24 

—4.4 

-8.6 

-29 

-^3.9 

—27.1 

185 

85.0 

68.0 

131 

65.0 

44.0 

77 

25.0 

20.0 

23 

-6.0 

—4.0 

—30 

—34.4 

—27,6 

184 

^t.4 

67.6 

130 

64.4 

43.8 

76 

24.4 

19.8 

22 

-6.6 

—4.4 

—31 

—85.0 

—28.0 

I8;i 

83,9 

67.1 

129 

53.9 

43.1 

75 

23.9 

19.1 

21 

-6.1 

—4.9 

-82 

—35.6 

—26.4 

182 

83.3 

66.7 

128 

63.3 

42.7 

74 

23.8 

18.7 

20 

-6.7 

-6.3 

—33 

—36.1 

—28.9 

181 

82.8 

66.2 

127 

52.8 

42.2 

73 

22.8 

18.2 

19 

—7.2 

—6.8 

—34 

—36.7 

—29.9 

180 

82.2 

65.8 

126 

62.2 

41.8 

72 

23.2 

17.8 

18 

— T.8 

-6.2 

—35 

—37.2 

— 29.S 

179 

81.7 

65.3 

125 

51.7 

41.3 

71 

21.7 

17.8 

17 

—8.3 

-6.7 

-36 

-37.8 

—30.2 

178 

81.1 

64.9 

124 

61.1 

40.9 

70 

21.1 

16.9 

16 

—8.9 

-7.1 

-37 

—38.3 

-30.7 

177 

80.6 

64.4 

123 

60.6 

40.4 

69 

20.6 

16.4 

15 

-9.4 

-7.6 

-38 

-^8.9 

—81.1 

176 

80.0 

64.0 

122 

50.0 

40.0 

68 

20.0 

16.0 

14 

—100 

—8.0 

—39 

—39.4 

—81,6 

175 

79.4 

63.6 

121 

49.4 

89.6 

67 

19.4 

15,6 

13 

-10.6 

—8.4 

—40 

—40.0 

—32.0 

174 

78.9 

63.1 

120 

4«.9 

39.1 

66 

18.9 

15.1 

12 

—11.1 

—8.9 

—41 

—40. 6 

—32.4 

173 

T8.3 

62.7 

119 

48.3 

S8.T 

65 

18.3 

14.7 

11 

— U.7 

—9.3 

—42 

—41.1 

—32.9 

172 

77.8 

62.2 

118 

47.8 

88.2 

64 

17.8 

14.2 

10 

—12.2 

—9.8 

-43 

—41.7 

— S8,8 

171 

77.2 

61.8 

117 

47.2 

37.8 

63 

17.2 

13.8 

9 

—12.8 1—10.2 

—44 

—42.2 

-83,8 

170 

76.7 

61.3 

116 

46.7 

37.3 

62 

16.7 

13.8 

8 

—13.3  —10.7 

—46 

—42,8 

—84.2 

169 

76.1 

60.9 

115 

46.1 

36.9 

61 

16.1 

12.9 

7 

—13.9  —11.1 

-46 

-43.3 

—34.7 

168 

75.6 

60.4 

114 

45,6 

36.4 

60 

15.6 

12.4 

6 

-14.4  -11.6 

—47 

—48.9 

-35.1 

167 

75.0 

60.0 

113 

45.0 

36.0 

69 

15.0 

12.0 

5 

-15.0  -12.0 

-48 

—44.4 

—85.6 

166 

74.4 

59.6 

112 

44.4 

35.6 

58 

14.4 

11.6 

4 

-15.61—12.4 
-16.1  —12.9 

—49 

—45.0 

—36.0 

166 

739 

59.1 

111 

48.9 

35.1 

57 

13.9 

11.1 

8 

—50 

—46.6 

—36.4 

164 

73.3 

58.7 

110 

43.3 

34.7 

56 

13,3 

10.7 

2 

—16.7'— 13.3 

—61 

—46.1 

-36.9 

163 

72.8 

58.2 

109 

42,8 

34.2 

65 

12.8 

10.2 

1 

-17.2-13.8 

—62 

—46.7 

—87,1 

162 

72.2 

67.8 

108 

42.2 

33  8 

54 

12,2 

9.8 

0 

—17.8—14.2 

—53 

—47.2 

-87,8 

161 

71.7 

67.3 

107 

41.7 

33,3 

53 

11.7 

9.3 

-1 

—18.3  ,—14.7 

-54 

—47.8 

—38.1 

^0 

71.1 

56.9 

106 

41.1 

32.9 

62 

ll.l 

8.9 

—2 

-18.9-lfcl 

)igitized|by  Vj 

-fifi 

^48,  S 

— U.1 

» 

70.6 

66.4 

105 

40.6 

82.4 

51 

10.6 

8.4 
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TABLE  2.    Centigrade  compared  with  Fahrenheit 
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ExML 
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EXMt. 

EXMt. 

Kuet. 

Exaet. 

Exaeb 

100 

212.0 

80.0 

62 

143.6 

49.6 

34 

75.2 

19.3 

-14 

6.8 

-11.3 

99 

210.2 

79.2 

61 

141.8 

48.8 

23 

73.4 

18.4 

-15 

5.0 

—12.0 

98 

S08.4 

78.4 

60 

140.0 

48.0 

22 

71.6 

17.6 

—16 

3.3 

-12.8 

97 

Mfi.S 

77.6 

50 

138.2 

47.2 

21 

09.8 

16.8 

—17 

1.4 

-4!S.6 

96 

20*.  8 

76.8 

58 

136.4 

46.4 

20 

68.0 

16.0 

—18 

-0.4 

-14.4 

95 

203.0 

76.0 

57 

134.6 

45.6 

19 

66.2 

15.2 

—19 

—2.2 

-16.2 

94 

201.2 

75.2 

56 

1.12.8 

U.S 

18 

64.4 

14.4 

-30 

—4.0 

-16.0 

98 

199.4 

74.4 

55 

131.0 

44.0 

17 

62.6 

18.6 

—31 

—6.8 

-16.8 

92 

197.6 

73.6 

54 

129.3 

48.2 

16 

60.8 

12.8 

—33 

-7.6 

-17.6 

91 

195.8 

72.8 

53 

127.4 

42.4 

15 

69.0 

12.0 

-28 

-9.4 

-18.4 

90 

194.0 

72.0 

52 

126.6 

41.6 

14 

67.2 

11.2 

-24 

-11.2 

-19.2 

89 

193.2 

71.2 

61 

128.8 

40.8 

18 

66.4 

10.4 

-25 

-13.0 

—30.0 

88 

190.4 

70.4 

50 

122.0 

40.0 

12 

58.6 

9.6 

-26 

-14.8 

-20.8 

67 

188.6 

60.6 

49 

120.2 

39.2 

11 

61.8 

6.8 

-27 

-16.6 

—21.6 

86 

186.8 

68.8 

48 

118.4 

38.4 

10 

60.0 

8.0 

-38 

-18.4 

—22.4 

85 

185.0 

68.0 

47 

116.6 

87.6 

9 

48.3 

T.3 

—29 

-30.3 

—28.3 

84 

iej.2 

67.2 

46 

114.8 

86.8 

8 

46.4 

6.4 

-80 

—22.0 

—34.0 

83 

181.4 

66.4 

45 

113.0 

86.0 

7 

44.6 

5.6 

—81 

—23.8 

—24.8 

83 

179.6 

65.6 

44 

111.2 

35.2 

6 

42.8 

4.8 

-32 

—26.6 

-28.6 

81 

1T7.8 

64.8 

43 

109.4 

84.4 

5 

41.0 

4.0 

-33 

—27.4 

-26.4 

80 

176.0 

M.O 

43 

107.6 

33.6 

4 

89.3 

8.3 

-64 

—39.3 

—27.2 

79 

174.2 

63.2 

41 

105.8 

82.8 

3 

87.4 

3.4 

-36 

-31.0 

-28.6 

78 

172.4 

62.4 

40 

104.0 

82.0 

3 

85.6 

1.6 

—36 

-32.8 

-28.8 

77 

170.6 

61.6 

39 

102.2 

31.2 

38.8 

0.8 

—87 

-34.6 

-29.6 

76 

168.8 

60.8 

38 

100.4 

30.4 

0 

82.0 

0.0 

—38 

-36.4 

-80.4 

75 

lfi7.0 

60.0 

37 

96.6 

29.6 

30.2 

-^.8 

—89 

-68.2 

-81.3 

74 

165.2 

59.2 

86 

96.8 

28.8 

—3 

26.4 

-1.6 

-40 

-40.0 

-33.0 

73 

16.1.4 

58.4 

35 

95.0 

28.0 

-3 

26.6 

—3.4 

-41 

-41.8 

-82.8 

72 

161.6 

57.6 

84 

93.2 

27.2 

—4 

24.6 

-8.2 

-42 

-43.6 

-33.6 

71 

159.8 

56.8 

83 

91.4 

26.4 

-6 

28.0 

-4.0 

-43 

—45.4 

-64.4 

70 

158.0 

56.0 

32 

89.6 

25.6 

>6 

21.3 

-4.6 

-44 

—47.2 

—35.3 

69 

156.2 

55.2 

81 

87.8 

24.8 

—7 

19.4 

-6.6 

-46 

—49.0 

—36.0 

68 

154.4 

54.4 

SO 

86.0 

24.0 

—8 

17.6 

-6.4 

-46 

—60.8 

-36.8 

67 

152.6 

53.6 

29 

84.2 

28.2 

-9 

15.8 

—7.3 

—47 

-62.6 

-37.6 

66 

150.8 

528 

28 

82.4 

22.4 

-10 

14.0 

—8.0 

—48 

-64.4 

-88.4 

66 

H9.0 

52.0 

27 

80.6 

21.6 

—11 

12.3 

-8.8 

-49 

-66.3 

-69.3 

64 

H7.2 

51.2 

26 

78.8 

20.8 

—13 

10.4 

-9.6 

-«0 

-^.0 

— 40.f 

63 

145.4 

60.4 

25 

77.0 

30.0 

-M 

8.6 

-10.4 
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49 

142.25 

61.25 

19 

74.76 

38.75 
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7.26 

—18.75 

79 

20s.  75 

98.75 

48 

i4aoo 

60.00 

18 

72.50 

23.50 

•—13 

5.00 

—15.00 

78 

307.50 

97.50 

47 

187.75 

58.75 

17 

70.25 

31.25 

—13 

3.75 

-16.25 

77 

305.25 

96.25 

46 

135  60 

57.50 

16 

68.00 

20.00 

0.60 

—17.60 

76 

208.06 

95.00 

46 

138.26 

66.25 

15 

65.75 

18.75 

—15 

-1.75 

-18.75 

75 

200.75 

98.75 

44 

181.00 

66.00 

14 

68.60 

17.60 

—16 

-4.00 

-30.06 

74 

198.50 

92.50 

43 

128.75 

53.75 

13 

61.25 

16.25 

-17 

—6.25 

-81.25 

73 

196.25 

91.25 

42 

126.50 

52.50 

12 

59.00 

15.00 

—18 

—8.50 

—22.80 

72 

194.00 

90.00 

41 

134.25 

51.25 

11 

66.75 

18.75 

—19 

—10.75 

-28.75 

71 

191.75 

88.75 

40 

122.00 

50.00 

10 

64.50 

13.50 

—30 

—18.00 

—25.00 

70 

189.50 

87.50 

39 

119.75 

48.75 

9 

62.26 

11.25 

—31 

—15.28 

-26.26 

60 

187.25 

86.25 

38 

117.50 

47.50 

8 

60.00 

10.00 

—22 

-17.50 

-27.50 

68 

185.00 

85.00 

37 

115.25 

46.25 

7 

47.75 

8.75 

—28 

—19.75 

-28.75 

67 

182.75 

88.75 

36 

118.00 

45.00 

6 

45.50 

7.60 

—24 

—22.00 

-80.00 

66 

180.50 

82.60 

85 

110.75 

43.75 

5 

43.26 

6.25 

—26 

-34.25 

-81.25 

65 

178.25 

81.25 

84 

108.60 

42.50 

4 

41.00 

5.00 

—26 

-36.50 

-82.66 

64 

176.00 

80.00 

33 

106.25 

41.25 

8 

88.75 

8.75 

-27 

—88.75 

-33.75 

63 

178.75 

78.75 

82 

104.00 

40.00 

2 

36.60 

3.50 

-28 

-81.00 

-65.00 

62 

maw 

77.60 

31 

101.75 

88.75 

1 

34.25 

1.25 

-29 

-38.25 

-86.25 

61 

169.25 

76.25 

30 

99.50 

8750 

0 

82.00 

0.00 

-60 

-35.50 

-37.60 

60 

167.00 

75.00 

29 

97.25 

36.25 

-1 

29.75 

-1.35 

-81 

—87.75 

-38.75 

59 

164.75 

78.75 

38 

96.00 

85.00 

-3 

27.50 

-3.60 

-82 

—40.00 

-40.00 

58 

163Ji0 

7^50 

37 

93.75 

88  75 

-6 

35.35 

-8.76 

-83 

—42.25 

-41.25 

57 

160.35 

71.25 

26 

90.60 

82  50 

—4 

28.00 

-5.00. 
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—44.50 

-42.60 

56 

158.00 
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25 

88.25 

81.25 

-5 

20.75 

-6.25 
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-46.75 

-43.75 

65 

155.75 

68.75 

94 

86.00 

80.00 

-6 

18.50 

-7.80 

-66 

—49.00 

-45.00 

64 

153.50 

67.60 

38 

83.75 

28.75 

—7 

16.26 

-8.75 

-87 

— 51.25 

-46.25 

53 

151.25 

66.25 

22 

81.60 

27.50 

-8 

14.00 

-10.00 

-88 

—58.80 

-47.60 

52 

149.00 

65.00 

21 

79.25 

26.25 

-9 

11.75 

-11.25 

-39 

—65.78 

-48.76 

51 

146.75 

68.75 

20 

77.00 

25.00 

-10 

9.50 

-12.50 

-40 

-58.00 

60 

144.60 
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AIR.-ATMOSPHERE. 

The  atmospliere  Is  known  to  extend  to  at  least  45  miles 

aboye  the  earth.  It  is  a  mixture  of  about  79  measures  of  nitrogen  gas  and  21 
of  oxygen  gas ;  or  about  77  nitrogen,  23  oxygen,  by  weight.  It  generally  con- 
tains, however,  a  trace  of  water,  and  of  carbonic  acid  and  carburetted  hydrogen 
gases,  and  still  less  ammonia. 

Density  of  air.  Under  *'  normal "  or  "  standard  "  conditions  (sea  level, 
lat45°,  barometer  760  mm  =»  29.922  ins,  temperature  0OC=»32°F)  dry  air 
Welgrhs  1.292673  kilograms  per  cubic  meter  *  =  2.17888  B>s  avoir  per  cubic  yard. 
For  other  lats  and  elevations — 

Density,  in  kg  per  cu  m,  =.  1.292673  X   ^\j^  X  (1  —  0:002887  cos  2  lat)  • 

where  R=b earth's  mean  radius  =  6,366,198  meters;  h  mm  elevation  above  sea 
level,  in  meters.    For  other  temperatures,  see  below. 

Under  normal  conditions,  but  with  0.04  parU  carbonic  a<dd  (G  Og)  in  100  part» 
of  air,  density  =  1.293052  kg  per  cu  m.f  =-  2.17952  lbs  avoir  per  cu  yd. J 

The  atmospheric  pressure,  at  any  given  place,  may  vary  2  inches  or 
more  from  day  to  day.  The  aveniffe  pressure,  at  sea  level  ^  varies  from 
about  745  to  770  millimeters  of  mercury  according  to  the  latitude  and  locality. 
760  millimeters*  is  generally  accepted  as  the  mean  atmospheric  pressure,  and 
called  an  atmosphere.  The  *^  metric  atmosphere,"  taken  arbitrarily 
at  1  kilogram  per  square  centimeter,  ig  in  general  use  in  Continental  Europe. 
The  pressure  diminishes  as  the  altitude  increases.f  Therefore,  a  pump  in  a  high 
region  will  not  lift  water  to  as  great  a  height  as  in  a  low  one.  The  pressure  of 
air,  like  that  of  water,  is,  at  any  given  point,  equal  in  all  directions. 

It  is  often  stated  that  the  temperature  oi  the  atmosphere  lowers  at^ 
the  rate  of  1^  Fah  for  each  300  feet  of  ascent  above  the  earth's  surfbCe  t 
but  this  is  liable  to  many  exceptions,  and  varies  much  with  local  causes.  Actual 
observation  in  balloons  seems  to  show  that,  up  to  the  first  1000  feet,  1^^  in  about 
20U  feet  is  nearer  the  truth ;  at  2000  feet,  1°  in  250  feet ;  at  4000  feet,  1^  in  800  feet ; 
and,  at  a  mile,  1°  in  350  feet. 

In  breathing*,  a  grown  person  at  rest  requires  firom  0.25  to  0.35  of  a  cubic 
foot  of  air  per  minute :  which,  when  breathed,  vitiates  from  8.6  to  5  cubic  feet. 
When  walking,  or  hard  at  work,  he  breathes  and  vitiates  two  or  three  times  as 
much.  About  5  cubic  feet  of  fresh  air  per  person  per  minute  are  required  for  the 
perfect  ventilation  of  rooms  in  winter ;  8  in  summer.    Hospitals  40  to  80. 

Beiwalii  the  general  level  of  the  snrftoe  of  the  earth,  in  temperate 
regions,  a  tolerably  uniform  temperature  of  about  60°  to  60°  Fah  exists  at 
the  depth  of  about  60  to  60  feet ;  and  increases  about  1°  for  each  additional  50  to 
60  fbet ;  all  subject,  however,  to  considerable  deviations  owing  *to  many  local 
causes.  In  the  Rose  Bridge  Colliery,  England,  at  the  depth  of  2424  feet,  the 
temperature  of  the  coal  is  93.6°  Fah ;  and  at  the  bottom  of  a  boring  4169  feet 
deep,  near  Berlin,  the  temperature  is  119°. 

The  air  is  a  very  slow  conductor  of  heat}  hence  hollow  walla 
serve  to  retain  the  heat  in  dwellings ;  besides  keeping  them  dry.  It  rushes 
into  a  vacuum  near  sea  level  with  a  velocity  of  about  1167  feet  per  second ; 
or  13.3  miles  per  minute ;  or  about  as  fast  as  sound  ordinarily  travels  through 
quiet  air.    See  Sound. 


liilce  all  other  eliMtic  fluids,  air  expands  euually  with 
»qnal  increases  of  temperature.  Every  increase  of  5°  Fah,  expands 
the  bulk  of  any  of  them  slightly  more  than  1  per  cent  of  that  which  it  has  at  0° 


Fah ;  or  600°  about  doubles  its  bulk  at  zero.    The  bulk  of  anv  of  them  diminishes 
inversely  in  proportion  to  the  total  pressure  to  which  it  is  subjected. 

This  holds  good  with  air  at  least  up  to  pressures  of  about  750  lbs  per  square 
inch,  or  50  times  its  natural  pressure ;  the  air  in  this  ca.se  occupying  one-fiftieth 
of  its  natural  bulk.  In  like  manner  the  bulk  will  increase  as  the  total  pressure 
is  diminished.    Substances  which  follow  these  laws,  are  said  to  be  perfectly 

*  H.  V.  Regnault,  M^moires  de  T Acadfiraie  Royale  des  Sciences  de  Plnstitut  de 
France,  Tome  XXI,  1847.  Translation  in  abstract,  Journal  of  Franklin  Insti- 
tute, Fhila.,  June.  1848. 

t  Travaux  et  Memoires  du  Bureau  International  desPoidset  Mesures,  Tomel, 

K age  A  54.    Smithsonian  Meteorolofirical  Tables,  1898,  pubUshed  in  Smlthsonisa 
tiscellaneous  Collections,  Vol.  XXXV,  1897. 
ISee  Conversion  Tables. 
i  See  Leveling  by  the  Barometer.  ^  , 
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elastic.  Under  a  pressu  re  of  aboat  S^  tooB  per  equare  inch ,  air  wonid  become 
aa  dense  as  water.  Since  the  air  at  the  surface  of  the  earth  is  pressed  1^  R>s  per 
square  inch  by  the  atmosphere  above  it,  and  since  this  is  equal  to  the  weight  of  a 
column  of  water  1  inch  square  and  84  feet  high,  it  follows  that  at  the  depths  of 
84,  68, 102  feet,  dc,  below  water,  air  will  be  compressed  into  >^,  %,  3^,  Ac, 
of  its  bulk  at  the  surface. 

In  a  diTinip-bell,  men,  after  some  experience,  can  readilj  work  for  several 
hours  at  a  depth  of  51  feet,  or  under  a  pressure  of  2^  atmospheres ;  or  87^  lbs 
per  square  inch.  But  at  90  feet  deep,  or  under  8.64  atmospheres,  or  nearly  65 
lbs  per  square  inch,  they  can  work  for  but  about  an  hour,  without  serious  suffer- 
ing from  paralvsis,  or  even  danger  of  death.  Still,  at  the  St  Louis  bridge,  work 
was  done  at  a  depth  of  1103>^  feet ;  pressure  63.7  lbs  per  square  inch. 

Tlie  dew  point  is  that  temp  (varying)  at  which  the  air  deposits  its  vapor. 

Tlie  greatest  lieat  of  tlie  air  in  tiie  sun  probably  never  exeeeds 
145°  Fah ;  nor  the  greatest  cold  —  74°  at  uiglit.  About  12(P  above,  and  40°  below 
zero,  are  the  extremes  in  the  U.  8.  east  of  the  Mississippi ;  and  65°  below  in  the 
N.  W. ;  all  at  common  ground  level.  It  is  stated,  however,  that  — 81°  has  »»een 
observed  in  N.  E.  Siberia;  and  +101°  Fah  in  the  shade  In  Paris;  and  +153°  in 
the  sun  at  Greenwich  Observatory,  both  in  Julv,  1881.  It  has  freqaestly  ex- 
ceeded +100°  Fah  in  the  shade  in  rhiladelphia  during  recent  years. 


WIND. 

The  relation  between  the  Teloelty  of  wind,  and  its  pr 

nre  sgalnst  an  obstacle  placed  either  at  right  angles  to  its  course,  or  incliDed 
to  it,  has  not  been  weH  determined ;  and  stiil  less  so  its  pressure  against  curved 
surfaces.  The  pressure  against  a  lai^ge  burface  is  probably  proportionally  greater 
than  against  a  small  one.  It  is  generally  supposed  to  varv  nearly  as  the  squares 
of  the  velocities;  and  when  the  obstacle  is  at  right  angles  to  its  direction,  the 
pressure  in  fcs  per  square  foot  of  exposed  surface  is  considered  to  be  equal  to 
the  square  of  the  velocity  in  miles  per  hour,  divided  by  200.  On  this  basis, 
which  is  probably  quite  defective,  the  following  table,  as  given  by  Smeaton,  is 
prepared. 


Vel.  in  Mllea 

Vel.  in  Ft. 

Praa-tnLbs. 

Bemarks. 

per  Hour. 

per  Sec. 

per  Sq.  Ft. 

1.467 

.005 

Hardly  p^roeptible.                        , 
PleMant.                        H^-^O 

3.98S 

.020 

4.400 

.045 

^ 

5.867 

.080 

7.SS 

.125 

TVkr'zjn^ 

10 

14.67 

.5 

viyi 

18.33 

.781 

Preshbreeie.                         O 

15 

22. 

1.125 

M 

29.33 

2. 

The  prM  uaioat 

25 

88.67 

3.125 

Brisk  wind.                a    nemioyliDdrical 

30 

44. 

4.5 

SiroQgwind.              sarfio*  achnom 

40 

5<J.67 

8. 

High  wind.                 is  about  half  tQat 

50 

13.38 

12.5 

Storm.                         againat     the     flat 

SO 

88. 

18. 

Violent  storm.           surf  a  ft  i»  m. 

80 

117.8 

32. 

Hurricane. 

100 

146.7 

50. 

Violent  hurricane,  nprooting  large  trees. 

Tredyold  reeommends  to  allow  40  Iba  per  sq  ft  of  roof  for  the 

pres  of  wind  against  it ;  bat  as  roofs  are  constrneted  with  a  slope,  and  oonsequently  do  not  receive 
the  ftill  foroe  of  the  wind,  this  is  plaialj  too  much.*  Moreover,  only  one-half  of  a  roof  is  usually  ex- 
posed, even  thns  partially,  to  the  wind.  Probably  the  force  In  stmh  cases  varies  approximatelv  as  the 
sines  of  the  angles  of  slopes.  According  to  observations  in  Liverpool,  in  1860,  a  wind  of  38  miles  per 
hour,  produced  a  pres  or  14  lbs  per  sq  ft  against  an  object  perp  to  It:  and  one  of  TO  miles  per  hoar, 
(the  severest  gale  on  record  at  that  city,)  42  lbs  per  sq  foot.  Theae  would  make  the  pres  per  sq  ft, 
more  nearly  equal  to  the  square  of  the  vel  in  miles  per  hour,  dlv  by  100;  or  nearly  twice  as  great  as 
given  in  Smeaton's  ubie.  we  should  ourselves  give  the  preference  to  the  Liverpool  observations.  A 
very  violent  gale  In  Scotland,  reg^istered  by  ao  excellent  anemometer,  or  wind-gauge,  45  lbs  per  sq 
ft.    It  is  stated  that  as  high  as  55  lbs  has  been  observed  at  Glasgow.    High  winds  often  lift  roofk. 

The  gauge  at  Oirard  College,  Philada,  broke  nnder  a  strain  of  42  fte  per  eq  fk;  a  tornado  passing 
at  the  moment,  within  \i  mile. 

By  Inversion  of  Smeaton's  rule,  if  the  force  in  Ib«  per  sq  ft,  be  mult  bv  200,  the  sq  ft  of  the  prod 
will  give  the  vel  In  miles  per  hoar.    Smeaton's  rule  is  used  by  the  U.  S.  Signal  Servloe. 

•  The  writer  thinks  8  lbs  per  sq  foot  of  ordinary  doubU-$loping  rooft.  or  16  fts  lur  »h»d-roof^,  snffi 
oient  aliownnoe  for  pres  of  wind. 

«1 
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The  animal  precipitation*  at  any  given  place  varies  greatly  from 
year  to  year,  the  ratio  between  maximum  and  minimum  being  frequently  greater 
than  2:1.  Beware  of  averagres.  In  estimating  ^oo(2«,  take  the  maximum 
falls,  and  in  estimating  water  supply,  the  minimum,  not  onlv  per  annum,  but  for 
short  periods.  In  estimating  water  supply,  make  deductions  for  evaporatioB 
and  leakage. 

Maxima  and  minima  deduced  from  observations  covering  only  4  or  5  years  are 
apt  to  be  misleading.  Data  covering  even  10  or  more  years  may  just  miss  includ- 
ing a  very  severe  flood  or  drought.  Records  of  from  15  to  20  years  may  usually 
be  accepted  as  sufficient. 

Table  1.  Areragre  Preeipitatlon  *  in  the  United  States,  in  ins. 
(From  Bulletin  C  of  U.  S.  Department  of  Agriculture,  compiled  to  end  of  1891.) 


Bute.  8pr.  Sam. 

Alabama. 14.9  18.8 

Arizona 1.3    4.3 

Arkansas 14.3  12.5 

California. 6.2    0  3 

Colorado 4.2     5.5 

Connecticut 11.1  12.5 

Delaware 10.2  11.0 

Dist.  Columbia.11.0  12.4 

Florida 10.2  21.4 

Georgia 12.4  15.6 

Idaho 4.4    2.1 

Illinois 10.2  11.2 

Indiana 11.0  11.7 

Indian  Ty 10.6  11.0 

Iowa 8.3  12.4 

Kansas 8.9  11.9 

Kentucky 12.4  12.5 

Louisiana 13.7  15.0 

Maine 11.1  10.6 

Maryland 11.4  12.4 

Massachusetts.  ..11. 6  11.4 

Michigan 7.9    9.7 

Minnesota 6  5  10.8 

Mississippi 14.9  12.6 

Missouri 10.0  12.4 


Aut.  Win.  Add'I 

10.0  14.9  53.6 

2.2  3.1  10.9 

11. 0  12.8  50.6 

3.5  11.9  21.9 

2.8  2.3  14.8 
11.7  11.5  46.8 

10.0  9.6  40.8 
9.4  9.0  41.8 

14.2  9.1  54.9 

10.7  12.7  61.4 

3.6  7.0  17.1 

9.0  7.7  38.1 

9.7  10.3  42.7 

8.9  5.7  36.2 

8.1  4.1  32.9 
6  7  8.5  31.0 

9.7  11.8  46.4 

10.8  14.4  53.9 

12.3  11. 1  45.0 
10.7  9.5  44.0 

11.9  11.7  46.6 

9.2  7.0  83.8 

5.8  8.1  26.2 

10.1  15.4  53.0 
9.1  6.5  38.0 


Bute.  Spr. 

Montana 4.2 

Nebraska 8.9 

Nevada 2.8 

N.  Hampshire.  9.8 

New  Jersey 11.7 

New  Mexico.....  1.4 

New  York 8.5 

N.  Carolina 12.9 

N.  Dakota 4.6 

Ohio 10.0 

Oregon 9.8 

Pennsylvania. ..10.3 
Rhode  Island  ...11.9 

S.  Carolina 9.8 

S.  Dakota 7.2 

Tennessee 13.5 

Texas 8.1 

Utah 3.4 

Vermont 9.2 

Virginia 10.9 

Washington 8.6 

W.  Virginia 10.9 

Wisconsin „  7.8 

Wyoming.v 4.8 

United  States...  9.2 


Sum. 

Aot. 

Wln.jLniil 

4.9 

'2.6 

2.8  14.0 

10.9 

4.9 

2.2  26.9 

0.8 

1.3 

3.2     7.6 

12.2 

11.4 

10.7  44.1 

13.3 

11.2 

11.1  47.8 

6.8 

3.5 

2.0  12.7 

10.4 

9.7 

7.9  86.6 

16.6 

12.0 

12.2  63.7 

8.0 

2.8 

1.7  17.1 

11.9 

9.0 

9.1  40.0 

2.7 

10.5  21.0  44.0 

12.7 

10.0 

9.6  42.5 

10.7  11.7 

12.4  46.7 

16.2 

9.7 

9.7  45.4 

9.7 

3.5 

2.5  22.9 

12.5 

10.2 

14.5  60.7 

8.6 

7.6 

6.0  80.8^ 

1.5 

2.2 

8.5  10.6 

12.2 

11.4 

9.3  42.1 

12.5 

9.5 

9.7  42.6 

3.9 

10.5 

16.8  89.8 

12.9 

9.0 

10.0  42.8 

11.6 

7.8 

6.2  82.5 

3.5 

2.2 

1.6  ll.« 

10.3 

&8 

8.6  86.8 

At  Philadelphia,  In  1869,  during  which  occurred  the  greatest  drought  known 
there  for  at  least  50  years,  43.21  inches.fell ;  August  13,  1873,  7.3  inches  in  1  day ; 
August,  1867, 15.8  inches  in  1  month ;  Julv,  18^2,  6  Inches  in  2  hours ;  9  inches 
per  month  not  more  than  7  or  8  times  in  25  years.  From  1825  to  1893,  greatest 
In  one  year,  61  inches,  in  1867 :  least,  80  inches,  in  1826  and  1880.  At  Nornstown, 
Pennsylvania,  in  1866,  the  writer  saw  evidence  that  at  least  9  inches  fell  within 

5  hours.  At  Genoa,  Italy,  on  one  occasion,  32  inches  fell  in  24  hours ;  at  Geneva, 
Switzerland,  6  inches  in  3  hours;  at  Marseilles,  France,  13  inches  in  14  hours; 
in  Chicago,  Sept.,  1878,  .97  inch  in  7  minutes. 

Near  I«ondon,  Eng^land,  the  mean  total  fall  for  many  years  is  23  Inches. 
On  one  occasion,  6  inches  fell  in  1%  hours  I  In  the  mountain  districts  of  the 
English  lakes,  the  fall  is  enormous :  reaching  in  some  years  to  180  or  240  inches : 
or  from  15  to  20  feet  I  while,  in  the  adjacent  neighborhood,  it  is  but  40  to  60 
inches.  At  Liverpool,  the  average  is  34  inches ;  at  Edinburgh,  80 :  Glasgow,  22; 
Ireland,  36;  Madras,  47;  Calcutta,  60;  maximum  for  16  years,  82;  Delhi,  21; 
Gibraltar.  80 ;  Adelaide,  Australia,  23 ;  West  Indies,  36  to  96 ;  Rome,  89.  On  the 
Khassya  hills  north  of  Calcutta,  500  inches,  or  41  feet  8  inches,  have  fallen  in  the 

6  rainy  months  I  In  other  mountainous  districts  of  India,  annual  falls  of  10  to 
20  feet  are  common. 

A  moderate  steady  rain,  continuing  24  hours,  will  yield  a  depth  of  about  an  inch. 

As  a  Keneral  rule,  more  rain  falls  in  warm  than  in  eoi4 

eountrles;  and  more  in  elevated  regions  than  in  low  ones.    Local  peculiar- 

*  Precipitation  includes  snow,  hail,  and  sleet,  melted.    Unmelted  snow  Is 
^timatea  at  10  inches  snow  >=  1  inch  rain. 
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Hits,  howerer,  tometimM  reTerae  this;  and  also  oaoM  great  difflirences  in  tht 
amounts  in  places  qaite  near  each  other ;  as  in  the  English  lake  distrieu  Just 
alluded  to.  It  is  sometimes  difficult  to  account  for  these  yariations.  In  soma 
lagoons  in  New  Granada.  South  America,  the  wri,ter  has  known  three  or  four 
heavy  raiu3  to  occur  weekly  for  some  months,  during  which  not  a  drop  fell  on 
hills  about  1000  feet  high,  within  ten  miles'  disUnce,  and  within  full  sight.  At 
another  locality,  almost  a  dead-level  plain,  fully  three-quarters  of  the  rains  that 
fell  for  two  years,  at  a  spot  two  miles  from  his  residence,  occurred  in  the  morn- 
ing; while  those  wMch  fell  about  three  miles  from  it,  in  an  opposite  direction, 
were  in  the  afternoon. 

Tlie  relaUon  between  precipitation  and  stream-flow  is  greatly 
allbeted  by  theexistenoeof  forests  or  crops,  by  the  slope  and  character  of  ground 
on  the  water-shed,  especially  as  to  rate  of  absorption,  by  the  season  of  the  year, 
the  frost  in  the  ground,  etc.  The  stream-flow  may  ordinarily  be  taken  as  varr- 
ing  between  0.2  and  0.8  of  the  rainfall.  Streams  in  limestone  regions  frequently 
loM  a  very  large  proportion  of  their  flow  through  subterranean  caverns. 

Assumine  a  fall  of  2  feet  in  1  year  (=  76,879  cubic  feet  per  square  mile  per 
day),  that  naif  the  rainfall  is  available  for  water  supply,  and  that  a  per  capita 
oonsumption  of  4  cubic  feet  (=>  80  gallons)  per  dar  is  sufficient,  one  square  milt 
will  supply  19,085  persons ;  or  a  square  of  88.25  feet  on  a  side  will  supply  ont 
person. 

An  tneli  of  rain  amonnts  to  3680  enbie  feet;  or  27155  U.  S. 

Ekilons;  or  101.3  tons  per  acre;  or  to  2323200  cubic  feet;  or  17378743  U.  S.  gai- 
ns ;  or  64821  tons  per  square  mile  at  62%  fba  per  cubic  foot. 
The  most  destructive  rains  are  usually  those  which  fall  upon  snow,  ander 
which  the  ground  is  frozen,  so  as  not  to  absorb  water. 

Table  2.    Maxlmnm  intensity  of  ralnfiall  for  periods  of  6, 10,  and 

60  minutes  at  Weather  Bureau  stations  equipped  with  self-registering 

gauges,  compiled  from  all  available  records  to  the  end  of  1896. 

(From  Bulletin  D  of  U.  S.  Department  of  Agriculture.) 


SUtions. 

Rate  per  hour  for— 

Stations. 

Bate  per  hour  for— 

5min. 

lOmins. 

OOmins. 

5min. 

lOmins. 

60minB. 

Biamarck. 

Ins. 
9.00 
8.40 
8.16 
7.80 
7.80 
7.50 
7.44 
7.20 
7.20 
6.72 
6.60 
6.60 
6.60 

Inches. 
6.00 
6.00 
4.86 
4.20 
6.60 
6.10 
7.08 
6.00 
4.92 
4.98 
6.00 
8.90 
4.80 

Inches. 
2.00 
1.80 
2.18 
1.25 
2.40 
1.78 
2.20 
2.15 
1.60 
1.68 
2.21 
1.60 
1.86 

Chicago 

Ins. 
6.60 
6.48 
6.00 
$.00 
6.76 
6.64 
6.46 
6.40 
6.40 
4.80 
4.56 
3.60 
3.60 

Inches. 
8.92 
5.68 
4.80 
4.20 
6.46 
3.66 
6.46 
4.80 
4.02 
3.84 
4.20 
8.30 
2.40 

Inches. 
1.60 

St.  Paul 

Galveston 

Omaha... 

2.55 

]few  Orleans 

1.65 

MUwaukee 

Kansas  City 

Washington 

Jacksonville...... 

I>etroit„ 

Dodge  City...... 

Norfolk 

1.84 
1.56 

Cleveland 

Athmta.. 

Key  West 

Philadelphia... 

St.  Louis.- 

Cincinnati 

Denver... 

1.12 
1.50 
2.25 

New  York  aty.. 
Boston 

1.5* 
2.25 

Savannah 

1.70 

Indianapolis...... 

Memphis., T— 

1.18 

Duluth... 

1.85 

The  welfrbt  of  freshly  follen  snow,  as  measured  by  the  author, 
Taries  from  aoout  6  to  12  Bw  per  cubic  foot ;  apparently  depending  chiefly  upon 
the  degree  of  humidity  of  the  air  through  which  it  had  passed.  On  one  occasion, 
when  mingled  snow  and  hail  had  fallen  to  the  depth  of  6  inches,  he  found  its 
wcdght  to  be  81  fibs  per  cubic  foot.  It  was  very  dry  and  incoherent.  A  cubic  foot 
of  heavy  snow  may,  by  a  gentle  sprinkling  of  water,  be  converted  into  about 
half  a  cubic  foot  of  slush,  weighing  20  fi>s.;  which  will  not  slide  or  run  off 
firom  a  shinsled  roof  sloping  30^,  if  the  weather  is  cold.  A  cubic  block  of  snow 
aaturated  with  water  until  It  weiRhed  45  Tba  per  cubic  foot,  iust  slid  on  a  rough 
board  inclined  at  46°;  on  a  smoothly  planed  one  at  30°;  and  on  slate  at  18°;  all 
i^qvrozimate.  A  prism  of  snow,  saturated  to  52  lbs  per  cubic  foot,  one  inch 
square,  and  4  Inches  high,  bore  a  weicht  of  7  lbs ;  which  at  flrst  compressed 
it  about  one-quarter  part  of  Its  length.  JSuropean  engineers  consider  6  ros  per 
8f uara  foot  of  roof  to  oe  sufflcient  allowance  for  the  weifrbt  of  snowf 
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and  8  9m  for  the  preflsure  of  wind ;  total.  14  lbs.  The  writer  thinks  thmt  in  th« 
U.  S.  the  allowance  for  snow  should  not  be  taken  at  leu  than  12  lbs;  or  the  total 
for  snow  and  wind,  at  20  lbs.  There  is  no  danger  that  snow  on  a  roof  wiU 
become  saturated  to  the  extent  just  alluded  to ;  bemuse  a  rain  that  would  supplf 
the  necessary  quantity  of  water  would  also  by  its  violence  wash  away  the  snow : 
but  we  entertain  no  doubt  whatever  that  the  united  pressures  from  snow  ana 
wind,  in  our  Northern  States,  do  actually  at  times  reach,  and  even  surpass. 
20  Sis  per  square  foot  of  roof.  The  limit  oi 

rerpetual  snow  at  the  equator  is  at  the  height  of  about  16000  feet,  or  say 
miles  above  sea-level;  in  lat  45°  north  or  south,  it  is  about  half  that  neight; 
while  near  the  poles  it  is  about  at  sea-leveL 

Bain  Oaugres.  Plain  cylindrical  vessels  are  ill  adapted  to  service  as  rain 
gauges ;  because  moderate  rains,  even  though  sufficient  to  ^leld  a  lai^  run-otf 
from  a  moderate  area,  are  not  of  sufficient  depth  to  be  satisfactorily  measured 
unless  the  depth  be  exaggerated.  The  inaccuracy  of  measurement,  always  con- 
siderable, is  too  great  relatively  to  the  depth. 

In  its  simplest  and  most  usual  form,  tne  gauge  (see  Fig.)  consists  essentially 
of  a  funnel.  A,  which  receives  the  rain  and  leads  it  into  a  measuring 
tube,  B,  of  smaller  cross-section.    The  funnel  should  have  a  vertical 


and  fairly  sharp  edge,  and,  in  order  to  minimise  the  loss  through       VAy/ 
evaporation,  it  should  fit  closely  over  the  tube,  and  its  lower  end 
should  be  of  small  diameter. 

The  depth  of  water  in  the  tube  is  ascertained  by  inserting,  to  the 
bottom  of  the  tube,  a  measuring  stick  of  some  unpolished  wood 
which  will  readily  snow  to  what  depth  it  has  been  wet.  The  stick 
may  be  permanently  graduated,  or  it  may  be  compared  with  an  ordi- 
nary scale  at  each  observation.  The  tube  is  usually  of  such  diameter 
that  the  area  of  its  cross-section,  minus  that  of  the  stick,  is  one-tenth 
of  the  area  of  the  funnel  mouth.  The  depth  of  rainfsll  is  then  one- 
tenth  of  the  depth  as  measured  by  the  stick. 


Dimensions  of  Standard  U.  S.  Wbathbb  Bubbav  Rain  Oauob.  Ins. 

A.  Receiver  or  funnel.  IHametor        8 

B.  Measuring  tube.  Height  20  ins.  *'  2.58 
C  C.    Overflow  attachment  and  snow  gauge.                      *'               8 

Such  gauges,  with  the  tubes  carefhlly  made  from  seamless  drawn  brass  tubing, 
cost  about  ^.00  each ;  but  an  intelligent  and  eareftU  tinsmith,  given  the  dimen- 
sions accurately,  can  construct,  of  galvanized  iron,  for  about  11.00  a  gauge  that 
will  answer  every  purpose  of  the  engineer. 

Tlie  exposure  has  a  very  marked  effect  upon  the  results  obtained.  The 
fhnnel  should  be  elevated  about  3  ft,  in  order  to  prevent  rain  from  splashing  back 
into  it  from  the  ground  or  roof.  Ir  on  a  roof,  the  latter  should  be  nat,  and  pref- 
erably 50  ft  wide  or  wider,  and  the  gauge  should  be  placed  as  far  as  possible 
from  the  edges ;  else  the  air  currents,  produced  by  the  wind  striking  the  side  of 
the  building,  will  curry  some  of  the  rain  over  the  gauge.  No  objects  much  higher 
than  the  gauge  should  be  near  it,  as  they  produce  variable  air  currents  whidi 
may  seriously  affect  its  indications. 

An  overflow  tank,  C,  should  be  provided,  for  cases  of  overfilling  the  tube. 

Water,  freezing  in  the  gauge,  may  burst  it,  or  force  the  bottom  off;  or  at  least 
80  deform  the  gauge  as  to  destroy  its  accuracy. 

To  measure  snow,  the  funnel  is  removed,  and  the  snow  is  collected  in 
the  overflow  attachment  or  other  cvlindrical  vessel  deep  enough  to  prevent  the 
snow  from  being  blown  out,  and  the  cross-sectional  area  of  which  is  accuratdy 
known.  The  snow  is  then  melted,  either  by  allowing  it  to  stand  in  a  warm 
place,  or,  with  less  loss  through  evaporation,  by  adding  an  accurately  known 
quantity  of  luke-warm  water.  In  the  letter  case,  the  volume  Of  the  added  water 
must  of  course  be  deducted  from  the  measurement. 

Bainfoll  equivalent  of  snow.  Ten  inches  of  snow  are  usually  taken 
as  equivalent  to  1  in  of  rain  ;  but,  according  to  various  authorities,  the  equiva- 
lent may  vary  between  2>^  and  34;  i.  e.,  between  25  and  1.84  K>s.  per  cubic  foot. 

Self-reeordinfr  iraugres,  of  which  several  forms  are  on  the  market,  are 

?[uite  expensive,  and,  even  when  purchased  from  regular  makers,  seldom  per- 
ectly  reliable.    Gauges  using  a  small  tipping  bucket  register  inaccurately  in 
heavy  rains ;  those  using  a  float  are  limited  as  to  the  total  depth  which  they  can 
Mater ;  while  those  which  weigh  the  rain,  if  ezposad,  are  affected  by  wind.     » 
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Tables.   Beteils  of  PM«l|»tteikni,  in  the  United  StAtes. 

Records  from  1871  or  earlier,  to  1891  iDclusive. 
(From  Bulletin  G  of  U.  8.  Department  of  Agriculture,  1894.) 


State. 


City. 


il 


«  «t-l    t- 


O  ^ 


Average  percentage 

days  with  rain.  • 

Trace  0.26  O.Sl'l. 01 

2.01 

to     1  to 

to  1  to 

to 

0.25    0.60 

1.002.00 

3.00 

inch. 

iu. 

iu.    ius. 

ins. 

24.3 

5.4 

5.1 

3.8 

0.9 

6.6 

0.5 

0.3 

0.2 

ao 

10.2 

2.8 

1.9 

0.8 

0.1 

14.2 

3.2 

2.6 

1.5 

0.2 

24.2 

2.8 

1.2 

0.4 

0.0 

28.1 

6.2 

6.4 

2.6 

0.5 

27.2 

5.7 

4.6 

2.6 

0.5 

29.8 

5.3 

5.1 

3.2 

0.8 

27.9 

4.3 

3.9 

1.9 

0.6 

22.9 

5.7 

4.8 

.S.l 

0.5 

22.3 

5.5 

4.5 

3.0 

0.7 

25.0 

5.0 

4.9 

2.6 

0.4 

32.0 

5.3 

4.2 

1.7 

0.2 

30.3 

6.0 

5.2 

2,2 

0-4 

29.7 

5.2 

3.9 

1.6 

0.3 

24.5 

4.9 

3.8 

1.6 

0.5 

20.7 

4.8 

3.5 

2.3 

0.4 

24.9 

5.0 

5.5 

8.8 

1.0 

22.6 

4.7 

4.4 

3.1 

0.8 

29.8 

6.3 

4.6 

2.2 

0.4 

27.5 

6.1 

4.7 

2.3 

0.5 

25.8 

6.1 

5.0 

2.3 

0.5 

36.0 

5.5 

3.8 

1.2 

0.2 

39.0 

5.3 

3.4 

1.2 

0.1 

34.7 

6.0 

3.2 

1.4 

0.2 

30.3 

4.6 

2.7 

1.1 

0.2 

21.1 

5.1 

5.2 

3.6 

1.1 

26.4 

6.4 

4.4 

1.7 

0.4 

24.4 

3.8 

3.6 

1.7 

0.5 

27.5 

6.8 

6.2 

2.1 

0.3 

10.1 

2.6 

1.4 

0.4 

0.1 

41.3 

7.0 

4.4 

1.3 

0.2 

25.7 

6.1 

4.8 

2.4 

05 

46.5 

6.8 

36 

1.1 

0.2 

20.7 

6.0 

6.4 

3.0 

0.6 

32.5 

6.4 

5.1 

2.0 

0.3 

40.2 

6.4 

3.9 

1.4 

0.3 

33.9 

5.5 

3.5 

1.3 

0.1 

30.6 

5.8 

4.6 

2.1 

0.3 

38.3 

7.0 

4.5 

1.3 

0.2 

20.6 

4.9 

4.7 

3.0 

0.9 

26.8 

6.9 

6.0 

3.0 

0.6 

24.4 

5.9 

5.2 

3.3 

0.7 

20.4 

6.1 

6.8 

3.0 

0.6 

22.8 

3.7 

3.6 

2.9 

0.9 

26,2 

6.2 

5.1 

2.3 

0.4 

26.2 

6.1 

5.7 

3.3 

0,5 

34.0 

6.2 

3.9 

1.4 

0.2 

26.7 

2.4 

1.2 

0.2 

0.0 

Max.  No, 
of  con- 
sec,  days 

^  *5  If  a 


HI  I?  3    H*  "■ 


Alabama 

Arizona 

Arizona. ...... 

Call  for u  la  .... 

Colorado 

Connecticut.. 
Die  of  Columbia, 

Florida 

Florida 

Georgia 

Georgia , 

niiDois 

Illinois 

Indiana , 

Iowa ..., 

Iowa 

Kansas 

Louisiana.... 
Louisiana.... 

Maine , 

Maryland.... 
Massachusetts... 

Michigan 

Michigan 

Minnesota 

Minnesota 

Mississippi 

Missouri  „ 

Kebraska 

New  Jersey 

New  Mexico 

New  York,„ 

New  York 

New  York 

North  Carolina. 

Ohio 

Ohio 

Ohio 

Pennsylvania... 
Pennsylvania .. 
South  Carolina 

Tennessee 

Tennessee 

Tennessee 

Texas 

Virginia 

"Virginia 

Wisconsin... 

Wyoming 


Mobile 

Yuniaf.., 

Whipple  Barr'ks 
San  Francisco.... 

Denver 

New  London 

Washington 

Jacksonvijle 

Key  West 

Augusta 

Savannah 

Cairo 

Chicago 

Indianapolis , 

Davenport 

Keokuk , 

Leavenworth...... 

New  Orleans , 

Sbreveport , 

Portland 

Baltimore 

Boston 

Detroit 

Marquette 

Duluth 

St.  Paul 

Vicksburg 

St,  Louis. _ 

Omaha 

Atlantic  City  J. ., 
Fort  Wingate.... 

Buffalo 

New  York 

Oswego 

Wihnington 

Cincinnati 

Cleveland 

Toledo 

Philadelphiag... 

Pittsburg 

Charleston 

Knoxville 

Memphis 

Nashville 

Galveston 

Lynchburg 

Norkfolk 

Milwaukee 

Cheyenne , 


40.1 
6.6 
15.7 
21.8 
28.7 
43.0 
40.8 
44.7 
38,8 
37.2 
36.4 
38.5 
44.0 
44.2 
40.8 
35.4 
31.9 
40.6 
35.9 
43.4 
41.2 
39.8 
46.7 
49.0 
44.5 
38.9 
36.4 
38.4 
34.1 
41.0 
14.6 
54.2 
39.6 
58.3 
36.2 
46.4 
62.2 
44.3 
43.6 
51.3 
34.7 
43.4 
39.8 
42.0 
34.6 
40.3 
42.0 
44.7 
30.5 


84 


3 
7 
2 

7 
5 
8 

■21 

21 
9!  26 
6  32 
2;  28 
6  21 
,3|  23 
2  24 
8,  26 
6,  36 
"  28 
39 
20 
29 
25 
19 
21 
26 
30 
28 


.5    28 
0    26 

.01  38 
.5  124 


*For  instance,  Alabama,  Mobile,  trace  to  0.25  inch,  24.3.  means  that  on  24.3  per 
cent,  of  the  days  embraced  within  tlie  20  years,  rain  fell  to  a  depth  of  from  a 
trace  to  a25  inch. 

t  From  October  1875  only.    J  From  January  1874  only,    g  From  May  1872  only. 
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WATER. 

Pdkb  water,  as  boiled  aod  distilled,  is  composed  of  the  two  gases,  hydro- 
gen and  ozyirea ;  in  the  proportions  of  2  measures  hydrogen  to  1  of  oxygen ; 
or  1  weifrht  of  hydrogen  to  8  of  oxvgen.  Ordinarily,  however,  it  contains  sev- 
eral foreign  ingredients,  as  carbonic  and  other  acids ;  and  soluble  mineral,  or 
organic  substances.  When  it  contains  much  lime,  it  is  said  to  be  hard;  and  will 
not  make  a  good  lather  with  soap.  Tlie  air  in  its  ordinary  state  contains 
about  4  grains  of  water  per  cubic  foot. 

The  average  pressure  of  Abe  air  at  sea  level,  will  balance  a 
column  of  water  34  feet  high ;  or  about  90  inches  of  mercury.  At  its  boil- 
ing point  of  212°  Fah,  its  bulk  is  about  one  twenty-third  greater  than  at  IQP. 

Its  weight  per  cubic  foot  is  taken  at  62U  lb8,or  1000  ounoes  avoir;  but  %2% 
fi>3  would  be  nearer  the  truth,  as  per  table  below.  It  is  about  815  times  heavier 
than  air,  when  both  are  at  the  temperature  of  62^;  and  the  barometer  at  80 
inches.  With  barometer  at  30  inches  the  weight  of  perfectly  pure  water  is  as 
follows.    At  about  39°  it  has  its  maximum  density  of  62.425  fts  per  cubic  foot. 


Temp,  Fah.  Lbs  per  Cub  Ft. 

70° «.... «..62.802 

80° 62.218 

90° ^ « .62.119 

212«> .^^^ J»9.7 


Temp,  Fah.  Lbs  per  Cub  Ft. 

820 « 62.417 

40° .62.423 

50°..... 62.409 

60° — „ 62.867 

Weiarbt  of  sea  water  64.00  to  64.27  lbs  )>er  cubic  foot,  or  say  1.6  to  1.9 1 
per  cubic  foot  more  than  fresh  water.    See  also  p  828. 

Water  has  its  maximum  density  when  its  temperature  is  a  little  above 
89°  Fah ;  or  about  7°  above  the  freezing  point.  Bybest  authorities  39.2°.  From 
about  39°  it  expands  either  by  cold,  or  by  heat.  When  the  temperature  of  82° 
reduces  it  to  ice,  its  weight  Is  but  about  57.2  lbs.  per  cubic  foot ;  and  its  specific 
gravity  about  .9175,  according  to  the  investigations  of  L.  Dufour.  Hence,  as 
ice,  it  has  expanded  one- twelfth  of  its  original  bulk  as  water;  and  the  sudden 
expansive  force  exerted  at  the  moment  of  freezing,  is  sufficiently  great  to 
split  iron  water-pipes;  being  probably  not  less  than  30000 lbs  per  square  inch. 
Instances  have  occurred  of  its  splitting  cast  tubular  posts  of  iron  bridges,  and 
of  ordinary  buildings,  when  full  of  rain  water  from  exposure.  It  also  loosens 
and  throws  down  masses  of  rock,  through  the  Joints  of  which  rain  or  spring 
water  has  found  its  way.  Betaining- walls  also  are  sometimes  overthrown,  or 
at  least  bulged,  by  the  freezing  of  water  which  has  settled  between  their  backs 
and  the  earth  filling  which  they  sustain :  and  walls  which  are  not  founded  at  m 
sufficient  depth,  are  often  lifted  upward  oy  the  same  process. 

It  is  said  that  in  a  grlass  tube  ^  inch  in  diameter,  water  wHI  not 
freeze  until  the  temperature  is  reduced  to  23°;  and  in  tubes  of  less  than  ^ 
inch,  to  3°  or  4°.  Neither  will  it  freeze  until  considerably  colder  than  82°  in 
rapid  running  streams.  Ancbor  ice,  sometimes  found  at  depths  as  great  as 
25  feet,  consists  of  an  aggregation  of  small  crystals  or  needles  of  ice  frozen  a^ 
the  surface  of  rapid  open  water;  and  probably  carried  below  by  the  force  of  the 
stream.  It  does  not  form  under  frozen  water. 

Since  ice  floats  in  water:  and  a  floating  body  displaces  a  weight  of  the 
liquid  equal  to  its  own  weight,  it  follows  that  a  cubic  foot  of  floating  ice  weighing 
57.2  ibs,  must  displace  57.2  fcs  of  water.  But  57.2  lbs  of  water,  one  foot  square,  is  11 
Inches  deep:  therefore,  floating  ice  of  a  cubical  or  parallelopipedal  shape,  will 
have  \^  of  its  volume  under  water;  and  onlv  ^  above;  and  a  square  foot  of  Ice 
of  any  thickness,  will  require  a  weight  equal  to  ^J^  of  its  own  weight  to  sink  it 
to  the  surface  of  the  water.  In  practice,  however,  this  must  be  regarded  merely 
as  a  close  approximation,  since  the  weight  of  ice  is  somewhat  affldcted  by  en- 
closed air-bubbles. 

Pure  water  is  usually  assumed  to  boll  at  21 2^  Fah  in  the  open  air,  at  ths 
level  of  the  sea ;  the  barometer  being  at  80  inches ;  and  at  about  1^  less  for  every 
520  feet  above  sea  level,  for  heights  within  1  mile.  In  fact,  its  boiling  point 
varies  like  iU  freezing  point,  with  its  purity,  the  density  of  the  air,  the  material 
Of  the  vessel,  Ac.  In  a  metallic  vessel,  it  may  boil  at  210°;  and  in  a  glass  one, 
at  from  212°  to  220°;  and  it  is  stated  that  if  all  air  be  previously  extracted,  it 
requires  275°. 

It  evaporates  at  all  temperatures ;  dissolves  more  substances  than  any 
other  aj?ent:  and  has  a  greater  capacity  for  heat  than  any  other  known  siihgtance. 

It  Is  compressed  at  the  rate  of  about  one-21740th,  (or  about  ^  of  ao 
Inch  in  1%^  feet,)  by  each  atmosphere  or  pressure  of  15  lb«  per  square  inch. 
'Vben  the  pressure  is  removfld.  It«  Aiaati«»ity  restores  Its  orisin^  built , 
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Bllteet  on  metaUi*  Tbe  Ume  eoDtained  in  mmnj  waters,  forms  depMlto  in 
metallic  water-pipes,  and  in  channels  of  earthenware,  or  of  masonry ;  especially 
if  the  cnrrent  De  slow.  Some  other  substances  do  the  same ;  obstructing  the 
flow  of  tbe  water  to  such  an  extent,  that  it  is  always  expedient  to  use  pipes  of 
diameters  larger  than  would  otherwise  be  necessary.  The  lime  also  forms  very 
bard  Incrastatious  at  the  bottoms  of  boilers;  very  much  impair- 
ing their  efficiency ;  and  rendering  them  more  liable  to  burst.  Such  water  is 
unfit  for  locomdtives.  We  have  seen  it  stated  that  the  8out\i  western  B  BGo, 
England,  prevent  this  lime  deposit,  along  their  limestone  sections,  by  dissolving 
1  ounce  of  sal-ammoniac  t«  90  gallons  of  water.  The  salt  of  sea  water  forms 
similar  depooiu  in  boilers;  as  fOso  does  mud,  and  other  impurities. 

Water,  either  when  very  pure,  as  rain  water ;  or  when  it  contains  carbonic 
acid,  (as  most  water  does,)  prodaees  carbonate  of  ieaci  in  lead 
pipes;  and  as  this  is  an  active  poison,  such  pipes  should  not  be  used  for  such 
waters.  Tinned  lead  pipes  may  be  subetitated  for  them.  If,  however,  sulphate 
of  lime  also  be  present,  as  is  very  frequently  the  case,  this  effect  is  not  always 
produced;  and  sereral  other  substances  usually  found  in  spring  and  river 
water,  also  diminish  it  to  a  greater  or  less  degree.  Fresb  water  corrodes 
wrongrbt  Iron  more  rapidly  tlian  cast;  but  the  reverse  appears  to 
be  the*  case  with  sea  water;  although  it  also  affects  wrought  iron  very 
quickly ;  so  that  thick  flakes  may  be  detached  from  it  with  ease.  The  corrosion 
of  iron  or  steel  bf  sea  water  increases  with  the  carbon.  Cast-iron  cannons 
Ijrom  a  vessel  which  had  been  sunk  in  the  fresh  water  of  the  Delaware  Biver 
for  more  than  40  years,  were  perfectly  free  flrom  rust.  Qen.  Pasley,  who  had 
examined  the  metals  found  in  the  ships  Boyal  George,  and  Edgar,  the  first  of 
which  bad  remained  sunk  in  the  sea  for  62  years,  and  the  last  for  183  years, 
''stared  that  the  cast  iron  had  j^nerally  become  quite  soft;  and  in  some  cases 
resembled  plumbago.  Some  of  the  shot  when  exposed  to  the  air  became  hot; 
and  burst  into  many  pieces.  The  wrought  iron  was  not  so  much  injured, 
Mcepl  when  in  eoaiaet  with  copper^  or  brat*  gun-meUd,  Neither  of  these  last  was 
much  affected,  except  when  in  contact  with  iron.  Some  of  the  wrought  iron 
was  reworked  by  a  blacksmith,  and  pronounced  superior  to  modern  iron."  **  Mr. 
Gottam  stated  that  some  of  the  guns  had  been  carefully  removed  in  their  soft 
state,  to  tbe  Tower  of  Ix>ndon :  and  in  time  (within  4  years)  riwrnei  their  orig^ 
inal  hardnesi.  Brass  cannons  from  the  Mary  Bose.  which  had  been  sunk  in  the 
sea  for  292  years,  were  considerably  honevcombed  in  spots  only ;  (perhaps  where 
iron  had  been  in  contact  with  them.)  The  old  cannons,  of  wmught-iron  bars 
hooped  together,  were  corroded  about  ^  inch  deep;  but  had  probably  been  pro- 
tected by  mud.  Tbe  cast-iron  shot  became  redhot  on  exposure  to  the  air;  and 
fell  to  pieces  like  dry  clay  I" 

*'  Unprotected  parts  of  cast-iron  sluice-valves,  on  the  sea  gates  of  the  Cale- 
donian canal,  were  converted  into  a  soft  plumbaginous  substance,  to  a  depth 
of  ^  of  an  inch,  within  4  years ;  but  where  thev  had  been  coated  with  common 
Swedish  tar,  they  were  entirely  uninjured.  This  softening  eilkjt  on  cast  iron 
appears  to  be  as  rapid  even  when  the  water  is  but  slightly  brackish ;  and  that 
only  at  intervals.  It  also  takes  place  on  cast  iron  imbedded  in  salt  earth.  Some 
water  pipes  thus  laid  near  the  Li verpool  docks,  at  the  expiration  of  20  years 
were  soft  enough  to  be  cut  by  a  knife ;  while  the  same  kind,  on  higher  ground 
beyond  tbe  influence  of  the  sea  water,  were  as  good  as  new  at  tne  end  of  50  years." 

Observation  has,  however,  shown  that  tbe  rapidity  of  this  action 
depends  mnen  on  the  ouallty  of  the  iron ;  that  which  is  dark- 
colored,  and  contains  much  carbon  mechanically  combined  with  it,  corrodes 
most  rapidly :  while  hard  white,  or  light-gray  castings  remain  secure  for  a  long 


time.    Some  cast-iron  sea-piles  of  this  character,  showed  no  deterioration  i 
years. 

Contact  with  brass  or  copper  is  said  to  indnce  a  galvanic  action 
which  greatly  hastens  decay  in  either  fresh  or  salt  water.  Some  muskets  were 
recovered  Aroro  a  wreck  which  had  been  submerged  in  sea  water  for  70  years 
near  New  York.  The  brass  parts  were  In  perfect  condition ;  but  the  iron  parts 
had  entirely  disappeared.  OalwanlslniT  (coating  with  zinc)  acts  as  a  pre- 
servative to  the  iron,  but  at  the  expense  of  the  zinc,  which  soon  disappears. 
The  iron  then  corrodes.  If  iron  be  weU  heated,  and  then  coated  with  hot 
coal-tar,  it  will  resist  the  action  of  either  salt  or  fresh  water  for  many  years. 
It  is  very  important  that  the  tar  be  perf^tly  purpled.  Such  a  coat* 

ing,  or  one  of  paint,  will  not  prevent  barnacles  and  other  shells  from 
attaching  themselves  to  the  iron.  Asphaltum,  if  pure,  answers  as  well  as 
eoal-tar. 

Copper  and  bronse  are  very  little  affected  bj  sea  water. 

No  galvanic  action  has  been  dote&ted  where  bran  lemlei  are  inserted  inte 
tbe  wate^-pipe•  in  Philadelphia.  (~ 


y  Google 


328  TIDEQ. 

The  moat  prejadieial  exposure  for  Iron,  as  wdl  n$  for  wood,  it 
that  to  alternate  wet  and  dry.  At  some  dangeroas  spots  in  Long  Island  Sound, 
it  has  been  the  practice  to  drive  round  bars  of  rolled  iron  about  4  inches  diam- 
eter, for  supporting  signals.  These  wear  away  most  rapidly  between  high  and 
low  water;  at  the  rate  of  about  an  inch  in  depth  in  20  years;  in  which  time  the 
4-inch  bar  becomes  reduced  to  a  2-inch  one,  along  that  portion  of  it.  •  Under 
freth  water  especially,  or  under  gronnd,  ft  thin  coating  of  coal-pitch  varniohi 
carefully  applied,  will  protect  iron,  snch  as  wat^r-pipes,  Ac,  for  a  long  time. 
See  page  655.  The  sulphuric  acid  contained  in  the  water  fi*om  coal  minei 
corrodes  iron  pipes  rapidly.  In  the  Aresli  water  of  eanals,  iron  boate 
have  continued  m  service  from  20  to  40  years.  Wood  remains  sound  for 
centuries  under  either  fresh  or  salt  water,  if  not  exposed  to  be  worn  awav  by 
the  action  of  currents :  or  to  be  destroyed  by  marine  insects. 

Sea  water  weigrns  from  64  to  6427  fim  per  cubic  foot,  or  say  from  1.6  to 
1.9  ft)s  per  cubic  foot  more  than  fresh  water,  varying  with  the  locality,  and  not 
appreciably  with  the  depth.  The  excess,  over  the  weight  of  fresh  water,  is  chiefly 
common  salt.  At  64  fi>s  per  cubic  foot,  35  cubic  feet  weigh  2240  ft>s.  Sea  water 
freeaes  at  about  27°  Fahr.  The  ice  is  fresh;  but  (especially  at  low  tempera- 
tures) brine  may  be  entrapped  in  the  ice. 

A  teaspoonful  of  powdered  alum,  well  stirred  into  a  buekot  of  dirty  water, 
will  generally  purify  it  sufficiently  within  a  few  hours  to  be  drinkable.  If  a 
hole  3  or  4  feet  deep  be  dug  in  the  sand  of  the  sea-shore,  the  infiltrating  water 
will  usually  be  sumciently  fr^h  for  wasbine  with  soap;  or  even  for  drinking. 
It  is  also  stated  that  water  may  be  preserved  sweet  for  many  years  by  placing 
in  the  containing  vessel  1  ounce  of  black  oxide  of  raangMiese  for  each  gallon 
of  water. 

It  is  said  tliat  water  kept  in  sine  tanks ;  or  flowing  through  iron 
tubes  galvanized  inside,  rapidly  becomes  poisoned  by  soluble  salts  of  zinc 
formed  thereby;  and  it  is  recommended  to  coat  zinc  surfaces  with  asphalt 
▼arnish  to  prevent  this.  Yet,  in  the  city  of  Hartford,  Conn,  service  pipes  of 
iron,  galvanized  inside  and  out,  were  adopted  in  1855,  at  the  recommendatios 
of  the  water  commissioners;  and  have  been  in  use  ever  since.  They  are  like- 
wise used  in  Philadelphia  and  other  cities  to  a  considerable  extent.  In  many 
hotels  and  other  builaings  in  Boston,  the  ** Seamless  Drawn  Brass  Tube"  of  the 
American  Tube  Works  at  Boston,  has  for  many  years  been  in  use  for  service 
pipe ;  and  has  given  great  satisfaction.  It  is  stated  that  the  softest  water  may 
be  kept  in  brass  vessels  for  years  without  any  deleterious  result. 

Tlie  aetion  of  lead  upon  some  waters  (even  pure  ones)  is  highlv  poison- 
ous. The  subject,  however,  is  a  complicated  one.  An  injurious  ingredient  may 
be  attended  by  another  which  neutralizes  its  action.  Organic  matter,  whether 
vegetable  or  animal,  is  injurious.  Carbonic  acid,  when  not  in  excess,  is  harm- 
lees. 

Ice  may  be  so  impure  that  its  water  is  dangerous  to  drink. 

Tlie  popular  notion  tliat  hot  water  Areeses  more  quielLlj' 
iiuin  eoldy  with  air  at  the  same  temperature,  is  erroneous. 

TIDES. 

Tbe  tides  are  those  well-known  rises  and  falls  of  the  surface  of  the  se^ 
and  of  some  rivers,  caused  by  the  attraction  of  the  sun  and  moon.  There  are 
two  rises,  floods,  or  high  tides ;  and  two  falls,  ebba,  or  low  tides,  every  24  hours 
and  50  minutes  (a  lunar  day) ;  making  the  average  of  6  hours  12K  minutes 
between  high  and  low  water.  These  intervals  are,  however,  subject  to 
ipreat  variations;  as  are  also  the  heights  of  the  tides;  and  this  not  only 
at  different  places,  but  at  the  same  place.  These  irregularities  are  owing  to  the 
shape  of  the  coast  line,  the  depth  of  water,  winds,  and  other  causes.  Usually  at 
new  and  full  moon,  or  ratlier  a  day  or  two  after,  (or  twice  in  each  lunar  month, 
at  intervals  of  two  weeks,)  the  tides  rise  higher,  and  fall  lower  than  at  other 
times ;  and  these  are  called  spring  tides.  Also,  one  or  two  days  after  the 
moon  is  in  her  quarters^  twice  in  a  lunar  month,  they  both  rise  and  fall  less  than 
at  other  tiroes ;  and  are  then  called  neap  tides.  From  neap  to  spring  they 
rise  and  fall  more  daily ;  and  vice  versa.  The  time  of  higrb  water  at  any 
place,  is  generally  two  or  three  hours  after  the  moon  has  passed  over  either 
the  upper  or  lower  meridian;  and  is  called  the  establishment  of  that 
place;  because,  when  this  time  is  established,  the  time  of  high  water  on  any 
other  day  may  be  found  from  it  in  most  cases.  The  total  height  of  spring  tides 
is  generally  from  IV^  to  2  times  as  great  as  that  of  neaps.  The  great  tidal 
wave  is  merely  an  undulation,  unattended  by  any  current,  or  progressive  motion 
of  the  particles  of  water.  Each  successive  high  tide  occurs^ahout  24  minutes 
later  than  the  preceding  one ;  snd  so  with  the  low  tid^tized  by  v^OOQlv; 
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EVAPORATION,  FILTRATION,  AND  LEAKAGE. 

The  Amount  of  evaporation  from  surfaces  of  water  exposed  to 

Ibe  natural  effects  of  the  open  air,  is  of  coarse  greater  in  summer  than  in  winter;  although  it  is  quit* 
perceptible  in  eren  the  coldest  weather.  It  is  greater  in  shallow  water  than  in  deep,  inasmuch  as  the 
•ottom  also  becomes  heated  by  the  van.  It  is  greater  In  running,  than  in  sunding  water;  on  much 
the  same  principle  that  it  is  greater  during  winds  than  calms.  It  is  probable  that  the  arerage  dailj 
loaa  from  a  reserroir  of  moderate  depth,  f^om  evaporation  alone,  throughout  the  3  warmer  months 
•f  the  year,  (June,  July.  August,)  rarely  exceeds  about  -Ar  inch,  in  any  part  of  the  United  States.  Or 
•J^  inch  daring  the  9  colder  months ;  except  in  the  Southern  States.  These  two  arerages  woald  fire 
*  daily  one  of  .15  inch ;  or  a  total  annual  loss  of  55  ins,  or  4  ft  7  ins.    It  probably  is  3.5  to  4  ft. 

By  some  trials  by  the  writer,  in  tlie  tropies,  ponds  of  pure  water 

8  ft  deep,  in  a  stiff  retentive  clay,  and  fully  exposed  to  a  very  hot  sun  all  day,  lost  daring  the  dry  sea> 
aon,  precisely  2  ins  in  16  days ;  or  H  inch  per  day ;  while  the  evaporation  from  a  glass  tumbler  was 
^  inch  per  day.  The  air  in  that  region  is  highly  charged  with  moisture ;  and  the  dews  are  heavy. 
Every  day  during  the  trial  the  thermometer  reached  from  115°  to  125°  in  the  sun. 

The  total  annual  evaporation  in  leveral  parts  of  England  and  Scotland  is  stated  to  average  fVoin  31 
to  38  ins ;  at  Paris,  914 ;  Boston,  Mass,  32 ;  many  places  in  the  U.  S.,  SO  to  36  ins.  This  last  would  give 
a  daily  average  of  -^  inch  for  the  whole  year.  Such  statements,  however,  are  of  very  little  valne, 
vnless  accompanied  by  memoranda  of  the  circumstances  of  the  case ;  such  as  the  depth,  exposure, 
size  and  nature  of  the  vessel,  pond.  Ac.  which  coAtains  the  water,  tc.  Sometimes  the  total  annual 
evaporation  ftxim  a  district  of  country  exceeds  the  rain  fall ;  and  vice  versa. 

On  canals,  reservoirs,  Ac,  it  is  usual  to  combine  the  loss  hj  evaporation, 

with  that  by  filtration.  The  last  is  that  which  soaks  into  the  earth ;  and  of  which  acme  portion 
passes  entirely  through  the  banks,  (when  in  embankt;)  and  if  in  very  small  qaantity,  may  be  dried 
up  by  the  sun  and  air  as  fast  as  it  reaches  the  outaide ;  lo  as  not  to  exhibit  itself  as  water;  bat  if  in 
greater  qaantity,  It  becomes  apparent,  as  leakage. 

E.  H.  Gill,  €  E,  states  the  averagre  evaporation  and  filtra- 
tion on  the  Sandy  and  Beaver  canal,  Ohio,  (88  ft  wide  at  water  sur- 
face ;  26  ft  at  bottom ;  and  i  ft  deep.)  to  be  but  13  cab  ft  per  mile  per  minute,  {n  a  dry  eeatun.  Bere 
the  exposed  water  surf  in  one  mile  is  200640  sq  ft;  and  in  order,  with  this  surf,  to  lose  IS  oub  ft  per 
min,  or  18720  cub  ft  per  day  of  24  hours,  the  quantity  lost  mnst  be  j^^'Wjj  =  -OWS  ft,  =  1  ^  inch  in 
depth  per  day.  Moreover,  one  mile  of  tbe  canal  contain!  676840  cub  ft ;  uerefore,  the  number  of  days 
reqd  for  the  combined  evaporation  and  filtration  to  amount  to  as  much  as  all  the  water  in  tbe  eanal,  is 

V^l^^  =  36  days.  G^mmMnw  in  warm  weather  en  a  S2<mlle  reach  of  the  Oheoango  canal,  N 
Tork,  (40;'  28;  and  4  ft,)  gave  65H  <^^  ft  per  mile  per  min ;  or  5  times  as  much  as  in  the  preceding 
eaee.   This  rate  wonld  empty  the  canal  in  about  8  days.    Besides  this  there  was  an  excessive  leakage 


at  the  gates  of  a  lock,  (of  only  bH  ft  lift,)  of  479  cub  ft  per  min,  t2  cab  ft  per  mile  per  min ;  and  at 
aqueducts,  and  waste-weirs,  others  amounting  to  Vi  cub  ft  per  mile  per  min.  The  leakage  at  other 
locks  with  lifts  of  8  ft,  or  less,  did  not  ezceea  about  350  cub  ft  per  min.  at  each.    On  other  canals,  it 


has  been  found  to  be  from  50,  to  500  ft  per  min.  On  the  Chesapeake  and  Ohio  canal,  (where  50,  S2, 
and  6  ft,)  Mr.  Fisk,  C  B.  estimated  the  loss  by  evap  and  filtration  in  2  weeks  of  warm  weather,  to  be 

anal  to  all  the  water  in  the  canal.   Professor  Ranhine  assumes  2  ins  per 
ay,  for  leakage  of  canal  bed,  and  evaporation,  on  Euirlish 

eanals.  J.  B.  Jervls.  O  E.  estimated  the  loss  from  evap,  filtration,  and  leakage  through  lock- 
gates,  on  the  original  Erie  canal,  (40,  28.  and  4  ft.)  at  100  enb  ft  per  mile  per  min;  or  144000  cnb  ft 
per  day.  The  water  surf  in  a  mile  is  211200  sq  ft ;  therefore,  the  daily  loss  would  be  equal  to  a  depth  of 

On  the  Delaware  division  of  the  Pennsylvania  canals,  when 

the  supply  is  temporarily  shut  off  fi-om  any  long  reach,  the  water  falls  ft-om  4  to  8  ins  per  day.  The 
filtration  will  of  course  be  much  greater  on  embankta,  than  in  cuts.  In  some  of  our  canals,  the  depth 
at  high  embankts  beoomes  quite  considerable ;  the  earth,  from  motives  of  economy,  not  being  filled  in 
level  under  the  bottom  of  tbe  canal;  but  merely  left  to  form  ita  own  natural  slopes.  A%  one  spot  at 
least,  on  the  Ches  and  Ohio  canal,  where  one  Hide  Is  a  natural  face  of  vertical  rock,  this  depth  is  40 
ft.  Such  depths  increase  the  leakage  very  greatlr ;  especially  when,  as  Is  fKqnently  the  case,  theem- 
bankta  are  net  paddled;  and  the  practice  is  not  to  be  commended,  for  other  reasons  also. 

The  total  averaire  loss  front  reservoirs  of  moderate  depths, 

in  case  the  earthen  dams  be  constmoied  with  proper  eare,  and  well  settled  by  time,  will  not  exaeed 
about  from  H  «>  1  inch  per  day ;  but  in  new  ones,  it  wiU  osually  be  eonsiderably  greater. 

The  loss  from  ditches,  or  channels  of  small  area,  is  mneh 

greater  than  that  from  navigable  canals ;  so  that  long  canal  feeders  usually  deliver  bat  a  small  pra- 
pmtion  of  the  water  which  enters  tiiem  at  their  heads. 
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MEGHANIOS.   FOBOE  IN  BIOID  BODIES. 


In  the  following  pages  we  endearor  to  make  clear  a  few  elementary  prinolplet 
of  Mechanics.  The  opening  articles  are  devoted  chiefly  to  th-  ^nbject  of  matter  im 
motion;  for,  while  an  acquaintance  with  this  is  perhaps  not  abi«olutely  required  in 
obtaining  a  worfeing  knowledge  of  those  principles  of  Statics  which  enter  so  largely 
into  the  computations  of  the  ciTil  engineer,  yet  it  most  be  an  important  aid  to  their 
intelligent  apprtciation. 

Art.  1  (a).  Mechanlos  nvKj  be  defined  as  that  branch  of  science  which 
treats  of  the  effects  of  force  upon  matter. 

This  broad  definition  of  the  word  *<  Mechanics"  includes  hirdrostatics,  hydraalics, 
pneumatics,  etc.,  if  not  also  electricity,  optics,  acoustics,  and  indeed  all  branches  of 
physics;  but  w«  Aall  here  confine onrselres  chiefiyto  the  considerationof  the  action 
of  extraneous  forces  upon  bodies  supposed  to  be  rigid,  or  incapable  of  change  of  shape. 

(b)  Mechanics  is  divided  into  two  branches,  namely : 

Ktnematiesi  or  the  study  of  the  motknu  of  bodies,  withoat  reference  to  the 
eatuet  of  motion ;  and 

DjnutmleSy  or  the  study  of  force  and  its  effects. 

The  latter  is  subdivided  into 

Kinetles)  which  treats  of  the  relations  between  force  and  molion;  and 

Statics  i  which  considers  those  special,  but  venr  numerous,  cases,  where  equal 
and  opporite  forces  counteract  each  other  and  thus  destroy  each  other's  motions. 

Art.  9  (a).  Matterf  or  substance)  may  be  defined  as  whatever  occupies  spaces 
as  meta',  stone,  wood,  water,  air,  steam,  gas,  etc. 

(b)  A  bodjr  is  any  portion  of  matter  which  is  either  more  or  less  completely 
separated  in  fact  firom  all  other  matter,  or  which  we  take  into  considemtion  by  itself 
and  as  if  it  were  lo  separated.  Thus,  a  stone  is  a  body,  whether  it  be  fallinic  fhrongh 
the  air  or  lying  detached  upon  the  ground,  or  built  up  into  a  wall.  Also,  th6  wall  ts 
a  body ;  or,  if  we  wish,  we  may  consider  any  portion  of  the  wall,  as  any  particular 
cubic  foot  or  inch  in  it,  as  a  body.  The  earth  and  the  other  planets  are  bodies,  and 
their  smallest  atoms  are  bodies. 

A  train  of  cars  may  be  regarded  as  a  body ;  as  may  also  each  car,  each  wheel  or 
axle  or  other  part  at  the  oar,  each  passenger,  etc,  etc 

Similarly,  the  ocean  is  a  body,  or  we  may  take  as  a  body  any  portion  of  it  at  pleas- 
nre,  such  as  a  cubic  foot,  a  certain  bay,  a  drop,  etc. 

(c)  But  in  what  follows  we  shall  (afi  already  stated)  consider  chiefly  rigid  bodies; 
i.  e.,  bodies  which  undergo  no  change  in  nhape,  such  as  by  beinfr  crushed  or  stretched 
or  pulled  apart,  or  penetrated  by  another  body.  All  actual  bodies  are  of  cpurse  more 
or  less  Rubject  to  some  such  changes  of  shape ;  i.  «.,  no  body  i«  in  fact  absolutely 
rigid;  but  we  may  properly,  for  conv«^nience,  suppose  such  bodies  to  exist,  because 
many  bodies  are  so  nearly  rigid  that  under  ordinary  circumstances  they  undf'rgo 
little  or  no  changn  of  shape,  and  because  such  chanpre  as  does  occur  may  be  oou- 
Sirisred  under  the  distinct  head  of  Strength  of  Materials. 

(d)  But  while  Iwdie^  are  thus  to  be  regarded  as  incapable  of  change  of  form,  it  is 
squally  important  that  we  regard  them  as  susetpHble  to  change  of  poktion  as  whoUa, 
Thus,  they  may  be  upset  or  turned  around  horfsontaliy  or  In  any  other  direction,  or 
moved  along  in  any  straight  or  curved  line,  with  or  without  turning  around  a  point 
within  themselves.    In  short  they  are  capable  of  motion,  as  wholes. 
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Art.  8  (m,).  Kotlom  oC  *  body  to  duuig*  of  its  potttton  In  relation  to  uiother 
body  or  to  10016  roal  or  imagiiMrT  point,  wluoh  (for  oonroiiieuoe)  we  ngard  ai  fixed, 
or  at  reel  Thne,  while  a  etone  lUU  flron>  *  roof  to  the  gronnd,  iti  podtioo,  relatively 
to  the  reof.  to  constantly  changing,  as  to  also  that  relatireW  to  the  ground  and  that 
relattveiy  to  any  glren  point  in  the  wall ;  and  we  say  that  the  stone  to  in  motion  rdc^ 
tindf  to  wther  of  Qiiom  bodieSt  or  to  any  point  in  them.  But  if  two  stones,  A  and  B, 
fhlt  from  the  roof  at  the  same  instant  and  reach  the  ground  at  the  same  (subsequent) 
instant,  we  say  that  althoogh  each  moTes,  relatively  to  roof  and  ground,  yet  they 
have  no  motion  rtlativtly  to  each  other;  or,  they  are  at  rest  relatively  I0  each  other; 
for  their  position  in  regard  to  each  other  does  not  change ;  t*.  s.,  in  whatever  direction 
and  at  whaterer  distance  stone  A  may  be  from  stone  B  at  the  time  of  starting,  it 
remains  in  that  same  direction,  and  at  that  same  distance  from  B  during  the  wnoie 
time  of  the  fall.  Similarly,  the  roof;  the  wall  and  the  ground  are  at  rest  relatively 
to  each  other,  yet  they  are  in  motion  relatively  to  a  falling  stone.  They  are  also  in 
motion  rrtattvely  to  the  son,  owing  to  the  earth's  daily  rotation  about  its  axis,  and 
its  annnal  movement  aronnd  the  son. 

(b)  If  a  traJmnan  walks  toward  the  rear  along  the  top  of  a  freight  train  Just  m 
flwt  as  the  train  moves  forward,  he  to  in  motion  relatively  to  the  train;  but,  as  a 
whole,  be  is  at  re$t  relatively  to  buildings,  etc.  near  by ;  for  a  spectator,  standing  at 
a  little  dtotanoe  fktnn  the  track,  sees  him  continually  opposite  the  same  part  of  such 
boildinc  etc  If  the  man  on  the  train  now  stops  walking,  he  comes  to  rest  relatively 
to  the  traimf  but  at  the  same  time  comes  into  motion  relatiTdy  to  the  surrounding 
buHdinffSt  etc.,  fbr  the  spectator  sees  him  begin  to  move  along  with  the  train. 

(e)  Since  we  know  of  no  absolutely  fixed  point  in  space,  we  cannot  say,  of  any 
body,  what  its  ahsUuU  motion  to.  Gonsequentlv,  we  do  not  know  of  such  a  thing  m 
absolute  red,  and  are  safe  in  saying  that  aU  bodies  are  in  motion. 

Art*  4  (a).  The  w«l«€l^  of  a  moving  body  to  its  rate  of  motion.  A  body  (sm  a 
railroad  train)  to  said  to  move  with  imttorm  -relooltr*  or  constattt  ▼•loeit^y 
when  the  distances  moved  over  in  equal  times  are  eqwd  to  each  other,  no  matter  how 
small  those  times  may  be  taken. 

(1>)  The  -reloeitj'  to  •xpr«aMd  by  stating  the  distance  passed  over  during  sotnc 
givm  Urns,  or  which  vfosdd  be  passed  over  during  that  time  if  the  uniform  motion 
continued  so  long.  Thus,  if  a  railroad  train,  moving  with  constant  velocity,  passes 
over  10  miles  in  half  an  hour,  we  may  say  that  its  velocity,  during  that  timeu  is 
(i.  c,  that  it  moves  at  the  rate  of)  20  miles  per  hour,  or  106,6U0  feet  per  hour,  or  1700 
feet  per  minute,  or  29^  feet  per  second.  Or,  we  may,  if  desirable,  say  that  it  moves 
at  the  rate  of  10  miles  in  half  an  hour,  or  88  feet  in  three  seconds,  etc. ;  but  it  to 
generally  more  convenient  to  itate  the  distance  passed  over  in  a  unit  of  time,  as  in 
one  dsij  one  hour,  one  second,  etc. 

(e)  If;  of  two  trains,  A  and  B,  moving  with  constant  velocity, 
A  moves  ia  miles  in  half  an  koor, 
B  moves  10  miles  in  quarter  d  an  boor, 

thoK  the  velocities  are, 

A,  20  miles  per  hour, 

B,  40  Ailes  per  hour. 

In  other  words,  the  velocity  of  a  body  (which  may  be  defined  as  the  distance  passed 
over  in  a  given  time)  U  invertely  sm  the  time  required  to  pa^s  over  a  given  distance. 

(d)  By  vmit  Tvloet^  is  meant  that  velocity  whtoh,  by  oommon  consent,  is  taken 
as  equal  to  smUv  or  one.  Where  English  measures  are  used,  the  unit  velocity  gen- 
erally adopted  in  the  study  of  Mechanics  is  1  foot  per  second. 

(•)  When  we  say  that  a  body  bus  a  velocity  of  20  miles  per  hotir,  or  10  feet  per 
second,  etc..  we  do  not  imply  that  it  will  necessarily  travel  20  miles,  or  10  feet,  ete. ; 
Ibr  it  may  not  have  suCBcicnt  time  for  that  We  mean  merely  that  it  is  traveling  at 
the  rate  of  20  milee  per  hour,  or  10  feet  per  second,  etc. ;  so  that  ifU  continued  to  move 
at  that  same  rate  for  an  hour,  or  a  second,  etc.,  it  would  travel  20  miles,  or  10  feet  etc 

(t)  When  velocity  increcwea  it  to  said  to  be  aoeelerated.  When  it  decreases. 
it  is  said  to  be  retarded.  If  the  acceleration  or  retardation  is  in  exact  proportion 
to  the  time ;  that  is,  when  dorino:  any  and  every  equal  interval  ef  time,  the  same  degree 
ot  change  takes  place,  it  is  uniformly  accelerated,  or  retarded.  When  otherwise,  the 
words  varioMe  and  variably  are  used. 

(c)  A  body  may  have,  at  the  same  time,  ti^o  or  more  Independent  veloei- 
tiMi  requiring  to  be  considered.    For  instance,  it  ball  fired  vertically  upward  firom  a 
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Sn,  and  then  fatltng  agaia  to  tbe  earth,  ha«.  dnrins  the  whole  ttme  of  its  riio  and 
1,  (lit)  the  mmiform  upward  Telocity  with  which  it  leaves  the  macsle,  and  (2nd)  the 
oontinaally  aoedtrcUed  downward  Telocity  given  to  it  by  gravity,  which  act*  upon  it 
dnring  the  whole  time.  Its  rttuUcud  (or  apparent)  reloci^  at  any  moment  is  the 
df^erenee  between  these  two. 

Thus,  immediately  after  leaving  the  gnn.  the  downward  velocity  given  by 
gravity  is  very  small,  and  the  resultant  velocity  ia  therefore  upward  and  very 
nearly  equal  to  the  whole  upward  velocity  due  to  the  powder.  But  after  awhile 
the  downward  velocity  (by  constantly  iDcreasing)  becomes  equal  to  the  upward 
veloci^;  »'.  «.,  thefr  difference,  or  the  resultant  velocity,  becomes  nothing;  the  ball 
at  that  instant  stands  still ;  but  its  downward  velocity  continues  to  increase,  and 
immediately  becomes  a  little  greatf  r  than  the  upward  velocity ;  then  greater  and 
greater,  until  the  ball  strikes  the  ground.    At  that  instant  its  resultant  veloci^  is 


/the  downward  vHocity  which  it  would  )  (  the  tin  form  upward 
<  have  acquired  bv  falling  during  the  f-  -^  <  velocity  given  by  the 
(.         whoUtimeof  iUrUeandfaU.  }         (^  powderr 


We  have  here  neglected  the  resistance  of  the  air,  which  of  coarse  retards  both 
tile  ascent  and  the  descent  of  the  ball.  , 

(h)  As  a  farther  illustration,  r^ard  a  6  n  e  as  a  raft  drifting  in  tbe  direction 
e  a  or  n  6.    A  man  on  the  raft  walks  with  uniform  velocity  from  comer  n  Xa 
corner  c  while  the  raft  drifu  (with  a  uniform  velocity  a  ' 
little  greater  than  that  of  the  man)  through  tbe  distance  n  b.  r£\ 

Therefore,  when  the  man  reaches  corner  c,  that  corner  has  V^:'^^ 

moved  to  the  point  which,  when  he  started,  was  occupied  by  /fff"^* 

c.    The  man's  resultant  motion,  relatively  to  the  bea  of  tbe  /     ;        / 

river  or  to  a  point  on  shore,  has  therefore  been  n  a.    His         /        j.    / 

motion  at  right  angles  to  n  a.  due  to  his  walking,  is  i  c,  but       ®^-v. -ix,/ 

that  due  to  the  drifting  of  the  raft  is  o  6.    These  two  are  *'"•.[•"' 

equal  and  opposite.     Hence  his  resultant  motion  at  right  ft 

anples  to  n  a  is  nothing ;  he  does  not  move  from  the  line  n  a. 
His  walking  moves  him  through  a  distance  equal  to  n  «,  in  the  direction  n  a; 
and  the  drifting  through  a  distance  equal  to  %  a,  and  the  sum  of  these  two  isn  a. 

(1)  All  the  motions  which  we  see  given  to  boilies  are  but  change  in  their  unknown 
thaoUUe  motions.  For  convenience,  we  may  coafine  our  attention  to  some  one  or 
more  of  these  changes,  neglecting  others. 

Thus,  in  tbe  case  of  the  ball  fired  upward  from  a  gun  (see  {g)  above)  we  may 
nesrlect  its  uniform  upward  motion  and  consider  only  its  constantly  accelerated 
downward  motion  under  the  action  of  gravity ;  or,  as  is  more  usual,  we  msy  consider 
only  the  retuUant  or  appareid  motion,  which  is  first  upward  and  then  downward.  In 
both  cases  we  neglect  the  motions  of  the  ball  caused  by  the  several  motions  of 
the  earth  in  space. 

Art.  S  (a).  Force,  tbe  cstuae  ot  olutnge  of  naotiOM.  Suppose  a 
perfectly  smooth  ball  resting  upon  a  perfectly  hard,  frictionless  and  UyA  surlaos^ 
and  suppose  the  resistance  of  the  air  to  be  removed.  In  order  tu  merely  move  the 
ball  horiaontally  (i.  e.,  to  set  it  in  motion — to  change  its  state  of  motion)  some /orce 
mast  act  upon  it.  Or,  if  such  a  ball  were  already  in  motion,  we  conld  not  retard 
or  hasten  it,  or  turn  it  from  its  path  without  exerting  force  upou  it.  For,  as  stated 
in  Ne^rton'a  first  I«i^  of  motion,  ^'ewerjr  bodjr  oontlimea  In  Ate 
•tate  of  rest  or  of  motion  in  a  utraight  line,  except  in  so  far  as  it  may  be  com- 
pelled by  impressed  forces  to  change  that  state."  On  the  other  hand,  if  a  force  acts 
upon  a  body,  the  motion  of  the  body  must  undergo  clumge. 


(b)  Force  la  an  action  betireen  tiro  bodlea,  tendlnc 
separate  tbem  or  to  brings  tbeni  closer  tof^tber.  For  Tns 

a  stone  falls  to  the  ground,  we  explain  the  Uct  by  saying  that  a  force  (tt 


eltber  to 

Tnstanoe.  when 
>  (the  attraction 
of  gravitation)  tends  to  draw  the  earth  and  the  stune  togethec. 

Maimetic  and  electric  attraction,  and  the  cohesive  force  between  the  particles  of  a 
body,  are  other  instances  of  attractive  force. 

(c)  Force  applied  by  contact.  In  nracUce  we  apply  force  to  a  body  (B) 
by  causing  contact  between  it  and  another  body  (A)  which  has  a  tendency  to  motioQ 
toward  B.  A  r«pu2nv«  force  is  thus  called  into  action  between  the  two  bodies  (i9 
some  way  which  we  cannot  understand),  and  this  force  pushes  B  forward  (or  in  ns 
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direotfon  of  A's  tendency  to  more)  nnd  pnahee  A  teckward.  thv*  dlmim§km(f  iti  for* 
ward  tendency.* 

If,  for  instaoce,  a  stone  be  laid  upon  the  grouud,  it  t**ndi  to  nuyre  downward,  but 
doee  DOC  do  so,  because  a  repulsiTe  force  pushes  it  and  the  earth  apart  just  as  hard  m 
the  force  of  gra-rity  tends  to  draw  them  together. 

Similarly,  when  we  attempt  to  lift  a  moderate  weight  with  our  hand,  we  do  so  by 
giTing  the  hand  a  tendency  to  move  upward.  If  the  hand  slips  from  the  wetghi^ 
this  tendency  moves  the  hand  rapidly  upward  before  our  will  ibroe  can  check  it. 
But  otherwise,  the  repulsiTe  furce,  generated  by  contact  between  the  hand  (tending 
upward)  and  the  weight,  moves  the  latter  upward  in  spiie  of  the  force  of  graritj, 
and  pushes  the  hand  downward,  depriving  it  of  much  of  the  upward  velocity  which 
it  would  otherwise  have.  It  is  perhaps  chiefly  firom  the  effort ,  of  which  we  are 
conscious  in  such  oasep,  that  we  derive  our  notions  of  "toree." 

When  a  moving  billiard  ball.  A,  strikes  another  one,  B,  at  rest,  the  tendency 
of  A  to  continue  moving  forwMrd  is  reidsted  by  a  repulsive  f(4%e  acting  between  K 
and  B.  This  force  pushes  B  forward,  and  A  backward,  retarding  its  former  veloci^. 
As  explained  in  Art.  23  (a),  the  repulsive  force  does  not  exist  in  either  body 

until  the  two  meet. 

(d)  The  repulsive  force  thus  generated  by  contact  between  two  bodies,  continues  to 
act  only  so  long  as  they  remain  in  contact,  and  only  so  long  as  they  tend  (from 
some  extraneous  cause)  to  come  closer  together.  But  it  is  generally  or  always 
accompanied  by  an  additional  repulsive  force,  due  to  the  compre$tion  of  the  particles 
of  the  bodies  and  their  tendency  to  return  to  their  original  positions.  This  ekuUe 
repulsive  force  may  continue  to  act  after  the  tendency  to  compression  has  ceased. 

(•)  Foree  m/ctm  eitlker  «•  a  pmll  or  as  a  pvab.  Thus,  when  a  weight 
is  suspended  by  a  hook  at  the  end  of  a  rope  gravity  ^«iU«  the  weight  downward,  the 
weight  pushei  the  hook,  aod  the  hook  pulls  the  rope,  each  of  these  ections  being 
accompanied,  of  course,  by  its  corresponding  snd  opposite  **  reaction.'*  When  two 
bodies  collide,  each  pushes  tiie  other,  genentlty  for  a  very  short  time. 

(<)  S^quallty  or  action  smd  reaetlon.  A  force  always  exerts  itself  9quaUif 
upon  the  two  bodies  between  which  it  acts.  Thus,  the  force  (or  attraction)  <n 
gravitation,  acting  between  the  earth  and  a  Hone,  draws  the  earth  upward  Just  as 
hard  as  it  draws  the  stone  downward ;  and  the  repulsive  force,  acting  between  a 
table  and  a  stone  resting  upon  it,  imshes  the  table  and  t)ie  earth  downward  just  as 
hard  as  It  pushM  the  stone  vpward.  This  is  the  fkot  expressed  by  Ncvprton'a 
third  lavPT  of  motion^  that  ^to  every  action  there  is  always  an  equal  and 
contrary  reaction."     For  measures  of  force,  see  Arts.  11, 12, 13. 

If  a  cannon  ball  in  its  flight  cnte  a  leaf  from  a  tree,  we  say  that  the  lea/  has  reacted 
against  the  baU  with  precisely  tlie  Mtme  force  with  which  the  ball  acted  against  th« 
leaf.  That  degree  of  force  was  sufficient  to  cut  off  a  leaf,  but  not  to  urrest  the  ball. 
A  ship  of  war,  in  running  against  a  canoe,  or  the  fist  of  s  pugilist  striking  his 
opponent  in  the  face,  receives  as  violent  a  blow  as  it  gives ;  but  the  same  blow  that 
vrill  upset  or  sink  a  canoe,  will  not  appreciahly  affect  the  motion  of  a  ship,  and  the 
blow  which  may  seriously  damage  a  nose,  mouth,  or  eyes,  may  have  no  such  effect 
upon  hard  knuckles. 

The  resistance  which  an  abutment  opposes  to  the  pTessure  of  an  arch ;  or  a  retahi- 
ing-wall  to  the  pressure  of  the  eartii  b^ind  it,  is  no  greater  than  those  pressures 
themselves ;  but  the  abutment  and  the  wall  are,  for  the  sake  of  safety,  made  oavabU 
of  sustaining  much  ^eater  pressures,  in  case  accidental  circumstances  should  pro- 
duce such. 

(g)  In  most  practical  cases  "vre  l&ave  to  consider  only  one  of  the  two  bodies 
between  which  a  force  acts.  Hence,  for  convenience,  we  commonly  speak  as  if  the 
force  were  divided  into  ttoo  equal  and  opposite  forces  one  for  each  of  the  two  bodies, 
and  confine  our  attention  to  one  of  the  bodies  and  the  force  acting  upon  it,  neglect- 
ing the  other.  Thus  we  may  speak  of  the  force  of  steam  in  an  engine  as  acting 
upon  the  pidon,  and  neglect  its  equal  and  opposite  pressure  against  the  head  of 
the  cylinder. 

(li)  That  point  of  a  body  to  which,  theoretically,  a  force  is  applied,  is  called  the 
point  ot  application.  In  practice  we  cannot  apply  force  to  a  point,  according 
to  the  scientific  meaning  of  that  word ;  but  have  to  apply  it  distributed  over  an  ^h 
preciable  area  (sometimes  very  large)  of  the  surface  of  the  body. 

*  We  ordinarily  express  all  this  by  saying  simply  that  A  pushes  B  forward,  and  thit 
is  snfBciently  exact  for  practical  purpoees ;  but  it  is  well  to  recognize  that  it  in  merely 
a  convenient  expression  and  does  not  fully  state  the  facti^  and  that  every  force  neott- 
MorUif  constats  of  two  equal  and  opposite  pulls  or  pushes  exerted  between  two  bodies. 
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For  the  present  we  shall  assume  that  the  line  of  action  of  the  force  y 

through  the  center  of  gravity  of  the  body  and  forms  a  right  angle  with  the  surw 
fooe  at  the  point  of  application. 

Art.  7  («).  Acceleration.  When  an  unresisted  force,  acting  upon  a  body, 
sets  it  in  motion  (t.  «.,  giTes  it  Telocity)  in  the  direction  of  the  furce,  this  Telocity 
increa*e$  as  the  force  continues  to  act;  each  equal  interval  uf  time  (if  the  force 
remains  constant)  bringing  its  own  equal  increasd  of  velocity. 

Thus,  if  a  stone  be  let  Ml,  the  force  uf  gravity  gives  to  iL  in  the  first  iu- 
conceivably  short  interval  of  time,  a  small  Telocity  downward,  in  the  next  equal 
interval  of  time,  it  adds  a  second  equal  velocity,  and  so  on,  so  that  at  the  end  of 
the  second  interval  the  velocity  of  the  stone  is  twice  as  great,  at  the  end  of  the 
third  interval  three  tiiues  as  great,  as  at  the  end  of  the  first.oue,  and  so  on.  We 
may  divide  the  time  into  as  small  equal  intervals  as  we  please.  In  each  such 
interval  the  constant*  force  of  gravity  gives  to  the  stone  an  equal  increase  of 
velocity. 

Such  Increase  of  velocity  is  called  aqceleration.f  When  a  body  is  thrown  Tertically 
upioard,  the  downw^ard  acceleration  of  graTi  y  appears  as  a  retardation  of  the  upwanl 
morion.  When  a  force  thxu  acts  againtt  the  mution  under  consideration,  ifat  accelera- 
tion is  called  negcUivt. 

Art.  8  (a).  The  rate  ot  acceleration  f  is  the  acceleration  which  takes 
place  in  a  given  time,  as  one  second. 

rb)  The  unit  rate  of  acceleration  is  that  which  adds  unit  of  velocity  in  a 
unit  of  time;  or,  where  Eogliih  measures  are  used,  one  foot  per  second,  j»er  ieootuL 

(c)  For  a  given  rate  of  acceleration,  the  total  accelerations  are  of  course  proper 
tional  to  the  times  during  which  the  Telocity  increases  at  that  rate. 

Art.  9  (a).  lia^v^s  ot  acceleration.  Suppose  two  blocksof  iron,  one  fwhich 
we  will  call  A^  twice  as  large  as  the  other  (a),  placed  each  upon  a  perfectly  frictionle« 
and  hori2sontal  plane,  so  that  in  moTing  them  horizontally  we  are  omraeed  by  no  force 
tending!;  to  hold  them  still.  Now  apply  to  each  Mock, 

through  a  spring  balance,  a  puU  such  as  will  keep  the  pointer  of  each  balance  always 
at  the  same  mark,  as,  for  instance,  constantly  at  2  in  both  balances.  We  thus  have 
equal  forces  acting  upon  unequal  masses.^  Here  the  rate  of  acceleration  of  a  is 
double  that  of  A ;  for  "vrlien  the  foroen  are  equal  the  rates  ot  sMcelera* 
ration  are  inverseljr  sui  the  nuutsea. 

In  other  words,  in  one  second  (or  in  any  other  giTen  time)  the  small  block  of  Iron, 
a,  will  acquire  twice  the  increase  of  Telocity  that  A  (twice  as  large)  will  acquire;  so 
that  if  both  blocks  start  at  the  same  time  from  a  state  of  rest,  the  smaller  one,  o,  vrill 
haTe,  at  the  end  of  any  giTen  time,  twice  the  velocity  of  A,  which  has  twice  its  mass. 

(to)  Again,  let  the  two  masses.  A  and  a,  be  equal,  but  let  the  force  exerted  upon  a 
be  twice  that  exerted  upon  A.  Then  the  rate  of  acceleration  of  a  will  (as  before)  be 
twice  that  of  A ;  for,  -vrhen  the  masses  are  equal,  the  rates  of  SM^celers^ 
ration  are  directly  as  the  forces. 

(o)  We  thus  arriTe  at  the  principle  that,  in  any  case,  the  rate  of  acceleration 
is  dlrecUy  proportional  to  the  force  and  inwerselw  proportionsa 
to  the  mass.  #  <-     <- 


*  We  here  speak  of  the  force  of  graTity,  exerted  in  a  glTen  place,  as  constant, 
r>ecause  it  is  so  for  all  practical  purposes.  Strictly  speaking,  it  increases  a  Tory  little 
as  the  stone  approaches  the  earth. 

t  Since  the  rai».  of  acceleration  is  generally  of  greater  consequence,  in  Mechanics, 
than  the  totaJ  acceleration,  or  the  "acceleration"  proper,  scientific  vniters  (for  the 
sake  of  breTity)  use  the  term  **  acceleration "  to  denote  that  rate,  and  the  term 
"totaZ  acceleration*'  to  denote  the  total  increase  or  dtHsrease  of  Telocity  occurring 
during  any  giTen  time.  Thus,  the  rate  c>1  acceleration  of  graTity  (about  32.2  ft.  per 
second  per  second)  is  called,  simply,  the  "acceleration  of  graTity."  As  we  shall  not 
haTe  to  use  either  expression  Tery  frequently,  we  shall  generallT.  to  aToid  miaappro- 
henslon,  giTe  to  each  idea  its /uM  name;  thus,  "total  acceleration"  for  the  whoU 
change  of  velocity  in  a  giTen  case,  and  "  rate  of  acceleration  "  for  the  rate  of  that 
chanc''. 

1  The  mass  of  a  body  Is  the  quantity  of  matter  that  it  contains. 
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(d)  R6iic«,  If  we  make  the  two  fbroM  pn^ortloiiAl  to  tho  two  Miwei,  tto  niM 
tf  Moeleration  will  b«  equal ;  or,  fbr  a  flftren  rate  of  ••••ientttont  tk* 
forces  ntuMt  be  dlrevtljr  aa  tike  maMes. 

(e)  Hence,  also,  a  greater  force  is  required  to  Impart  a  given  Teloci^[  to  a  glren 
body  in  a  short  time  than  to  impart  the  name  velocity  in  a  longer  time.  For  instance, 
the  forward  couplinic  links  of  a  long  train  of  cars  would  snap  instantly  under  a  puH 
sufficient  to  give  to  the  train  in  two  seconds  a  velocity  of  twenty  milM  per  hour,  6up> 
poaing  a  sufficiently  powerAil  locomotive  to  exist  In  many  such  cases,  therefore,  we 
mve  to  be  contented  with  a  slow,  instead  of  a  rapid  acceleration. 

▲  string  may  safely  sustain  a  w^ght  of  one  pound  suspended  from  our  hand.  If 
we  wish  tn  impart  a  great  upward  velocity  to  the  weight  im  a  verg  short  (tm«,  we  evi- 
dently can  do  so  only  by  exerting  upon  it  a  great  force;  in  other  words,  by  Jerking 
the  string  violently  upward.  But  if  the  string  has  not  tensile  strength  sufficient  le 
transmit  this  force  from  our  hand  to  the  weight,  it  will  break.  We  might  safely 
give  to  the  weight  the  desired  velocity  by  applying  a  le$$  foro€  during  a  U>nger  time. 

(t)  When  a  stone  falls,  the  force  pulling  the  earth  upward  is  (as  remarked  above) 
equal  to  that  which  pulls  the  stone  downward,  but  the  mau  of  the  earth  is  m  vastly 
grtater  than  that  of  the  stone  that  its  motion  is  totally  imperceptible  to  us,  and 
would  still  be  so.  even  if  it  were  not  counteracted  by  motions  in  other  directions 
In  other  parts  of  the  earth.  Hence  we  are  pracUcaVy^  though  not  abaoMdy.  right 
when  we  ssy  that  the  earth  remains  at  rest  while  the  stone  falls. 

(g)  But  in  the  case  of  the  two  billiard  balln  (Art  5  c  p.  888),  we  can  clearly  see 
the  result  of  the  action  of  the  force  upon  each  of  the  two  bodies;  for  the  second 
ball,  B,  which  was  at  rest,  now  moves  forward,  while  the  forward  velocity  of  the 
first  one.  A,  Is  diminished  or  destroyed,  its  backward  motion  thus  appearing  at  * 
rwtardation  of  ItB  forward  motion.  And,  (since  the  same  fo^  acts  upon  both  balls) 
mass  .  mass  . .  rate  of  acceleration  .  rate  of  negative  acceleration 
ofA'ofB"  ofB  ofA 

or  (since  the  force  acts  for  the  same  time  upon  both  balls) 

mass      mass     .  forward  velocity  .  loss  of  forward  velocity 
of  A  •    of  B  ••  OfB  •  of  A 

(b)  BxMAaK.  A  man  cannot  I^  a  weight  of  fO  tons;  but  if  it  be  placed  upoB 
propw  fHction  toilers,  he  can  more  it  horizontally,  as  we  see  In  some  drawbridges, 
ramtables,  Ac ;  and  If  fHction  and  the  resistance  of  the  air  could  be  entirely  removed, 
he  could  move  it  by  a  single  breath;  and  it  would  continue  to  move  forever  after  tibe 
force  of  the  breath  had  ceased  to  act  upon  it.  It  would,  however,  move  very  slowly, 
because  the  force  of  the  single  breath  would  have  to  diffuse  itself  among  20  tons  of 
matter.  He  can  move  it,  if  it  be  placed  in  a  suitable  vessel  In  water,  or  if  siupended 
ttom  *  long  tope.  A  powerful  locomotive  that  may  move  2000  tons,  cannot  lift  10  tons 
verticallT. 

If  we  Imagine  two  bodies,  each  as  large  and  heavy  as  the  earth,  to  be  precisely 
baUmced  In  a-  pair  of  scales  without  fKction,  a  single  grain  of  sand  added  to  either 
scale-pan,  would  give  motion  to  both  bodies. 

Art.  10  («).  The  constant  force  of  gravity  is  a  uniformly  accelerating  force 
when  it  acts  upon  a  body  falling  ftreely  ;  for  it  then  Increases  the  velocity  at  the  uni- 
form rate  of  .322  of  a  foot  per  second  during  every  hundredth  part  of  a  second,  or  32.2 
feet  per  second  In  every  second.  Also  when  it  acts  upon  a  body  moving  down  an  in- 
clined plane;  alth<mgh  in  this  case  the  Increase  is  not  so  rapid,  because  it  is  caused 
hy  only  a  part  of  the  gravity,  while  another  part  presses  the  body  to  the  plane,  and  a 
third  part  overcomes  the  friction.  It  is  a  uniformly  retarding  force,  upon  a  body 
tiirown  vertically  upward;  for  no  matter  what  may  be  the  velocity  of  the  body 
when  projected  upward,  it  will  be  diminished  .322  of  a  f(K>t  per  second  in  each 
hundredth  part  of  a  second  during  Its  rise,  or  82.2  feet  per  second  during  each 
entire  second.  At  least,  such  would  be  the  case  were  It  not  for  the  varying  resistance 
of  the  sdr  at  different  velocities.  It  is  a  uniformly  straining  force  when  It  causes  a 
body  at  rest,  to  prees  upon  another  body ;  or  to  pull  upon  a  string  by  which  it  Is 
sospraded.  Tha  forgoing  expressions,  like  thoee  of  momentum,  strain,  push,  pull, 
Itfk,  work,  Ac,  do  not  indicate  different  kinds  of  force ;  but  merely  different  kinds  of 
f^eete  produced  by  the  one  grand  principle,  force. 

(b)  The  above  32.2  feet  per  second  is  called  the  aceeleratlon  of  e^rawltr  9  <^°d 
bj  scientific  writers  Is  conventionally  denoted  by  a  small  g  $  or,  more  correctly  Q>eak- 
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lag',  efnce  the  acceleratioii  is  not  precisely  the  same  fit  all  parte  of  the  earthy  n 
denotes  the  acceleration  per  second,  whatever  it  may  be,  at  Any  particular  place. 

Art.  11  (a).  Relation  beti^een  force  and  mass.  The  mass  of  a  body 
is  the  quantity  of  matter  which  it  contains.  One  cubic  foot  of  water  has  tu>ie§ 
as  great  a  mass  as  fialf  a  cubic  foot  of  water,  but  a  less  mass  than  one  cublo 
foot  of  iron.  Thus,  the  size  of  a  body  is  a  measure  of  mass  between  bodief 
of  the  same  material,  but  not  between  bodies  of  different  materials. 

(b)  When  bodies  are  allowed  to  fall  freeljr  in  a  vacuum  at  a  giren  place, 
they  are  found  to  acquire  equal  velocities  in  any  given  time,  of  whatever 
different  materials  they  may  be  composed.  From  this  we  know  (Art.  9  (d), 
p.  885),  that  the  forces  moving  them  downward,  viz.:  their  respective  ioeighu 
at  that  place,  must  be  proportional  to  their  masses. 

Thus,  in  any  given  place,  the  wei{fht  of  a  bodv  is  a  perfect  measure  of  its  mass* 
But  the  xoeight  of  a  given  body  changes  when  the  body  is  moved  from  one  level 
above  the  sea  to  another,  or  from  one  latitude  to  another;  while  the  mass  of 
the  body  of  course  remains  the  same  in  all  places.  Thus^a  piece  of  iron  which 
weighs  a  pound  at  the  level  of  the  sea,  will  weigh  less  than  a  pound  by  a  spring 
balance,  upon  the  top  of  a  mountain  close  by.  because  the  attraction  between 
the  earth  and  a  given  mass  diminishes  when  the  latter  recedes  from  the  earth's 
center.  Or  if  tne  piece  of  iron  weighs  one  pound  near  the  North  or  Soutii 
Pole,  it  will,  for  the  same  reason,  weigh  less  than  a  pound  by  a  spring  balance 
if  weighed  nearer  to  the  equator  and  at  the  same  level  above  the  sea. 

The  diff'erence  in  the  weight  of  a  body  in  different  localities  is  so  slight  as 
to  be  of  no  account  in  questions  of  ordinary  practical  Mechanics;*  but 
toientifio  exactness  requires  a  measure  of  mass  which  will  give  the  same 
expression  for  the  quantity  of  matter  in  a  given  body,  wherever  it  may 
be;  and,  since  weighing  is  a  very  convenient  way  of  arriving  at  the  quantity 
of  matter  in  a  body,  it  is  desirable  that  we  should  still  be  able'to  express  the 
mass  in  terms  of  the  weight.  Now,  when  a  given  body  is  carried  to  a  higher 
level,  or  to  a  lower  latituae,  its  loss  of  weight  is  simply  a  decrease  in  the /ores 
with  which  gravity  draws  it  downward,  and  this  same  decrease  also  causes 
a  decrease  of  the  velocity  which  the  body  acquires  in  falling  during  any 
given  time.  The  change  in  velocity,  by  Art.  9  (6),  p.  334,  is  necessarily  propor- 
nonal  to  the  change  in  weight 

Therefore,  if  the  weight  of  a  body  at  any  place  be  divided  by  the  velocity 
which  gravity  imparts  in  one  secona  at  the  same  place  (and  called  Sy  or  the 
aeceleraUon  of  gravity  for  that  place),  ^q  quotient  will  be  tne  same  at  aU  plaoei^ 
and  therefore  serves  as  an  invariable  measure  of  the  mass. 

(c)  By  common  consent,  the  nnlt  ot  nuuMy  in  scientific  Meclumics,  is  said 
to  be  that  quantity  of  matter  to  which  a  unit  of  force  can  give  unit  rate  of 
acceleration.  This  unit  rate,  in  countries  where  English  measures  are  used, 
is  one  foot  per  second,  per  second.  It  remains  then  to  a4JU8t  the  units  of  fores 
and  of  mass.  Two  methods  (an  old  and  a  new  one)  are  in  use  for  doing  this. 
Wd  shall  refer  to  them  here  as  methods  A  and  B  respectively. 


fd)  In  method  A.  still  generally  used  in  questions  of  statics,  the  ^axu» 
or  force  is  fixed  as  that  force  which  is  equal  to  the  weight  of  one  pound  in  a 
certain  place;  i.  e..  the  force  with  which  the  earth  at  that  place  attracts  a 
certain  standard  piece  of  platinum  called  a  pound ;  and  the  unit  of  mass  is 
not  this  standard  piece  of  metal,  but,  as  stated  in  (c),  that  mass  to  which  this* 
unit  force  of  one  pound  gives,  in  one  second,  a  velocity  of  one  foot  per  second. 
Now  the  one  pound  attraction  of  the  earth  upon  a  mass  of  one  pound  will 
(Art.  1,  p.  330)  in  one  second  give  to  that  mass  a  velocity  —  p  or  about  82  feet 
per  second;  and  (Art  9  (a),  p.  334),  for  a  given  force  the  masses  are  inversely  as 
ue  velocities  imparted  m  a  given  time.  Therefore,  to  give  in  one  second  a 
Telocity  of  only  one  foot  per  second  (instead  of  g  or  about  82)  the  one  ponnd 
nnit  of  force  would  have  to  act  upon  a  mass  g  times  (or  about  82  times)  that 
which  weighs  one  pound. 

This  could  be  accomplished,  with  an  Attwood's  machine.  Art  16  (c),  p.  880, 
by  making  the  two  equal  weights  each  — 15  )^  lbs.  and  the  third  weight  —  1  Ih. 

•The  greatest  discrepancy  that  can  occur  at  various  heights  and  latitudes, 
by  adopung  weight  as  the  measure  of  quantity,  would  not  oe  likely  to  excma 
1  in  800 ;  or,  under  ordinary  circumstances,  1  m  1000. 
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By  method  A,  therefbre,  the  unit  of  msan  ia  g  times  (or  About  99  timee)  fhe 
mass  of  the  standard  piece  ot  metal  ealled  a  pound;  i.  e^  a  body  containing 
one  such  unit  of  mass  weighs  g  lbs.  or  about  32  lbs. ;  or,  "hy  inef  Ikod  A» 

the  wetghi  of  any  given  body  _  -  y  the  masM  of  the  body, 
in  lbs.  ^^      in  units  of  mass. 

Or. 

the  mass  of  a  body,  in  units  of  mass  -  the  weight  of  the  body,  in  pounds 

For  instance: 

In  a  body  weighing  the  mass  is  about  * 

y^  pound  JL  unit  of  mass 

,    «  A    -    - 

82        -  I        u       H 

64        *  2        a        • 

It  has  been  suggested  to  call  this  unit  of  mass  a  **Matt'' 

(•)  Ia  medftfocl  By  the  mas8  of  the  standard  pound  piece  of  platinum  is  taken 

as  the  itntt  of  mass  and  is  called  a  poandi  and  the  force  which  will  jgive 

to  it  in  one  second  a  velocity  of  one  foot  per  second  is  taken  as  the  unit  of  jSree, 

This  small  unit  of  force  is  called  a  poiuidal*    In  order  that  it  may  in  one 

second  give  to  the  mass  of  one  pouna  a  velocity  of  only  one  foot  per  seoond,  it 

must  (by  Art  f  |),  be  —-.  Tor  about  Jy )  of  the  wetghi  of  said  pound  mass. 

Hence,  "by  aaeUukl  By 

the  man  of  any  given  body,  in  pounds  -  the  loeight  of  the  body  in  poundaU 

9 
and 

the  weiijht  of  a  body,  in  pomndaU  ^gX  the  mats  of  the  body  in  ptmndi. 

For  instar-oe: 

in  a  body  weighing  .  the  mass  of  the  body  is  about 

^  poni»dal  —  ^  pound  ^  pound 

2       ** 

{t)  For  convenlenee,  we  sometimes  disregard  the  scientific  require- 
ment that  the  unit  of  force  must  be  that  which  will  give  unit  rate  of  accele- 
ration to  unit  mass,  and  take  a  pound  of  matter  as  our  unit  of  masst  &n(i  ft 
pound  toeight  as  our  unit  ot  force.  Our  unit  of  force  will  then  in  one  second 
give  a  velocity  of  g  (or  about  32.2  feet  per  second)  to  our  unit  of  mass.  In 
Statics,  we  are  not  concerned  with  the  masses  of  bodies,  but  only  with  the 
forces  acting  upon  them,  including  their  weights. 

Art*  19  (»)•  Impulse.  By  taking,  as  the  unit  of  force,  that  force  which.  In 
one  second,  will  give  to  unit  mass  a  velocity  of  one  foot  per  second,  we  have 
(by  Art  9,  p.  334),  in  any  case  of  unbalanced /ores  acting  upon  a  mass  during  a 
given  ttms: 

Velocity    -      fo"^«  X  «"»«       .  .  .  (i) 
•^  mass 

Force       -   ISlS^^ZJLSm  ...  (2) 

time 

Mm.        -     .fo^'^Xtlme  ^ 

velocity 

Time        -    niass  X  Teloci^  ^^ 

force  ^^ 


2 

M 

-A 

82 

M 

—     1 

64 

M 

-  2 

Force  X  time  —  mass  X  velocity.    ...  (6) 
22 
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To  the  ptodaei  force  X  time,  in  equation  (5),  writers  dow  glTe  the 

Impnleey  n^ch  was  formerly  given  to  eolUaUm  (now  called  lmp««t;).     See 

Art  24  (aX  The  term  impulae^  as  now  used,  conveys  merely  the  idea 

of  force  acting  through  a  certain  length  of  time.  Equation  (6)  tells  us  that  an 
impulse  (tlie  product  of  a  force  by  the  time  of  its  action)  is  numerically  equal 
to  the  momentum*  which  it  produces.  E(iuation  (2)  tells  us  that  any  force  ia 
numericallv  equal  to  the  momentum  which  it  can  produce  in  one  second.  In 
other  words,  the  naomentima  of  a  body  moving  with  a  given  velocity  is 
numerically  equal  to  the  force  which  in  one  second  can  produce  or  desnroy 
that  velocity  in  that  body;  or,  a  force  is  numerically  equal  to  the  rate  per 
sebondet  which  it  can  produce  momentum.  Thus,  forces  are  proportional  to 
the  momentums  which  they  can  produce  in  a  given  time;  or,  in  a  given  time^ 
equal  forces  produce  equal  momentums.  Therefore  a  force  must  always  give 
equal  and  opposite  momentums  to  the  two  bodies  between  which  it  acts. 

Axt*  13  (a).  Tike  naval  "wmy  of  meaanrini;  a  force  is  by  ascertaining 
the  amount  of  some  other  force  which  it  can  counteract  Thus  we  may  meas- 
ure the  weight  of  a  body  by  hanging  it  to  a  spring  balance.  The  scale  of  the 
balance  then  indicates  the  amount  of  tension  in  the  spring:  and  we  know  thai 
the  weight  of  the  body  is  equal  to  the  tension,  because  the  weight  Just  pre 
vents  the  tension  from  drawing  the  hook  upward. 

Thus,  fbreea  are  con-rcnlentl^  exprcaaed  In  i^relglktay  as  ia  pounds, 
tons,  ^.,  and  they  are  generally  so  measured  in  Statics,  and  in  oar  loUowlag 
articles. 

(b)  A  force  maw  be  oonatant  or  wmrlalile.  When  a  stone  rests  npon 
the  ground,  the  pull  ot  gravity  upon  it  (i. «.,  its  weight)  remains  constant^ 
neither  increasing  nor  decreasing.  But  when  a  stone  is  thrown  upward  its 
weight  decreases  very  slightiy  as  it  recedes  fi*om  the  earth,  and  again  increases 
as  it  approaches  it  during  its  fall.  In  this  case,  the  force  of  gravity,  acting 
upon  the  stone,  decreases  or  increases  eteadily,  put  a  force  may  change 
euddenlyt  or  irregularly,  or  may  be  intermittent;  as  when  a  series  of  unequal 
blows  are  struck  by  a  hammer.  In  what  follows  we  shall  have  to  do  only  with 
forces  supposed  to  be  eonetanL 

Art.  14  (a).  Denaltf  •  The  denaittea  of  materials  are  proportional  to  the 
nuutee  contamed  in  a  given  volume,  as  a  cubio  inch :  or  invereely  as  the  volumg 
required  to  contain  a  given  mass.  Or,  since  the  weights  at  a  given  place  are 
proportional  to  the  masses,  the  densities  are  proportional  to  the  weights  per 
unit  of  volume  (or  **  specific  gravities  **)  of  the  materials.  Thus,  a  body  weigh- 
ing  100  lbs.  per  cubic  foot  is  twice  as  dense  as  one  weighing  only  60  lbs.  per 
cubic  foot  at  the  same  place. 

Art*  15  (a).  Inertia*  The  Inability  pf  matter  to  set  itself  In  motion,  or  to 
change  the  rate  or  direction  of  its  motion,  is  called  its  inertia,  or  inertness. 
When  we  say  that  a  certain  body  has  twice  the  inertia  (inertness)  of  a  smaller 
one,  we  mean  that  twice  the /ores  is  required  to  give  it  an  equal  rate  of  accele> 
ration ;  and  that,  since  all  force  (Art  5/),  acts  equally  in  both  direo> 

tions,  we  experience  twice  as  great  a  reaction  (or  so-called  **  resistance")  from 
the  larger  body  as  trom  the  smaller  one.  The  **  inertia**  of  a  body  is  therefore 
s  measure  of  the/ores  required  to  produce  in  it  a  given  rate  of  acceleration;  o^ 
which  is  the  same  thing,  it  is  a  measure  of  the  mass  of  the  body.  We  ma^ 
therefore  consider  ** inertia"  and  **mass**  as  identical. 

(b)  What  is  called  the  **  resistance  of  inertia**  of  a  body,  is  simply  Hm 
reaction,  (i,  e.,  one  of  the  two  equal  and  opposite  actions)  of  whatev&t 
force  we  apply  to  the  body.  Hence,  its  amount  depends  not  only  npon  the 
mass  of  the  Dody,  but  also  upon  the  rate  of  acceleration  which  we  chpoee  to 

*The  n&on&entnm  of  a  body  (sometimes  called  its  ** quantity  of  motion") 
is  equal  to  the  product  obtained  by  multiplying  its  mass  by  its  velocity.  If  wo 
adopt  the  pound  as  the  unit  of  mass,  as  in  **  method  B.**  Art.  11  (s),  the 

proauct,  loeight  in  powida  X  velocity,  is  numerically  either  exactly  or  nearly 
the  same  as  the  product  *»<m8  in  pounds  X  velocity,  depending  upon  whether 
or  not  the  body  is  in  that  latitude  and  at  that  level  where  a  mass  of  one  pound 
is  said  to  weigh  one  pound.  But  the  product  weight  in  poundaU  X  velocity  ia 
exactly  o  times  (about  32.2  times)  the  product,  moM  in  pounds  X  velocity;  also^ 
by**meaiod  A,**wc^A<inj>ound8  XTelocity^y  X  moMin  **flMaete**  X  Teloellr* 
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five  to  ik    Thflrefofe  weoannottell,  from  tb«  maMor  w«lght  of  *  body-  alone, 
what  its  "  r«ai8tauoo  of  ioertia  "  in  ooj  given  case  will  h%. 

Art.  16  (a).  Forces  In  opposite  dlreetloiiB.  When  two  equal  &nd 
opposite  forces  act  upon  a  body  at  the  same  time,  and  in  the  same  straight  line, 
wesay  that tbey  destroy  euch  other's  teadoncies  to moTe  the  body,  and  it  i-emains 
at  xest.  If  two  MMqual  forces  thus  aet  in  opposition,  tiie  smaller  force  and  an 
equal  portion  of  the  greater  one  are  said  to  oouuteract  each  other  in  the  same 
way,  but  the  remainder  of  the  greater  foree,  acting  as  an  unbalanced  or  unresisted 
foroe,  moves  the  body  in  its  own  direction,  as  it  would  do  if  it  were  the  only 
fin«e  acting  up(Mi  it. 

Thus,  when  we  move  bodies,  in  practice,  we  ^leounter  not  only  tbe  "resist 
anoe  or  inertia"  (».  e..  wo  itot  onlr  have  to  exen  force  in  order  to  move  inert 
matter),  but  we  are  also  opposed  by  other /oro«,  acting  asainst  us,  as  frictioa, 
the  resistance  of  tbe  air,  and,  often,  all  or  a  part  of  the  w^ki  of  the  body.  By 
**  resistances,"  in  the  following,  we  mean  such  resisting^bresf,  aud  do  not  include 
In  the  terra  the  "  resistance  of  itim-tia." 

(Il)  If  separated,  the  two  bodies,  A  and  B,  of  S  lbs  and  2  lbs  respectively,  would 

fian  with  equal  accelerations  »  g ;  each  unit,  — ,  of  mass  being  acted  upon  by  its 

own  weight,  W.    But.  connected  as  they  are,  A  will 

move  downward,  aud  B  upward,  with  an  aoueler-  T'2A 

ation  »  only  |;  for  now  an  unbalanced  force  of  •J         Te 

only  8  —  2  =  1  ft  must  give  acceleration  to  a  mass    m^oA  1«  a^ 

of  — ^  =  -.    But,  to  give  to  a  mass,  B,  of  -,  an 

accdof  |.  requires  a  force  of -.^»|lb»  0.4  lb.         3|l9  iji 

This,  plus  2  lbs  (required  to  balance  the  weifht  of  ^J^ 

B)  is  the  tension,  2.4  lbs  existing  throughout  the 

cord.    Exerted  at  A,  this  tension  balances  2.4  of 

the  8  lbs  weight  of  A,    The  remainder  (8  —  2.4  »  0.6  lb)  of  the  weight,  acting 

downward  upon  the  mass,  ^  of  A,  gives  to  it  the  required  acceleration  of  ^; 

for  he„  f^re;  „  as + -» - '-is  -  0.2  g  .  f. 

mass  g         8  ^6 

Or  we  may  regard  the  total  tension,  2.4  lbs,  in  the  oord  at  A,  as  aeting  upon  A 

and  giving  to  it  a  negative  or  upward  acceleration  of  2.4  •«-  -  =  0.8  g,  which, 

deducted  from  g  (the  acceleration  which  A  would  otherwise  have)  leaves 

Acceleration  »  g  —  0.8  g  »  0.2  g  »  |. 

Let  W«»  weight  of  A 
w  —  weight  of  B 

F  s  net  foree  available  for  acceleration  «  W  —  w 

W  +  w 

M  a  combined  mass  of  both  bodies  «■ 

g 

m  =»  mass  of  B  =  - 
g 
a   =«  acceleration 
T  «*  tension  in  oord. 
Then:    .=  j;  »  ^^_^j  ^  W^  _g_(W 


T»»w  +  ma  =  w  + 

(e)  An  **  Atwood's  Machine''  consists  essentially  of  a  pulley,  a  flexible 
oord  passing  over  the  pulley,  two  equal  weights  (one  suspended  at  each  end  of 
the  cord),  and  a  third  weight,  generally  much  lighter  than  either  of  tbe  other 
two.  The  two  equal  weights  oalance  each  other  by  means  of  the  pulley  aud 
oord.  The  third  weight  is  laid  upon  one  of  the  other  two  weights.  The  force 
of  gravity,  acting  upon  the  third  weight,  then  sets  the  masses  of  tbe  three 
weights  in  motion  at  a  small  but  const«ntly  increasing  velocity.  In  order  ^o  do 
this  it  must  also  ovoscome  the  friction  of  the  pulley  and  cord,  and  ^e  rigidity 
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of  the  Ifttter;  but,  as  these  are  made  as  slight  as  possible,  they  are,  for  oon* 
veDience,  neglected.  The  machine  is  used  for  illustrating  the  acceleration  given 
to  inert  matter  by  unbalanced  force,  and  forms  an  excellent  example  of  the  two 
distinct  duties  which  a  moving  force  generally  has  to  perform,  viz :  (1st)  the 
balancing  of  resistance,  and  (2nd)  acceleration. 

(d)  In  the  case  of  a  loeomotlve.  drawliiir  a  train  on  a  leTel,  firio- 

tion  and  the  resistance  of  the  air  are  the  only  resistances  to  be  balanced ;  for  the 
weight  of  the  train  here  opposes  no  resistance.  Unless  the  force  of  the  steam  is 
more  than  sufficient  to  balance  the  resistances,  it  cannot  move  the  train.  If  it 
exceeds  the  resistances^  the  excess,  however  slight,  gives  motion  to  the  inert 
matter  of  the  train.  Ir,  at  any  moment  while  the  train  is  moving,  the  force  of 
the  steam  becomes  jtul  equal  to  the  resistances  (whether  by  an  increase  of  the 
latter  or  by  diminishing  the  force)  the  train  will  move  on  at  a  tmijomt  velocity 
equal  to  that  which  it  had  at  the  moment  when  the  force  and  resistance  were 
equalized ;  and,  if  these  could  always  be  kept  equal,  it  would  so  move  on  forever. 
But  so  lone  as  the  excess  of  steam  pressure  over  the  resistances  continues  to  act, 
the  velocity  Is  increased  at  each  instant ;  for  during  each  such  instant  the  excess 
of  force  gives  a  small  velocity  in  addition  to  that  already  existing. 

On  a  level  railroad,  let 
P  —  the  total  tractive  force  of  the  locomotive  =  say  13  tons 
W  s  weight  of  locomotive  »  60  tons 
w  e-  weight  of  train  =  336  tons 

B  <=3  resistance  of  locomotive  (Including  internal  fHction,  etc.)  «■  8  tons 
r    —  resistance  of  train  =»  1  ton 
F  ~  net  force  available  for  acceleration  —  P  —  R  —  r~9  toaa 

M  «-  mass  of  engine  and  train  — —  ■  -^»     —  12 

w       886 
m  —  mass  of  train  =  -  —  r^-^  =  10.44 

g         cHLZ 

a    ~  acceleration 

T  B  tension  on  draw-bar. 

F        9 
Then :  Acceleration  *i  a  •«  ^  —  r^  —  0.70  ft  per  second  per  seoond. 

The  tension  T  on  the  draw-bar  »  resistance  of  train  +  force  causing  accel- 
eration a,orT=r  +  m»  —  1  +  10.44  X  0.75  =  1  +  7.88  =  8.83  tons. 
This  tension,  T,  pulling  backward  against  the  locomotire,  causes  there  a 

tetoTdaiim,  or  negatim  acceleration,  of  ^^  ^^  L)motive  ^  ^  "  ^'^  ^ 

per  see  per  sec,  and  thus  reduces,  by  that  amount,  the  acceleration  which  the 

(P  —  rl  if       10  X  82.2 
locomotive  would  otherwise  have,  and  which  would  be  —  * — sr-^   — s? — 

00  60 

—  6.44.    This,  less  6.69,  ^  0.76  ft  per  sec  per  see  ^  acceleration  of  train. 

(e)  If  the  tractive  force  of  a  locomotive  exceeds  the  resistances,  due  to  IHction, 
grades,  and  air,  the  velocity  will  be  accelerated ;  but  it  then  becomes  more  diffi- 
cult to  maintain  the  excess  of  force,  for  the  pistons  must  travel  faster  through 
the  cylinders,  and  the  boiler  can  no  longer  supply  steam  fast  enough  to  maintain 
the  original  cylinder  pressure.  Besides,  some  of  the  resistances  increase  with 
increase  of  velocity.  We  thus  reach  a  speed  at  which  the  engine,  although 
exerting  its  utmost  force,  can  do  no  more  than  balance  the  reustances.  The 
train  then  moves  with  a  uniform  velocity  equal  to  that  which  it  had  when  this 
condition  was  reached. 

When  it  becomes  necessary  to  stop  at. a  station  some  distance  ahead,  steam  is 
shut  off,  so  that  the  steam  force  of  the  engine  shall  no  longer  counterbalance  or 
destroy  the  resisting  forces;  and  the  number  of  the  resistances  themselves  is  in- 
creased by  adding  to  them  the  friction  of  the  brakes.  The  resistances,  thus 
increased,  are  now  the  only  forces  acting  upon  the  train,  and  their  acceleration 
is  negative,  or  a  retarcUUion.  Hence,  the  train  moves  more  and  more  slowly,  and 
must  eventually  stop. 

(f)  Caatlon.  When  two  opposite  forces  are  in  equilibrium,  an  addition  to 
one  of  the  forces  does  not  always  form  an  unbalancea  force;  for  in  many  cases 
the  other  force  increases  equally,  up  to  a  certain  point.  For  instance,  when  we 
attempt  to  lift  a  weight,  w,  its  downward  resistance^  R.  remains  constantly  jast 
equal  to  our  upward  pull,  P,  however  P  mar  vary,  until  P  exceeds  W.    Thus,  R 


can  never  exceed  W,  but  may  be  much  less  tnan  it.    Indeed,  when  we  stop  pull- 
^  !S,  although  W  (the  attraction  between  the  eartB-imd  the  weight)  of 
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ooune  remaini  unchiuiged  throughout.  Such  Tariation  of  reeisttng  force,  to  meet 
Tarying  demands,  occurs  in  all  those  innumerable  cases  where  structures  sustain 
varying  loads  wimin  their  ultimate  strength. 

Art.  17  (a).  Work.  Force,  when  it  moTes  a  body,*  is  said  to  do  "  work  " 
upon  it.  The  iphoh  work  done  by  the  force  in  moving  the  body  through  any  di»- 
tance  is  measured  by  multiplying  the/ores  by  the  distance;  or:  Work  »  Foroe 
X  distance.  If  the /oro0  is  tuen  in  pounds,  and  the  distance  in  feet,  the  product 
(or  the  vark  done)  will  be  in  foot-pounds;  if  the  foroe  is  in  tons  and  the  distance 
in  inches,  the  product  will  be  in  inch-tons ;  and  so  on.f 

Thus,  if  a  foroe  of  moves  a  body  through  we  have  work  = 

1  pound  10,000  feet  10,000  foot-pounds 

100  pounds  100    **  10,000        " 

10,000      "  Ifoot  10,000       " 

or,  in  any  case,  if  the  force  be  F  pounds,  the  whole  work  done  by  it  in  moving  a 
body  through  s  feet,  is  F  «  foot-pounds. 

(b)  The  foot-pound,  the  foot-ton,  the  inch-pound,  the  inch-ton,  etc,  etc,  are 
called  units  oi  work.f 

For  practical  purposes,  in  this  country,  forces  are  most  frequently  stated  in 
pounds,  and  the  distances  (through  which  they  act)  in  feet  Hence  tlie  ordi- 
nary unit  of  work  is  the  foot-pound.  Tlie  metrle  unit  of  work 
is  the  feilosri^m*™eter,  i.  e.  1  Kilogram  raised  1  meter  =  2.2046  pounds 
raised  3.2809  feet,  =  7.2331  fuot-pouuds.    1  foot-pound  =  0.13826  kilogram-meter. 

(e)  In  most  cases,  a  portion  at  least  of  the  work  done  by  a  force  it  ex- 

r»nded  in  OTereominc  resistances.  Thus,  when  a  locomotive  begins 
move  a  train,  a  portion  of  its  foroe  works  against,  and  balances,  the  resist- 
anoee  of  friction  or  of  an  ujH«vade,  while  the  remainder,  acting  as  unbalanced 
force  upon  the  inert  mass  of  the  train,  increases  its  velocity. 

An  upward  pull  of  exactly  one  pound  will  not  raise  a  one  pound  weight,  but 
will  merely  bMance  the  downward  force  of  gravity.  If  we  increase  the  upward 
pull  from  one  pound  (=>  16  ounces)  to  17  ounces,  the  ounce  so  added,  beins 
unbalanced  force,  will  give  motion  to  the  mass,  and  will  accelerate,  its  upward 
velocity  as  long  as  it  continues  to  act.  If  we  now  reduce  the  upward  pu^l  to  1 
pound,  thus  making  it  just  equal  to  the  downward  pull  of  gravity,  the  body  will 
move  on  upward  with  a  uniform  velocity :  but  if  we  reduce  the  upward  force  to 

15  ounces  (=»  )|  pound),  then  'there  will  oe  an  unbalanced  downward  force  of  1 
ounce  actinff  upon  the  body,  and  this  downward  furce  will  generate  in  the  body 
a  downward  or  negative  acceleration  or  retardation,  and  will  destroy  the  upward 
velocity  in  the  same  time  as  the  upward  excess  of  1  ounce  required  to  produce  it. 

During  any  time,  while  the  17  ounces  upward  •'  force"  were  acting  against  the 

16  ounces  downward  "  resistance,"  the  product  of  total  upward  force  X  distance 
must  be  gre^iter  than  that  of  resistance  X  distance.  The  excess  is  the  work  done 
in  accelerating  the  velocity,  by  virtue  of  which  the  body  has  acquired  kinetic 
energy  or  capacity  for  doing  work  in  coming  to  rest. 

On  the  other  hand,  while  the  upward  velocity  was  being  retarded,  the  product 
of  total  upward  force  X  dist  was  less  than  that  of  resistance  X  dist,  the  diiTerenoe 
being  the  work  done  by  the  kinetic  energy  against  the  resfetance  of  gravity. 

In  practice,  the  term  "  work"  is  usually  restricted  to  that  portion  of  the  woi^ 
which  a  furee  performs  in  balancinr  the  resistances  which  act  against  it ;  in  other 
words,  to  the  work  done  by  so  much  of  the  force  as  is  equal  to  the  resistance. 

With  this  restriction,  we  have  work  m»  force  X  dist,  »  resistance  X  dist. 

Thus,  if  the  resistance  be  a  friction  of  4  Smbi,  overcome  at  every  point  alonf  a 
distance  of  8  feet;  or  if  it  be  a  weight  of  4  lbs.,  lifted  8  feet  high,  then  the  work 
done  amounts  to  4  X  8  » 12  foot-lbs,  provided  tne  initial  and  the  final  velocities 
are  equal. 

(d)  In  cases  where  the  weloeity  is  uniform,  as  in  a  steadily  running 
machine,  the  foroe  is  necessarily  equal  to  the  resistance ;  and  where  the  velocities 
at  the  beginning  and  end  of  any  work  are  equal  (as  where  the  machine  starts 
from  rest  and  comes  to  rest  again)  the  mean  force  is  equal  to  the  mean  resistance. 
In  such  cases,  therefore,  the  two  products,  mean  force  X  distance,  and  mean 
resistance  X  distance,  are  equal,  and  we  have,  as  before. 

Work  ==»  force  X  dist  =  resistance  X  diat. 

*  A  man  who  is  standing  still  is  not  considered  to  be  working,  sny  more  than 
is  a  post  or  a  rope  when  sustaining  a  heavy  load ;  although  he  may  be  support- 
ing an  oppressive  burden,  or  holding  a  car-brake  with  all  his  strength ;  for  his 
force  moves  nothing  in  either  case. 

t  These  products  moit  not  be  confounded  with  moments,  ^orce  X  leverage. 
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(f)  In  calcnlating  the  work  doDe  by  machinery,  etc.,  aHowance  must  be  made  for 
this  ezpenditiire  of  a  portion  of  the  work  in  overcoming  resistances.  Thus,  in  pump- 
ing water,  part  of  the  applied  force  is  required  to  balance  the  friction  of  the  different 
parts  of  the  pump;  so  that  a  steam  or  water  ''power,"  exerting  a  force  of  lUO  Ibo., 
and  moving  6  feet  per  second,  cannot  raise  100  lbs.  of  water  to  a  height  of  6  feet 
per  second.  Therefore  machines,  so  tea  Arora  gaining  povoer^  according  to  the  popular 
idea,  actually  lose  it  in  one  sense  of  the  word.  In  ttarting  a  piece  of  machineiy,  the 
forces  employed  have  (1st)  to  balance,  react  against,  or  destroy  the  resisting  foree 
of  friction  and  the  cohesive  forces  of  the  material  which  is  to  be  operated  on ;  and 
(2d)  to  give  motion  to  the  unresisting  matter  of  the  machine  and  of  the  material 
operated  on,  after  the  resisting  forces  which  had  acted  upon  them  have  thus  been 
reiKlered  ineffective.  But  after  the  desired  velocity  has  been  established,  the  forces 
have  merely  to  balance  the  rerieUmcee  in  order  that  the  velocity  may  continue  uniform. 

(jar)  That  portion  of  the  work  of  a  machine,  etc,  which  is  expended  against  fric- 
tion is  sometimes  called  "lost  "«rork»»  or  "prejudicial  ivork,"  Mhile  only 
that  portion  is  called  "  useful  'vrorlc  "  which  renders  visible  and  tangible  service 
in  the  shape  of  output,  etc.  Thus,  in  pumping  water,  the  work  done  in  overcoming 
the  friction  of  the  pump  and  of  the  water  is  said  to  be  lost  or  prejudicial,  while  the 
useful  work  would  be  represented  by  the  product,  weight  of  water  delivered  X  height 
to  which  it  is  lifted. 

The  distinction,  although  artificial,  and  somewhat  arbitrary,  is  often  a  very  con- 
venient one ;  but  the  work  is  of  course  not  actually  "  lost,"  and  still  less  is  it  **  pre- 
Jvdicial ;"  for  the  water  could  not  be  deliwred  without  first  overcoming  the  resist- 
ances. A  merchant  might  as  well  call  that  portioD  of  his  money  )oSt  whloh  M 
expends  for  clerk-hire,  etc. 

(h)  For  a  given  force  and  distonce,  ttie-vrork  done  is  Independent  of  tlie 
tltne$  for  the  product,  force  X  distance,  then  remains  the  same,  whatever  the  time 
may  be.  But  the  distance  through  which  a  given  force  will  work  at  a  given  velocity 
is  of  course  proportional  to  the  time  during  which  it  is  allowed  to  work.  Thus,  in 
order  to  lift  60  pounds  100  feet,  a  man  must  do  the  same  work.  (=  500«»  foot-pounds) 
whether  he  do  it  in  one  hour  or  in  ten ;  but,  if  he  exerts  constantly  (he  mme  foree^ 
he  will  lift  50  n>s^  ten  times  as  high  in  ten  hours  as  in  one,  and  thus  ^ill  do  ten  times 
the  work.    Thus,  for  a  given  force^  the  i^vork  ts  proportional  to  the  time* 

Art.  18  (a)y  Povrer.  The  quantity  of  any  work  may  evidently  be  considered 
without  regard  to  the  time  required  to  perform  it;  but  we  often  require  to  know  the 
rate»X  which  work  can  be  done;  that  is,  how  much  can  be  done  within  a  ceitain 
Hme. 

The  rate  at  which  a  machine,  etc.  can  work  is  called  its  potoer.  Thus,  in  selecting 
a  steam-engine,  it  is  important  to  know  how  much  it  can  do  per  nmute,  how\  or  day^ 
We  therefore  stipulate  that  it  shall  be  of  so  many  horse-powert;  which  m«-an8  nothing 
more  than  that  it  shall  be  capable  of  overcoming  resisting  forces  at  ll.^-  ii;tc  of  so 
many  times  33,000  foot-pounds  per  minute  wh^n  running  at  a  uniform  velocity,  i.  «., 
when  force  X  distance  =  resistance  X  distance. 

(b)  The  Iforse-poi^er,  33,000  foot-pounds  per  minute,  or  660  foot-pounds  pef 
second,  istheanltof  po%ver,  or  of  rate  of  ^vork,  commonly  used  in  connec- 
tion with  engines.  The  metric  horse-poi^er,  called  **  force  d« 
<^val,"  ** cheval-vapeur,"  or  (German)  "  Pferdekraft,"  is  75  kilogram-meters  pes 
second  »  642.48  ft.-ibs.  per  sec.  =  32,549  ft.-fes.  per  minute  =  0.9863  horse-power.  1 
horse-power  =»  1.0138  "  force  de  cheval."  In  theoretical  Mechanics  the  foot-ponnd 

Jer  second  is  used  in  English  measure ;  and  the  kllog^am-iiAeter  per  see> 
nd  in  metric  measure,  • 

1  foot-pound  per  second  =»  0.13826  kilogram-meter  per  second. 
1  kilogrum-meter  p«'r  second  =  7.2331  foot-pounds  per  second. 

(c)  Up  to  the  time  when  the  velocity  becomes  uniform,  the  po-vrer.  or  rate  of 
-vrork,  of  the  train,  in  Art.  16  {d\  is  variable,  tbeing  gradually  accelerated. 
For  in  each  second  it  overcomes  its  resistances  (and  moves  its  point  of  application) 
through  a  greater  did^nce  than  during  the  preceding  second.  Also,  after  the  steam  is 
shut  off,  the  rate  of  work  is  variable,  being  gradually  retarded.  When  the  force  of 
the  steam  just  balances  the  resistances,  the  rate  of  work  is  uniform. 

(d)  Poller  =a  force  X  ▼elocttjr.  Since  the  rate  of  work  is  equal  to  the  work 
done  iu  a  givan  Mme,  as  so  many  foot'pound$  per  $econd^  we  may  find  it  by  dividing  the 
work  iu  foot-pounds  done  during  any  given  time  by  the  number  of  seconds  in  that 
Hme.    Thus 

„  ^     ,        ,.      force  in  pounds  X  distance  in  feet 

Power  =-  rate  of  work  = *- — -r-^ • 

tune  in  seeoads    ^^  t 
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.       .        ,  .    v^  distance  in  feet 

Power  -  rate  of  work  -  force  in  pounda  X  ^^^-i^-^^355aS 

~  orce  in  Ibe.  X  Telocity  in  feet  per  second. 

Or  if  we  treat  only  of  the  work  of  that  farce  which  overeofne$r^Um^:or^ 
omS  wheil^e  velocity  is  either  uniform  throughout  or  the  same  at  tba 
beginning  and  end  of  the  work; 

•    Power  rate  of  work     _  reslstonce,  w     Telocity, 

inft.lter^rsec-infl^lbs.per8ec-     in  lbs.      X  In  ft  per  sec 

Thna.  if  the  resistance  is  3300  lbs.  and  is  OTercome  through  a  distance  of  W 
fe^in^yeSminuto^oV  the  resistance  is  33  lbs.  and  is  overcome  through 
1  di^cl^f  iSS  fiet  per  minute,  the  rate  of  the  work  it  in  each  cbb% 
thflSSer^eT,3?(KKf  foot-pounis  per  minute,  or  one  horse-power;  for 

3300  X  ^10  —  33  X  1000  —  33,000  foot-pounds  per  minute. 

(•)  The  same  "power"  which  will  overcome  a  given  ^^"j^^^Sr^ih 
Kiven  dirtance,  in  agiven  time,  will  also  overcome  any  other  resistance  through 
£yStherdi^nc"mthat  siwie  time,  provided  the  >:«8Wtence  imd  disfam^ 

effected  by  the  medium  of  ««|rwli««la,  IhjU.,  or  levera^^^ 
ftiiAan  tho  enirine  water- Wheel,  horse,  or  other  motive  power,  exerunK  »  gi»«n 
torl^a  ISd  raSning^  Jren  ^elSSS^,  may  be  made  to  overcome  small  reals*- 
ances  rapidly,  or  great  ones  slowly,  as  desired. 

Art..  19  («).  Tlfce  -vrork  -vrlktclfc  a  tMkIr  iMtn  do  \xr  wlrtite  o/  its 
mottom  or  (which  is  the  same  thing)  tlie  work  rcqntrvd  to  brlM 
tke  body  to  rest.  Kinetic  energjr«  via  Tivm,  or  •«ltirin«  f!»ro«.» 
As  alreachr  remarked,  a  force  equal  to  the  weight  of  any  body,  at  any  place, 
willTin  one  second,  give  to  the  mass  or  matter  of  the  body  a  velocity  —  ^  o' 
(on  the  earth's  surface)  about  32.2  feet  per  pecond.  Or  if  a  body  be  thrown 
Upward  with  a  velocity  —  ^,  its  weight  will  stop  it  in  one  second. 

Since,  in  the  latter  case,  the  velocity  at  the  beginning  and  at  the  end  of  the 
second  are,  respectively,  —  g  feet  per  second,  and  —  0,  the  mean  velocity  of  tha 
body  is -^  feet  per  second.  Therefore,  during  the  second  it  will  rise -|-fee^ 

or  about  16  feet.  In  other  words,  the  work  which  any  body  can  do,  by  Tirto* 
of  being  thrown  vertically  upward  with  an  initial  velocitjr  (velocity  at  the 
mart)  01  g  feet  per  second,  is  equal  to  the  product  of  its  weight  multiplied  tff 

-|- feet   Or, 

woric  in  foot-pounds   «-   weight   X    -|- 

Notioe  that  in  this  case  (since  the  initial  velocity  v  is  equal  to  g\  -!L  —  L 

9 

Suppose  now  that  the  same  body  be  thrown  upward  with  douhU  the  former 
velocity;  i  «.,  with  an  initial  velocity  equal  to  2  g  (or  about  64  feet  per  seooi^). 
Since  gravity  requires  (Art  8  c),  tioo  seconds  to  impart  or  destroy  this 

velocity,  the'  body  will  now  move  upward  during  two  seconds,  or  twice  as  long 
a  time  as  before.  But  its  mean  velocity  now  is  (/,  or  twice  as  great  as  b«foreu 
Therefore,  moving  for  double  the  time  and  with  double  the  velocitv,  it  will 
travel /our  times  as  far,  overcoming  the  same  resistance  as  before  (viz. :  its 
own  weight)  through /our  times  the  distance. 

Thus,  by  making  its  imtial  velocity  v  —  2  9,  <.  e.,  by  daubHng  its  -L^  making 
it  -«  2,  we  have  enabled  the  body  to  do  four  times  the  work  which  It  could 
do  when  Its  -JL  was  1;  so  thai  the  work  in  the  second  case  is  equal  to  the 
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produet  of  that  in  the  first  case  multiplied  by  the  square  of     *  ;  or. 

t^^L  -  weight  X  -f  X  (j^y     ' 

-  weight    X    -I-     X    ^ 

-  weight    X    4I 

And  it  is  plain  that  this  would  be  (the  case  for  any  o^ier  velocity.  Now  the 
total  amount  of  the  work  which  the  body  can  cfo,  is  independent  of  the 
amount  of  the  resistance  against  which  it  is  done;  for  if  we  increase  the 
resistance  we  diminish  the  distance  in  the  same  proportion,  so  that  their 
product,  or  the  amount  of  work,  remains  the  same.  The  above  formula, 
therefore,  applies  to  all  cases;  t*.  e.,  the  total  amoont  of  virorh..  in  fooi 
pounds,  which  any  body  will  do,  against  any  resistance,  by  virtue  of  its  motion 
•lone,  m  coming  to  rest,  is 
Worlc  —  weight  of  moving  body,  in  lbs.  X  sq^a^e  of  its  velocity  in  ft  per  see'd 

—  weight  of  moving  body,  in  lbs.  X  fall  in  ft  required  to  give  the  velocity 
_  weightof  moving  body,  in  lbs,  y  square  of  its  velocity  in  ft  per  second 
9  2 

In  these  equations,  the  weight  is  that  which  the  body  has  in  any  given  place, 
and  g  is  the  acceleration  of  gravity  at  that  same  place. 

(b)  Since  the  weight  of  a  body  j^  j^^  ^^^  ^^^^  ^^  ^  836),  the  last  formula 

becomes,  by  "method  aJ**  Art.  11  (d), 

-work  mass  of  moving  body  w  square  of  its  velocity  in  ft  per 

in  foot^owmfe "  in  **mattr*         ^  2  — 

and  by  "method  B,"  Art  11  (•), 

-vrorlK        ^  mass  of  moving  body  ^  square  of  its  velocity  in  ft  per  second 
in  foot^oundate "  in  poundi  ^  2  ' 

(c)  In  the  above  equations  the  left  hand  side  represents  the  work  (or  resis- 
tance overcome  through  a  distance)  in  any  given  case,  while  the  right  hand 
Bide  represents  the  Idnetlo  energjr  of  the  oody,  by  which  it  is  enabled  to  do 
that  work.  Some  writers  call  this  energy  "via  viva."  or  "  living  force*'  a 
name  formerly  given  (for  convenience)  to  a  quantity  just  double  the  energy, 
or  —  mass  X  velocity*. 

(d)  As  an  illustration  of  the  foregoing,  take  a  trahi  weighing  1,120,000 
pounds,  and  moving  at  the  rate  of  ^  feet  per  second.  The  Kinetic  energy 
•f  such  a  train  is 

energy   -   weight   X    I?!§£i^;        or. 
^9 

1,120,000  lbs.  X  —  —  8,400,000  ft.-lb8. 

That  is,  if  steam  be  shut  off,  the  train  will  perform  a  work  of  8,400,000  ft.-lbe. 
in  coming  to  rest.  Thus,  if  the  sum  of  all  the  resistances  (of  friction,  air, 
grades,  curves,  etc.)  remained  constantly  —  6000  lbs.,»  the  train  would  travel 

8,400,000  ft.-lbe.  __  1680  ft. 
5000  lbs. 
(•)  We  thus  see  that  the  total  quantity  of  work  which  a  body  can  do  by  virtue 
of  its  motion  alone,  and  without  assistance  from  extraneous  forces,  is  in  pro- 
portion to  the  weight  of  the  body  and  to  the  square  of  its  velocity  when  it 
bej?ins  to  do  the  work.  For  example,  suppose  that  a  train,  at  the  moment 
when  steam  is  shut  off,  has  a  velocity  of  10  miles  an  hour  and  that  the  kinetic 
energy,  which  that  velocity  gives  it,  will  by  itself  carry  the  train  against  the 

*In  practice,  this  would  not  be  the  case. 
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(wtstMioes  of  til*  rood,  eto^  for  AdlflCane*  of  cm  qtutiter  of  a  mile  before  ft 
•tops.  Then,  if  steam  be  shut  ofF  while  the  train  is  moTing  at  6, 20, 80  or  40 
miles  per  hour  (i.  e.  with  ^  2, 8  or  4  times  10  miles  per  hour)  the  train  will 
travel  JL,  1, 2^  or  4  miles  (or  i^,4,  9  or  10  times  ^  mile)  before  coming  to 
rest* 

But  the  raU  of  work  done  Is  proportional  simply  to  the  resistance  and  the 
9doeify  (Art.  18 d,  p.  8^).  Therefore,  the  locomotive  whose  steam  is  shut  oft 
at  20,  30  or  40  miles  per  hour,  will  require,  for  running  its  4, 9  or  16  quarters 
ff  a  mile,  but  2, 3  or  4  times  as  many  seconds  as  it  required  at  10  miles  per  hour. 

The  same  principle  applies  to  all  cases  of  acceleration  or  of  retardation.f 

For  instance,  in  the  case  of  a  falling  body,  the  dittance  through  which  it 
mnst  fall  in  order  to  acquire  any  eiven  velocity  is  as  the  square  of  that 
Telocity,  but  the  time  required  is  simply  as  the  velocity.  Also,  if  a  body  is 
ttirown  vertically  upward  with  any  given  velocity,  the  height  to  which  it  will 
rise  by  the  time  gravitv  destroys  that  velocity,  will  be  as  the  square  of  the 
Telocity,  but  the  time  will  be  simply  as  the  velocity. 

Art.  20  (a).  The  momentam  of  a  moving  body  (or  the  product  of  its 
mass  by  its  velocity)  is  the  rate^  in  foot-pounds  per  s^cood,  at  which  it  works 
against  a  resisiinK  force  equal  to  iU  owri  weighty  is  in  the  case  of  a  body  thrown 
vertically  upward.  At  the  instant  when  it  comes  to  rest,  its  momentum,  or  rate 
of  work,  is  of  course  ==  nothing.  Therefore  its  mean  rate  of  work,  or  mean 
momentum,  is  one-half  of  that  which  it  has  at  the  moment  of  startiug. 

Thus,  suppose  such  a  body  to  weigh  6  lbs.  Then,  whatever  ito  velocity  may 
be,  5  pounds  is  the  resisting  force,  against  which  it  must  work  while  ooming 
to  rest.    Let  the  initial  velocity  be  96  feet  per  second.    Then  its 

momentum  ■■  mass  X  velocity  «-  5  X  96  «  480  foot-pounds  per  second^ 
and«  while  coming  to  rest,  ite 

waeoM  momentcmi  ■«-  mass  X  ^^^  ^^  —  240  foot-pounds  per  second. 

Now,  In  falling,  the  weight  of  the  body  (6  lbs.),  would  qive  it  a  velocity  of  M 
Ibet  pe^  second  in  about  three  seconds.  Consequently,  in  rising,  it  will  destroy  ita 

Telocity  in  the  same  time.  In  other  words,  the  time  —     velocity     ^  ^«^<>Q*<^ 

*  acceleration  g 

M  A|  —  3.  Three  seconds,  therefore,  is  the  time  during  which  it  can  work. 
Now,  if  the  mean  rate  of  work  in  foot-pounds  per  second  (at  which  a  body 
ean  work  against  a  resistance)  be  multiplied  by  the  time  during  which  it  can 
continue  so  to  work,  the  product  must  be  the  total  toorA;  done.  Or,  in  this  case, 

work    _  mean  rate  of  work  ^  time,  am  v  <»      *Tot\  f,^*^  *w^r.*.^A 

in  ft-lbs.  -  in  fWbs.  per  sec.   X  or  No.  of  iocs.  -  ^  ^  ^  -  ^20  foot^poundi. 

^  weight  X  12!^  X^5!2«iiS: 
2  g 

-weight  X  I®l2^  ,  as  in  Art  19  (o),  -  6  X  ^  -  720  ft-pounda. 
^g  64 

(b)  We  may  notice  also  that  since,  in  the  case  of  a  fSolling  body,  or  of  one 

thrown  upward,  T^  *^^*^  is  the  time  during  which  it  must  fall  in  order  to 

g 
acquire  a  given  velocity,  or  during  which  it  must  rise  in  order  to  lose  It^ 
therefore, 

vel^ij^  X  !2l22!&  ^  mean  velocity  X  time  -  distance  traversed; 

to  that 

weight  X  I2!|2!fi?  -  weight  X  I£!^x  I2!2£!^  ^ 
weight  X  distance  traversed      —  the  work. 

*  This  suppof'es,  for  conveuience,  that  the  resistances  remain  uniform  through* 
out,  and  are  tbe  same  in  all  the  cases,  which,  however,  would  not  hold  good  in 
practice. 

t  Retardation  is  merely  acceleration  in  a  direction  opposite  to  that  of  tbe 
motion  which  we  happen  to  be  cousidering. 


y  Google 


346  lOBOR  nf  BIQID  BODIES. 

Art*Sl(a)»  ShMTgjr  is  in^^astniotlble*  Energy,  expended  in  woik,  If 
not  destroyed.  It  ia  either  transterred  to  other  bodies,  or  else  stored  ap  in  the 
body  itself;  or  part  may  be  thus  transferred,  and  the  rest  thus  stored.  Ba^ 
although  energy  cannot  be  destroyed,  it  may  be  rendered  useless  to  ufl.  Thos, 
a  moving  train,  in  coming  to  rest  on  a  level  track,  transfers  its  kinetio  energy 
into  other  kinetio  energy:  namely,  the  useless  heat  due  to  friction  at  the  railflL 
brakes  and  journals ;  and  this  heat,  although  none  of  it  is  destroyed,  is  dissipated 
in  the  earth  and  air  so  as  to  be  practically  oeyond  our  recovery. 

Art.  fm  (a).  Potential  •nergy,  or  possible  enersy,  may  be  defined  as 
stored-up  energy.  We  lift  a  one-pound  body  one-foot  by  expending  upon  it 
one  foot-pound  of  energy.  But  this  foot-pound  is  stored  up  in  the  **8yBtem ** 
(composed  of  the  earth  and  the  body)  as  an  addition  to  its  stock  of  potential 
energy.  For,  while  the  stone  falls  through  one  foot,  the  system  wilt  acquire 
a  kinetio  energy  of  one  foot>pound,  and  will  part  with  one  foot>pound  of  its 
potential  energy. 

'  (b)  The ^fentioZ energy  of  a  "system"  of  bodies  (such  as  the  earth  and  a 
weight  raised  above  it,  or  the  atoms  of  a  mass  of  powder,  or  those  of 
a  bent  spring)  depends  upon  the  relative  positions  of  those  bodies,  and 
Qpon  their  tendencies  to  ehanffs  those  positions.  The  kinetic  energy  of  a 
system  (such  as  the  earth  and  a  moving  train  of  cam)  depends  upon  the  nuuses 
of  its  bodies  and  upon  their  motion  relatively  to  each  otner. 

Familiar  instances  of  potential  energy  are— the  weight  or  spring  of  a  clock 
when  fully  or  partly  wound  up,  and  whether  moving  or  not;  the  pent-up  water 
in  a  reservoir;  the  steam  pressure  in  a  boiler;  and  the  explosive  energy  of 
powder.  We  have  mechanical  energy  in  the  case  of  the  weight  or  springs  or 
water;  heat  energy  in  the  case  of  the  steam,  and  chemiccu  energy  in  that 
of  the  powder. 

(c)  In  many  cases  we  may  conveniently  estimate  the  total  potential  energy 
of  a  system.  Thus  (neglecting  the  resistance  of  the  air)  the  explosive  energy 
of  a  pound  of  powder  is  =-  the  weight  of  any  given  cannon  ball  X  the  height 
to  wliich  the  force  of  that  powder  could  throw  it,  ■-  the  weight  of  the  ball  X 
(the  square  of  the  initial  velocity  given  to  it  by  the  explosion)  -^  2g.  But  in 
other  cases  we  Care  to  find  only  a  certain  definite  portion  of  the  total  potential 
energy,  ThuSjthe  total  potential  energy  of  a  clock-weight*  would  not  be 
exhausted  until  the  weight  reached  the  center  of  the  earth;  but  we  generally 
deal  only  with  that  portion  which  was  stored  in  it  by  winding-up,  and  which 
it  will  give  outa^ain  as  kinetio  energy  in  running  down.  This  portion  ifl«-  the 
weight  X  the  height  which  it  has  to  run  down  —  the  weight  X  (the  square  of 
the  velocity  which  it  would  acquire  in  falling/ree?y  through  that  neigh t)  -*-  2^y. 

(d)  There  are  many  cases  of  energy  in  which  we  may  hesitate  as  to  whether 
thrt  term  ** kinetic"  or  "potential"  is  the  more  appropriate.  Thus,  the  pres- 
sure of  steam  in  a  boiler  is  believed  to  be  due  to  the  violent  motion  of  the 
particles  of  steam,  which  bombard  the  inner  surface  of  the  boiler-phell;  so 
that,  from  this  point  of  view,  we  should  call  the  energy  of  steam  kinetic.  But, 
on  the  other  hand,  the  shell  itself  remains  pt^tionary;  and,  until  the  steam  is 
permitted  to  escape  from  the  boiler,  there  ia  no  outward  evidence  of  energy 
m  the  shape  of  work.  The  energy  remains  stored  up  in  the  boiler  ready  for 
use.  From  this  point  of  view,  we  may  call  the  energy  of  steam  potential  energy. 

(e)  It  seems  reasonable  to  suppose  that  further  knowledge  as  to  the  nature 
of  other  forms  of  energy,  apparently  potential  (as  is  that  of  steam),  might 
reveal  the  fact  that  all  energy  is  ultimately  kinetks. 

Art.  23  (a).  There  is  much  eonAislon  of  ideas  in  regard  to  thosa 
actions  to  which,  in  Mechanics,  we  give  the  names,  *'  force,"  **  enerfry"*'* 
'' power,"  etc.  This  arises  from  the  fact  that  in  every-day  language  these 
terms  are  used  indiscriminately  to  express  the  same  ideas. 

Thus,  we  commonly  speak  of  the  "  lorce  "  of  a  cannon-ball  flying  through  the 
air,  meaning,  however,  the  repulsive  force  which  tooiUd  be  exerted  between  the 
ball  and  a  building,  etc.  with  which  it  might  come  into  contact.  This  force 
would  tend  to  move  a  part  of  the  building  along  in  the  direction  of  the  flight 
of  the  ball,  and  would  move  the  ball  backward ;  {i.  e.,  would  retard  its  forward 
motion).  B\xi  this  great  repulsive  "force"  does  not  exist  until  the  ball  strikes 
the  buildine.  Indeed,  we  cannot  even  tell,  from  the  velocity  and  weight  of  the 
ball,  what  tne  amount  of  the  force  will  be,  for  this  depends  upon  the  strength, 
etc..  of  the  building.  If  the  building  is  of  glass,  the  force  may  be  so  slight  as 
scarcely  to  retard  the  motion  of  the  ball  perceptibly,  while,  if  the  building  is  an 

*  For  convenience  we  may  thus  speak  of  the  energy  of  a  syitem  of  bodies  (the 
earth  and  the  clock-weight)  as  residing  in  only  one  of  the  bodies. 
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emrth  embankment^  the  force  will  bt  aiaoh  greater,  and  may  retard  the  motion 
of  the  ball  so  rapidly  as  to  entirely  stop  it  before  it  has  gone  a  foot  farther. 

The  moving  ball  has  great  (kinetic)  r^iergy ;  but  the  only  force  that  it  exerts 
during  its  flight  is  the  comparatively  very  slight  one  required  to  push  aside  the 
particles  of  air. 

The  energy  of  the  ball,  and  therefore  the  total  work  which  it  can  do,  are  inde- 
pendent of  the  nature  of  the  obstruction  which  it  meets  ;  but  since  the  work  is 
the  product  of  the  resistance  ottered  and  the  distance  through  which  it  can  be 
overcome,  the  distance  must  be  inversely  as  the  resistance  offered ;  or  (which  is 
the  same  thing)  inversely  as  the  force  required  of,  and  exerted  by,  the  ball  in 
balancing  that  resistance. 

Since  work,  in  ft.-tt>s.  =  force,  in  lbs.,  X  distance  traversed,  in  feet,  we  have 

*,«.«  i«  ih«       work,  in  ft.-fts. rate  of  work, 

wrce,  m  roa.  -  ^^^^^^^  traversed,  in  feet  "^  in  ft.-fts.  per  fooL 

Art.  34  (a).  Am  Impaet,  blow,  stroke  or  collision  takes  place  when  a 
moving  body  encounters  another  body.  The  peculiarity  of  such  cases  is  that 
the  lime  of  action  of  the  repulsive  force  due  to  the  collision  is  so  short  that  gen- 
erally it  is  impossible  to  measure  it,  and  we  therefore  cannot  calculate  the  rorce 
firom  the  momentum  produced  by  it  in  eHher  of  the  two  bodies :  but  since  both 
bodies  undergo  a  great  change  of  velocity  (/.  e.,  a  great  acceleration)  during  this 
short  time,  we  know  that  the  repulSive  force  acting  between  them  must  be  very 
great. 

We  shall  consider  only  cases  of  direct  impact,  or  impact  where  the  centers 
of  gravity  of  the  two  bodies  approach  each  other  in  one  straight  line,  and  where 
the  nature  of  the  surfaces  of  contact  is  such  that  the  repulsive 

force  caused  by  the  impact  also  acts  thxough  those  centers  and  in  their  line  of 
approach. 

(b)  This  force,  acting  eouallv  upon  the  two  bodies  (Art.  5/),  for  the 
same  length  of  time  (namely,  the  time  during  which  they  are  in  contact),  neces- 
sarily produces  equal  and  opposite  changes  in  their  momentum8(Art.  12,  p.  388). 
Hence,  the  total  momentum  (or  product,  mass  X  velocity)  of  the  two  bodies  is 
always  the  same  after  impact  as  it  was  before. 

(c)  But  the  relative  behavior  of  the  two  bodies,  after  collision,  depends  upon 
their  elasticity.  If  they  could  be  perfectly  indaatiCi  their  velocities,  after  im- 
pact, would  be  equal,  in  other  words,  they  would  move  on  together.  If  they 
could  be  perfectlT  eloiiic,  they  would  separate  from  each  other,  after  collision, 
with  the  same  velocity  with  which  they  approached  each  other  before  collision. 

(d)  Betwwn  these  two  extremes,  neither  of  which  is  ever  perfectly  realized  in 

Eractice,  there  are  all  possible  degrees  of  elasticity,  with  eorrespooiUng  diierences 
1  the  behavior  of  the  bodies.    The  subject,  especially  that  of  indirect  impact.  Is 
a  very  complex  one,  but  seldom  comes  up  in  practical  civil  engineering. 

(e)  "  In  some  careful  experiments  made  at  Portsmouth  dock-yard,  England,  a 
man  of  medium  strength,  and  striking  with  a  maul  weighing  18  ttis.,  the  handle 
•f  which  was  44  inches  long,  barely  started  a  bolt  abont  3^  of  an  inch  at  each 
blow ;  and  it  required  a  quiet  pressure  of  107  tons  to  press  the  bolt  down  the 
same  quantity ;  but  a  small  additional  weight  pressed  it  completely  home." 
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ORATITT,  FAIXIirO  BODIES. 

Bodies  fallings  Tertically.  A  body,  falling  freelj  in  tacu* 
from  a  state  of  rest,  acquires,  by  the  end  of  the  first  second,  a  velocity  of  abo^it 
32.2  feet  per  second;  aud.  in  each  succeeding  second,  an  addition  of  velocity,  or 
aoceieratioD,  of  about  32.2  feet  per  second.  In  other  words,  the  Telocity  receires  ia 
•ach  second  an  acceleration  uf  aoout  it2.2  feet  per  second,  or  is  accelerated  at  ths 
rate  uf  about  32.2  feet  per  second,  p«r  second.  This  rate  is  generally  called  (for 
brevity,  see  foot-note,t  p.  334),  simply  the  aCG«leratl«i&  of  wtuirity  (bat  see  * 
below),  and  is  denoted  by  |^«  It  increases  from  about  32.1  feet  per  second,  per 
second,  at  the  equator,  to  about  32.6  at  the  poles.  In  the  latitude  of  London  It  is 
82.19.  These  are  its  vaiues  at  sea-level;  but  at  a  height  of  6  miles  above  that  leTel 
It  is  diminished  by  only  about  1  part  in  400.  For  must  practical  purposes  it  may  be 
taken  at  32.2. 

Caution.  Owlnfr  to  tbe  reslstanee  of  the  air  none  of  the  follow- 
ing  rules  give  perfectly  accurate  results  In  practice,  especially  at  great  vela. 
The  greater  the  specific  gravity  of  the  body  thn  better  will  be  the  result.  The  air 
restate  bntn  risinir  and  falltiMr  bodies. 

If  a  body  be  thrown  Tertleally  apwai*ds  with  a  given  yel.  It  will 
rise  to  the  same  height  from  which  it  must  Imve  fallen  in  order  to  acquire  said 
vel ;  and  its  vel  will  be  retarded  <n  each  second  32.2  ft  per  ISO.  Its  average  ascend' 
ing  velocity  will  be  half  of  that  with  whlc];i  it  started ;  as  in  all  other  cases  of 
uniformly  retarded  vel.  In  falling  it  will  acquire  the  same  vel  that  it  started 
up  with,  and  in  the  same  time.    See  above  Caution. 


Aeeeleration  acquired* 

in  a  given  time  ^  gX  time 

in  a  given  fall  from  rest     =  V  2  ^  X  fall. 

in  ft  given  fall  from  rest  i      twice  the  fall 

and  given  time  J  ™        time 

Time  required 

^         .              1      A.            acceleration 
for  a  giren  aoceleraUon    — 


for  a  given  fall  from  rest 


fall 


^  final  velocity 

for  a  given  fall  from  rest  \  ^       fall fall 

or  otherwise  j  *"  mean  vel "  ^  (initial  vel  +  final  vel) 

FaU 

In  a  given  time  (starting  from  rest)  —  time  X  H  ^Q^  ^^^  —  ^o^®  '  X  KP 

in  a  given  time  (starting)      .,       .^  ,      x,      v>  initial  vel  +  final  Tel 

,    ®       .         . .  "  I.  =■  time  X  mean  vel  « time  X tt ^ 

from  rest  or  otherwise)  i  2 

reqd  for  a  given  acceleration  1  _  acceleration* 

(starting  from  rest)  /  Yg         * 

during  any  one  given  second  (counting  from  rest) 

—  y  X  (number  of  the  second  (Ist,  2d,  Ac)  —  \\ 
during  any  equal  consecutire  times  (starting  from  rest)  or  1, 3, 5, 7, 9,  Ae. 

railing  tf       82-2  )  ^*  *•**  *■**  ^^  *■•• 

'     we  We        f        ^*^   2d.    8d.     4th.    6th.    6th.    7th.     8th.     9th.     10th. 


seconds 


Velocity ;  ft  per  sec. 
Dist  fallen  since  end 
of  preceding  sec ;  ft. 

Total  dist  fallen;  ft. 


32.2 
16.1 
16.1 


64.4 
48.3 
64.4 


96.6 
80.5 
144.9 


128.8 
112.7 
267.6 


161.0 
144.9 
402.6 


193.2 
177.1 
679.6 


226.4 
209.3 

788.9 


267.6 
241.6 
1080.4 


289.8 
278.7 
1304.1 


822.0 
806.9 
1610.0 


*  By  "  acceleration,*'  in  this  article,  we  mean  the  total  acceleration  ;<.«.,  the  whole 
bhange  of  Telocity  occorring  In  the  gjLwa  Uam  or  laU.  #or  the  rat$  at  irrrlawftf^ 
•reuse  simply  the  letter*.        •  wnewnns 
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Bescent  on  Ineltned  planes.  When  a  body,  U,  is  placed 
npon  an  inclined  plane,  AC,  its  whole  weight  W  is  not  employed  in  giving  it 
Telocity  (as  in  the  case  of  bodies  falling  vertically) 
but  a  portion,  P,  of  it  (=»  W  X  cosine  of  o  =  W  X 
cosine  of  a*)  is  expended  in  perpendicular  pressure 
against  the  plane ;  while  only  s,  (=  W  X  sine  of  o 
*»  W  X  sine  of  a,*)  acts  upon  U  in  a  direction  parallel 
to  the  surface  A  C  of  the  plane,  and  tends  to  slide  it 
down  that  surf. 

The  acceleration,  generated  in  a  given  body  in  a 
given  time,  is  proportional  to  the  force  acting  upon 
the  body  In  the  airection  of  the  acceleration 

Hence  if  we  make  W  to  represent  hj  scale 
the  acceleration  g  (say  82.2  ft  per  see)  whioh  grar 
would  give  to  U  iu  a  sec  if  falling  freely,  then  S  will 
give,  by  the  same  scale,  the  acceleration  in  ft  per 
sec  which  the  actual  sliding  force  S  would  give  to  U  in  one  sec  if  there  were 
no  friction  between  U  and  the  plane.    We  have  therefore 

theoretical  acceleration  down  the  plane  »  ^  X  sine  of  a. 

Therefore  we  have  only  to  substitute  "p.  sin  o"  in  place  of  "a;"  and  the 
sloping  distance  or  "  slide  "  A  C  in  place  of  the  corresponding  vertteal  distance 
or  **  fall "  A  E  in  tlie  equations,  in  order  to  obtain  the  accelerations  etc  as 

follows : 

on  an  inclined  plane  witbont  friction. 

In  tike  following*,  tbe  slides  A  C  are  in  feet»  the  times  in 
seconds,  and  tbe  welocities  and  accelerations  in  feet  per 
second.f 

Accelerationfof  sliding  velocity 

<«  o  «{«<»»  titn/k  -  ▼«'*  *ccel  acquired  in  falling)  ^  ..    . 
in  a  given  time  »     ^^^  ^^^^J  the  same  time  |  X  sin  « 

—  g.  sin  a  X  time 

in  agiven  slide,  asAC,)^    slide 

from  rest  iH  time 

f  vert'acoel  acquired  in  falling) 
=<  freely  thro  the  corresponding  >—  l/T^.^AB 
t    verthtAE  *         J 

^yig.BinaX  slide 

Time  required 

,          ,,,,             ,      *,          sliding  acceleration 
for  a  given  sliding  acceleration  — .  — 

for  a  given  slide,  as  A  C,  ftrom  ^  slide  ^    j     ^iiide 

'^^  ""  H  fii^a  sliding  velocity  ""  1  Hg.aina 

time  reqd  to  fall  Areely  thro  the  ooriespond- 

^ ing  vert  ht  A  E 

gin  a 

for  a  given  slide^  from  l  ^  slide  _^ slide 

rest  or  otherwise       i  "*  mean  sliding  vel  °"  ^  (initial  -f  final  sliding  vels) 

horizontal  stretch,  as  E  0,  

r     4  =    baseEC  of  any  length,  as  A  C  i/AC»  — iTg 

<;osUiea      f^g^ii^c"  that  length  ^  AC 

_  height  A  E      fall,  A  E.  in  any  given  length,  A  C      x/AC»  — ET» 

Bine  a      ■"length  a  c''  that  length  "'         AC 

*  Because  o  and  a  are  eqoaL 
fBy  aocelertttiontin  thi»  article,  we  mean  the  tutal  acceleration,  t.  «.,  the  whola 
ehange  in  velocity  ooeurring  in  the  given  time  or  slide,  for  the  rote  of  acceleration 
ire  oae  aiaiply  the  letter  g. 
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GRAVITY — PENDULtJBdS. 


Slide,  as  A  C 

in  a  given  time,  starting  ftx)m  rest  =  time  X  }4  final  sliding  t«1 

=  time  2  X  K^.  sin  a. 
in  a  given  time,  starting  from  re«t      ..  „^  ^ 
or  otherwise  =  *"»e  X  raean  sliding  rel 

«  time  X  14  (initial  +  final,  sliding  ▼«!•) 

required  for  a  giVen  sliding  a«cel-  ^  sliding  acceleration* 
eration  (starting  from  rest)  "  2  ^.  ain  a 

But  In  practice  the  slidtnar  •!!  the  plane  is  alwars  od- 

^'gX  [sin  a  —  (cos  a.  coeff  fric)]  "  in  place  of  "  g.  sin  a  "  in  the  above  eqaatloniu 
Because 

Friction  =  Perpendicular  pressure  P  X  coefficient  of  Mction 

=  weight  W  X  cosine  a  X  coefficient  of  fHction 
and 

retardation  of  fViction  =  ^  X  cosine  a  X  coefficient  of  friction. 

Resultant  sliding  acceleration 

=  theoretical  sliding  sccel  (due  to  the  sliding  force,  8)  —  retardation  of  Sti9 
=-  (g.  sin  a)  —  (g.  cosine  a.  coeff  fric) 

=  g  X  Tsin  a  —  (cosine  o.  coelTfrlc)"] 

If  the  retardation  of  friction  (=  ^.  cos  a  X  coeff  ftric)  U  not  leu  than  the  total 
•r  theoretical  accel  {**g.  sin  a")  the  bodf  cannot  slide  down  the  plane. 


PENDULUMS. 


Thi  nnmbers  of  vibrations  which  diff  pendnlnms  will  make  in  any  given  place  in 
»  given  time,  are  inversely  as  the  square  roots  of  their  lengths;  thus,  If  one  of  them 
Is  4,  9,  or  16  times  as  long  as  the  other,  its  sq  rt  will  be  2,  S,  or  4  times  as  great ;  but 
its  number  of  vibrations  will  be  but  3^,  ^  or  ^  as  great.  The  times  in  which  diff 
pendulums  will  make  a  vibration,  are  directly  as  the  sq  rts  of  their  lengths.  Thus, 
if  one  be  4^  9,  or  16  times  as  long  as  the  other,  its  sq  rt  will  be  2,  3,  or  4  times  as 
great ;  and  so  also  wiH  be  the  time  occupied  in  one  of  its  vibrations. 

The  length  of  a  pendulum  vibrating  seconds  at  the  level  of  the  sea,  in  a  vacuum, 
in  the  lat  of  London  (bl}^  North)  is  39.1393  ins ;  and  in  the  lat  of  N.  York  (409^ 
North)  39.1013  ins.  At  luo  equator  about  yV  ^^*^^  shorter ;  and  at  the  poles,  about  ^ 
Inch  longer.  Approximately  enough  for  experiments  which  occupy  but  a  few  sec, 
we  may  at  any  place  call  the  length  of  a  seconds  pendulum  in  the  open  air,  39  ins ; 
half  sec,  9^  ins ;  and  may  assume  that  long  and  short  vibrations  of  the  same  pen- 
dulum are  made  in  the  same  time ;  which  they  actnally  are,  very  nearly.  For  meas- 
uring depths,  or  dists  by  sound,  a  sufficiently  good  sec  pendulum  may  be  made  of  a 
pebble  (a  small  piece  of  metal  Is  bftter)  and  a  piece  of  thread,  suspended  from  a 
iommon  pin.  The  lenicth  of  39  ins  should  be  measured  from  the-qentre  of  the  pebbla^ 

igitizedby  VjOOQI^ 
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In  starting  the  Ttbrstioni,  the  pebble,  or  6oft,  must  not  be  throum  Into  motion,  but 
merely  lei  drop^  after  extending  the  string  at  the  proper  height. 

T»  flnd  tlie  leniptli  of  a  Mndulam  read  to  make  a  given  number  of 
vibrations  in  a  min,  divide  376  by  said  reqd  number.  The  square  of  the  quot  will  be 
the  length  in  ins,  near  enough  for  such  temporary  purposes  as  the  foregoing.  Thus, 
Ibr  a  pondulnm  to  make  100  vibrations  per  min,  we  have  jf  ^  =>  3.75 ;  and  the  square 
of  3.75  »» 14.06  ins,  the  reqd  length. 

T*  find  tbe  nantber  of  vibratkHM  |»er  mln  for  a  pendulum  of 
given  length,  in  ins,  take  the  sq  rt  of  said  lengtii,  and  div  376  by  said  sq  rt.    Thus, 

for  a  pendulum  14.06  ins  k>ng,  the  sq  rt  is  2.76;  and  ^  »•  100,  the  reqd  number. 

RiM.  1.  By  practising  before  the  sec  pendulum  of  a  clock,  or  one  prepared  as  just 
stated,  a  person  will  soon  learn  to  count  6  in  a  sec,  for  a  few  sec  in  snccession ;  and  will 
thus  be  able  to  divide  a  sec  into  5  equal  parts:  and  this  may  at  times  be  useful  for 
very  rongh  eetimating  when  he  has  no  pendulum. 

Cestre  of  IHielllation  and  PercnMloa* 
Bbm.  2.  When  a  pendulum,  or  any  other  suspended  bodv,  is  vibrating  or  oscillating 
backward  and  forward,  it  is  plain  that  those  iwrticles  of  it  which  are  fiBur  from  the 
point  of  suspension  move  faster  than  those  which  are  near  it.  But  there  is  always 
a  certain  point  in  the  body,  such  that  if  all  the  particles  were  concentrated  at  it,  so 
that  all  should  move  with  the  same  actual  vel,  neither  the  number  of  oscillations, 
nor  their  angular  vel,  would  be  changed.  This  point  is  called  the  center  of  otcxUa- 
Uon.  It  is  not  the  same  as  the  cen  of  grav,  and  is  always  farther  than  it  fh>m  the 
point  of  suspension.  It  is  also  the  centre  qf  vercmtion  of  the  suroended  vibrating 
body.  The  diet  of  this  point  firom  the  point  of  susp  is  found  thus :  Suppose  the  body 
to  be  divided  teto  many  (the  more  the  i)etter)  small  parts;  the  smaller  the  better, 
find  the  weight  of  each  part.  Also  flnd  the  oen  of  grav  of  each  part ;  also  the  diet 
flrom  each  such  con  of  grav  to  the  point  of  susp.  Square  each  of  these  dists,  and 
malt  each  square  by  the  wt  of  the  corresponding  small  part  of  the  body.    Add  the 

Sroducts  together,  and  call  their  sum  p.  Next  mult  the  weight  of  the  entire  body 
y  the  dist  of  its  cen  of  grav  from  the  point  of  susp.  Gall  the  prod  g.  Bivide  p  hjg. 
This  j7  is  the  moment  of  inertia  of  the  body,  and  if  divided  by  the  wt  of  the 
body  the  sq  rt  of  the  quotient  will  be  the  Radius  of  Gyration. 

AnsritlAr  Teloeity. 

When  a  body  revolves  around  any  axis,  the  parts  which  are  farther  from  that 
axis  move  faster  than  those  nearer  to  it.  Therefore  we  cannot  assign  a  stated 
linear  velocity  iu  feet  per  second,  or  miles  per  hour  etc,  that  shall  apply  to  every 
part  of  it.  But  every  part  of  the  body  revolves  around  an  entire  circle,  or 
through  an  angle  of  860^,  in  the  same  time.  Hence,  all  the  parts  liave  the  same 
velocity  in  degreei  per  second,  or  in  revolvUont  per  second.  This  is  called  the 
angular  velocity.  Scientific  writers  measure  it  by  the  length  of  the  are  de- 
scnbed  by  any  point  in  the  body  in  a  given  time,  as  a  second,  the  length  of  the 
arc  being  measared  by  the  number  of  times  the  leagtli  ^  its  owm  radiw  Is  con- 
tained in  it.    When  so  measured, 

Angular  velocity         liaear  velocity  (in  feet  etc)  per  sec 
in  radU  per  aeooad  -       length  of  radius  (In  feet  etc) 

Here,  as  before,  the  angular  velocity  is  the  same  for  all  the  points  in  the  body  ^ 
because  the  velocities  of  the  several  points  are  directly  as  their  radii  or  dis- 
tances from  the  axis  of  revolution. 

In  each  revolution,  each  point  describes  the  circumference  of  the  circle  in 
which  it  revolves  =s  2  v  r  («-  ==  3.1416  etc ;  r  =  radius  of  said  circle).  Conse- 
quently, if  the  body  makes  n  revolutions  per  second,  the  lenath  of  the  arc  de- 
scribed  by  each  point  in  one  second  is  2  wrn;  and  the  angular  velocity  of  the 
body,  or  linear  velocity  of  any  pointy  measured  in  it*  own  raaiif  is 

a  — 9  2«fi  «i  say  6.2882 X  r»TS  per  eecond  —  say  .1047  X  revs  p*»» ru'ntrfc 

Moment  of  Inertia. 

Suppose  a  body  revolving  around  an  axis,  as  a  grindstone;  or  oscillating,  like 
a  pendulum.  Suppose  that  the  distance  from  the  axis  of  revolution  (which,  in 
the  pendulum,  is  the  point  of  suspension)  to  each  individual  particle  of  the 
body,  has  been  measure<l ;  and  that  the  square  of  each  such  distance  has  been 
multiplied  by  the  weight  of  that  particle  to  which  said  distance  was  measured. 
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The  sum  of  all  these  products  is  the  moment  of  inertia  of  the  body.    Or 


of  inertia 


-{ 


the  sum,  f 

for  all  the  particles  i 


of 


f  weight 
-j      of      > 
(.particle 


square  of  dist 
ofpartidefrom 
axis  of  reTolntion 


or, 


:l,cPie. 


Scientific  writers  frequently  use  the  mass  of  each  particle ; 

*'•  «.celerati.n  te)'of  grlvlty  or  .bout  S2.2  '"^  o""  weighm-  e.toU«t», 

the  momeut  of  inertia. 

In  practice  we  may  suppose  the  body  to  be  divided  Into  portions  measuring 
a  cubic  inch  (or  some  other  small  size)  each :  and  use  these  lubteac*  of  the  theo- 
retical infinitely  small  particles.  The  smaller  these  portions  are  taken,  the 
more  nearly  correct  will  be  the  result. 

When  the  moment  of  inertia  of  a  mere  surface  is  wanted  (instead  of  that  of  a 
body),  we  suppose  the  surface  to  be  divided  into  a  number  of  small  areas,  and 
use  them  instead  of  the  weights  of  the  smaU  portions  of  th«  body. 


Homeiit  of  inertia  ' 


weight  of  body. 


square  of 


"area  of  surface       radiixB ot  gjntlon 


Table  of  Radii  of  Oyration. 


Body 


ReTOlwingr 
around 


Radius  of  Gyration 


Any  body  or 
figure 

Solid  cylin- 
der 


ditto 

ditto,  infinitely 

abort  (circular 

surface) 

Mollow  cyl- 
inder 

ditto,  infinitely 
thin 

ditto,  of  any 
thickness 

ditto,  infinitely 
thin 

ditto,  infinitely 
thin  and  infinitely 
short  (circumfer- 
ence of  a  circle) 

Solid  spbere 


any  given  axis 


its  longitudinal 
axis 


a  diam,  midway 
between  its  ends 


a  diameter 

its  longitudinal 
axis 

ditto 

a  diam  raid  war 
between  its  ends 

ditto 

a  diameter 
a  diameter 


4 


'moment  of  inertia  aronnd  the  given  axil 
weight  of  body,  or  area  of  surface 

radius  of  cylinder  X  A/ "4" 
—  radius  of  cylinder  X  about  .7071 


Af 


ength«        radiua^  of  cylinder 
12       "''  4 


radius  of  cylinder 
2 


4 


V 


nner  rad<  +  outer  rad» 
radius  of  cylinder 


'inner  rad<  +  outer  rad*       length* 
4  "*■       12 


4 


Tadiu8»  of  cylinder     length* 
2  "•■      12 


radius  of  cylinder 
—  radius  of  cylinder  X  about  .7071 


x^l-^ 


4 


'radius*  of  sphere 
2.5 


«»  radius  of  sphere  X  l/"ii~ 

—  radius  of  sphere  X  about  .68246 


y  Google 


BADII  OP  OTRATIOH. 


853 


^ 


Table  of  Radii  of  Oj-ratlon,— Comtinubd. 


Body 


ReTOlvlngr 
around 


Radius  of  Oyration 


Hollow 
•pHere  of  any 

tbickneM 

ditto,  tbio 

ditto,  inflQitehr 

thin  (spherical 

sumce) 

MraishtUme.  ^^S  point,  a;,  in  its 
a  b  length 


a  diameter 
ditto 

ditto 


Solid  cone 

Circular 
plate,  of  rect- 
angular cross  sec- 
tion 

Circular 
ring^,  of  rectan- 
Iblar  cross  section 

Square,  rect- 

aufrl®  an4 

oilier  snr« 

fiBces 


either  end,  a  or  ft 

its  center,  e 
itoaxis 


8m  Solid  cylin- 
der 


See  Hollow  cylin 
der 


VI 


'g  (outer  tikdiP  —  ioner  rad*) 
6  (outer  rad'  —  iuuer  nid>) 
approx  (outer  rad  +  iouer  rad)  X  4066 

radius  of  sphere  X  \^-^ 
w  radhie  of  sphere  X  about  ^165 


V 


'««•  +   Offt* 


8  aft 

length  aft  X-y-|- 
i-  length  aft  X  abont  ^775 

mm  length  aft  X  about  .2887 

radius  of  base  of  cone  X  l/lf 
*■  radius  of  base  of  coue  X  ^77 


For  the  thidneu  of  plate  or  ring, 
meaavred  perpendionlarly  to  the  plane 
of  the  cironmferenoe,  take  the  iemfih  ef 
th«  cylinder. 


For  Uad  radiiuof  g yiaUoB,  or  that  aroond  the  ImtffeU  ttis, 
see  p  496  and  497. 
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CENTRIFUOAI.  FOR€E. 


When  a  body  a,  Fig.  1,  moves  in  a  circular  path  ^i^^,  it  tends,  at  each  point,  ai 
a  or  b,  to  move  in  a  tangent  a<  or  6^  to  the  circle  at  that  point.  Jtiut  al  each 
point,  as  a,  etc.,  in  the  path,  it  is  deAected  from  the  tangent  by  a  force  acting 
toward  the  center,  e,  of  the  circle.  Tnis  force  may  be  the  tension  of  a  string,  ca, 
or  the  attraction  between  a  planet  at  c  and  its  moon  a.  or  the  inward  pressure 
of  the  rails,  a  />,on  a  curve,  etc.,  etc.  Like  ail  force,  it  is  an  action  between  two 
bodies,  tending  either  to  separate  them  or  to  draw  them  closer  together,  and  act- 
ing equally  upon  boi  h.  (iSee  Art.  5  (6),  p.  882) .  1  n  the  case  of  the  string,  it  jnUU 
the  body  a,  toward  the  center,  c,  and  the  nail  or  hand,  et«.,  at  c,  toward  the  body 
at  a  or  6,  etc. ;  i.  e.^from  the  center.  In  the  case  of  a  car  on  a  curve  it  pnulies  the 
car  tovjard  the  center,  and  the  rails  from  the  center.  The  pull  or  push  on  the 
reviving  body  toward  the  center  is  called  the  ceutrlpetal  rore« ;  while  the 
pull  or  push  tending  to  move  the  dejUcting  body  from  the  center  is  called  the 
centri filial  force.  These  two  '^forces,"  being  merely  the  two  *' sides  "  (as 
it  were)  of  the  same  stress,  are  necessarily  equal  and  opposite,  and  can  onlv  exist 
together.  The  moment  the  stress  or  tension  exceeds  the  strength  (or  inherent 
cohesive  force)  of  the  string,  etc.,  the  latter  breaks.  The  centripetal  and  oentrif- 
ugal  forces  therefore  instantly  cease;  and  the  body,  no  longer  disturbed  by  a 
deflecting  force,  moves  on,  at  a  uniform  velocity,*  in  a  tangent,  ai  or  6/',  etc.,  to 
its  circular  path ;  i.e.^  at  right  angles  to  Mie  direction  which  the  centrifugal  force 
had  at  the  moment  itceas^. 

{a).  A  singrle  revolvliif^  body,  a.  Fig.  1.    Let 
/  =  the  centrifugal  or  centrii>etal  force,  in  pounds. 
W  =  the  weight  of  the  l»ody  //,  in  pounds, 

K  =  the  radius  ca  of  the  path  of  the  r^itfr  of  gravity  of  the  body  a,  in  feet, 
V  =  the  uniform  velocity  of  the  body  a  in  its  circular  path  abd^  in  feet  per 

second, 
n  =>  the  number  of  revolutions  per  minute, 
jf  «  the  acceleration  of  gravity  =  say  32.2  feet  per  second  per  seoood. 

900  ^  »  about  28980. 
w  =s  circumference  -f-  diameter  »  say  3.1416.  »*  »■  aoout  9.8696i, 

Then,  for  the  centrlftigral  foree,  /: 

If  we  have  the  velocity  v  in  feet  per  teoond :  /  —  W  ~  t  .  .  .  (1) 

B^ 

IfwehHvethenumbernofrevolution8perm!nute:/=- W"^— J  ...   (2) 

/- about  .0003406  WR»»«  J   .  .  .   (8). 

♦  Neglecting  friction,  gravity,  the  resistance  of  the  air,  etc. 

t  For  let  aty  Fig.  1,  represent  the  amount  and  direction  of  the  velocity  t  of  the  body 
at  a  in  feet  per  second.  Then  at  the  end  of  one  second  the  body  M'ilf  have  reached 
the  point  h  (the  arc  ab  being  made  »  at\  and  the  amonnt  and  direction  of  its 
velocity  at  6  will  then  be  represented  by  the  line  &<'  =  a<  in  length,  but  differiag  tn 
direction.  Drawing  ca  and  cv!  at  the  center,  equal  and  parallel  respectively  to  ol 
and  6/',  we  find  that  the  change  in  the  d^eetion  of  the  motion  {{. «.,  tiie  acceleration 
toward  the  center)  during  the  second  is  represented  by  the  arc  W;  and,  since  angle 
aob  ^  angle  ucu\  we  have  the  proportion,  radius  B  or  ae:abor  at::  cm  or  ol :  arc 
mt'.    In  other  words,  the  acceleration  iw'  in  one  second,  or  rate  of  acceleration,  is  — 

at*        ft* 

^  »  ^  ;  ana,  for  the  force  causing  that  acceleration,  we  have 

/  =  mass  of  body  X  rate  of  acceleration  =  mass  of  body  X  ^  —  W  ^« 

B  Rg 

tByfonnuU(l),/=Wj^-.    But  .  - -^^  jandr* -__.-___. 

Hence,  /  =  W     -,,  „   -  =.  W  -  - — . 

'  "^  900  R^  90(>^ 

\  Formula  (3)  is  obtained  from  (2)  by  substituting  the  values  9.8696  and  28960  for 
-•  and  900  g  respectively. 
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(6)  Wkeels  and  discs.   Suppose  the  rim  of  a  wheel  to  be  cvt  Into  very  short 
Blices,  as  shown  (much  exaggerated)  at  a,  Fig.  2.    Then  for  each  slice,  as  a,  by 

formula  (!):/«=  weight  W  of  elice  X  ^  ;*  and  if  each  slice  were  connected 


with  the  center  by  a  separate  string,  the  sum  of  the  stresses  in  all  the  strings 
(neglecting  friction  between  adjacent  slices)  would  be : 

F  = 


I  sum  of  centrifugal  forces  of  all  the  slices  f  =  weight  of  rim  X  ; 


(4). 


K 
lly  ■  "         ■  , 

ienslon  in  the  rim  Itself  in  the  direction  of  a  tangent  to  its  own  cir- 


But  the  stress  with  which  we  are  usually  concerned  in  such  cases  (viz. :  tbe 


comlerence)  is  much  kts  than  the  theoretical  quantity  F  obtained  from  formula 

(4),  being  in  fact  only  rrrzL  of  it.    For  suppose  first  that  the  same  thin  rim  is 

eut  only  at  two  opposite  points  m  and  n,  Fig.  8,  and  that  its  two  halves  are  held 
together  only  by  tne  string  S. 


*  If  the  rim  is  very  thin  in  proportion  to  its  diameter  mii,  we  may  take  the  center 
•f  g^rity  of  each  sKce  as  being  in  a  circle  mm  midway  between  Ihe  inner  and  outer 

J        *  ^».    _,          ^^  ^ «      inner  radius  +  outer  radius     _        _^      ,  ,  . , 

edges  of  the  rim,  so  that  B  «» = .    In  a  rim  of  ai^;M*eciable 

thickness,  this  is  not  the  case,  because  each  slice  is  a  little  thicker  at  its  outer  than  at 
its  inner  end.  See  Fig.  6.  Hence  Its  center  of  gravity  is  a  little  outside  of  the  curved 
line  «•«,  Fig.  2. 

t  In  a  perfectly  balanced  rim  ft*.  «.,  a  rim  whose  center  of  gravl^  ooinddM  with  its 
center  of  rotation,  as  in  Fi^.  3)  the  centrifugal  forces  of  the  particles  on  one  side  of  o 
counterbaJanoe  those  on  the  oppoeitb  side.  Here,  too,  B  »  0  Hence,  <u  a  whoh, 
such  a  rim  has  no  oentr^fytgal  force  ;  i.  e.,  no  tendency  to  leave  the  center  in  any  one 
direction  by  rirtue  of  its  rotation.  But  if  the  two  centers  do  not  coincide  (Fig.  4), 
then  the  rim  is  a  single  revolving  body,  and  its  centrifugal  force  is :  /  =  weight 

of  entire  rim  X  ^~ ;  where  B  is  the  distance  between  the  two  centers,  and  *  the 

▼elodty  of  the  oenter  of  gravity  a.  The  force  /  acts  in  the  line  Joining  the  two 
eenten. 
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Then : * 

F 
semi-circumference  mzn :  diameter  mn-.i-r^'  P"^'  ^^  ^^®  string  S ; 

so  that 
pull  on  ^  half  weight  ^  J^  ^  A  weight  t>«  F  F 
atrlniT  S  ^  of  rim  ^  ^g^  w^  of  tim^  B.gir^  v^  3.1416  *  *  *  ^  '' 
and  if  the  rim  is  now  made  complete  by  joining  the  ends  at  m  and  n,  and  if  the 
airing  S  is  removed,  then  the  pull  on  the  striug  by  formula  (5)  will  be  equallv 
divickd  between  m  and  n.  Hence  each  cross-section,  as  m  orn,  of  the  rim,  will 
sustain  a  tenniie  stress  equal  to  half  the  pull  on  the  string ;  or 

.       .           F           F           weight  of  rim  X  «* 
tension  in  rim  ^-  =.  --  =        %.2832R^ *   <^)- 

The  centripetal  force,/,  Fig.  2,  holding  any  part  o  of  the  rim  to  its  circular  path, 
is  the  resultant  of  the  two  equal  tensions  at  the  ends  of  that  part. 
For  the  stresa  per  square  inm  of  cross-section  of  rim,  we  have : 

- tension  in  rim 

~*  area  A  of  cross-section  of  rim,  in  sqoart  Inches 
F       _  weight  of  rim  X  v*  .-. 

*  6.2832 A  ~         6.2832  A  Kg        ^^' 

We  shall  arrive  at  the  same  result  if  we  reflect  that  the  pull  in  the  strlne  S 
or  the  sum  of  the  two  tensions  at  m  and  n,  is  equal  to  the  centrifugal  force/ of 
either  half  of  the  rim,  revolving,  as  a  single  body,  about  the  center  c.  Find  the 
center  of  gravity  G  of  the  half  rim,  and  then,  iu  formula  (1),  use  the  vekx^ty  of 
that  point,  and  the  radius  cG  instead  of  velocity  at  z  and  radius  cz  respectively ; 
thus: 

p««  m  string  =  /-  «-»f''h"g'rt'r'=  welghtof  half-rim X-^*^; 

and  half  of  this  is  the  tension  in  each  cross-section  of  the  rlm.f 

If  the  rim  were  infinitely  thin,  cG,  Fig.  3,  would  be  0.6366  cz. 
If  its  thickness  must  be  taken  into  consideration,  and  if  it  is  of  rectangular 
cross-section,  find  the  centers  of  gravity  ^  and  /,  Fie.  6,  of  the  whole  semicircular 
segment  cz  and  of  the  small  segment  c6  respectively  (eg  =  0.4244  cz,  and  eg*  == 
0.4244  cb.  Then 

.Q  =te  «•  V  ^'^  ^^  entire  segment  eg 
^    *^^         areaoffiafrim 
For  rims  of  oUwr  than  rectangular  oros»«ectiOD,  use  fovmuln  (4),  (5)  and  <6). 
In  a  disc,  sndi  sm  a  irrMidstone,  the  tension  in  eaoh  full  cross-flectton 
wn.  Fig.  7,  is  equal  to  the  centrifugal  force  /  of  half  the  disc.    Let  W  =  weight 
of  half  dise.    The  distanaoe  e6  from  the  center  c  to  the  center  of  gxsvltj  O  of 
the  half  disc,  is  cG  =  0.4244  cz ;  and  the 

*  In  Fig.  2,  let  the  centrifugal  force  of  any  slice,  o,  be  represented  by  the  diagonal, 
/,  of  a  rectangle,  whose  sides,  H  and  Y,  are  respectively  puallel  nad  perpeodicalar 
to  the  given  diameter  mn.  Then  H  and  V  represent  the  oompomsnts  ef  /  in  thooe 
two  directions.  The  equal  and  opposite  horiaontal  components  H,  of  o  and  of  the 
corresponding  sHoe  •',  being  parallel  to  mn^  have  no  tendency  to  pall  tflie  i4m  aipftit  at 
m  or  n.  Hence,  the  pull  on  a  string  S,  Fig.  3,  perpendicular  to  mn^  is  the  sum  of  the 
components  T  of  all  the  slices.  For  each  very  thin  slice,  Fig.  5  (greatly  exaggerated) 
we  have  (since  angle  A  =»  angle  A') : 

Iiength  I  .  its  hotto>ntal  . .  eentrifogal  force .    Its  Tertioa) 
of  sUoe   '  pr(\lectlon,j>  "       /,  of  slice       *  component  V. 
fienee,  for  the  entire  half-rira  Mn,  Fig.  3  (made  up  of  sneh  slices),  we  faatre: 

Length  mzn  ,  its  horizontal    . ,  ?i!  w2.2l*5rJ!?*t'X .  ^ertiS*(^mpo- 
of  half-rim    =  projection  n.«   ' '  Tl'T^e'Uur^^:  '  ^^^  ^^^^ 

which  is  identical  with  the  proportion  at  top  of  page. 

t  The  rimm  of  revDlvftig  wheels  ate  usnally  made  stirongeilongh  to  resist  tbelMBston 

due  to  the  centrifugal  force,  without  aid  from  the  spokes,  which  thus  have  mereH'  t0 

support  the  weight  of  the  wheel.    But  if  the  rim  breaks,  the  centrifugal  force*  of  Its 

fragments  come  entirely  upon  the  spokes;  and,  since  the  breakage^iH  always  irregu- 

some  of  the  spokes  will  always  receive  more  than  their  share\^OOQK 
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^  -r«4.  cGXf  0.4244  c»X^ 


-W^ 


^  ^  04'244  (vel.  at  g)« 
"  eaXff  •    •    •    • 

,  0.4244  w«  n»c» 

900y  .    .    .    . 

Tbe  ttren  par  «9«aro  <acA  in  any  full  leotfton  mn  i» 

tension  in  mn 

area  of  cross-section  in  square  inoh«a' 
^^  0.4244 (Telocity at g)« 


(8). 


■U 


-w 


diam.  tnn^  ins.  X  thickness,  ins.  XefXg' 

0.4244  w*  n»  cz 

diam.  vm,  ina.  X  thickness,  ins.  X  MO  f  ' 


.(10). 


p 


/=>:  the  centripetal  force,  in  pounds,  actins  upon  a  single  revolving  body,  a, 
Figs.  1, 2,  4  and  5.  or  upon  the  hall-rim  or  half-disc,  Figs.  S,  6  and  7 
=  the  centrifugal  force  exerted  by  such  body. 
F  =p  the  sum  of  the  centrifugal  forces  /,  of  all  the  particles  of  a  rim,  Fig.  8. 
W  =  the  weight  of  the  body,  in  pounds. 
K  3s  tbe  radius  <»,  Figs.  1,  4  and  0,  of  the  path  of  the  center  of  grwity  of  the 

body. 
ft  =  thei  nnifbrm  velocity  of  the  body  in  its  circular  path,  in  feet  per  second. 
m  =  the  number  of  revolutions  per  minute. 

the  acc^eratioa  of  gravity  ^  say  32.2  feet  per  second.    900  g  =  about 


ir  = 


airoumferenee 


say  3^1416.    v^  =  about  i 


diameter 

Ik  a  rollings  wlieel,  each  point  in  the  rim,  during  the  moment  when  it 
touches  the  ground.  Is  stationary  with  respect  to  the  earth;  but  each  particle  has 
the  same  velocity  ahmU  the  center  as  if  the  latter  were  stationary,  and  hence  the 
centrifugal  force  has  no  eflRsct  upon  the  weight.        gtized by  v^OO^Lw 
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STATIOS. 

FORCES. 

1.  Statics  Defined.  The  science  of  statics,  or  of  equUibrium  of  forces, 
takes  account  of  those  very  numerous  cases  where  the  forces  under  con- 
sideration are  in  equilibrium,  or  balanced.  It  embraces,  thereCcne,  all  cases 
of  bodies  which  are  said  to  be  "at  rest."* 

2.  In  the  problems  usually  presented  in  civil  engineenag,  a  certain 
given  force,  or  certain  given  forces,  applied  to  a  stationary  *  body  (as  a  bridge 
or  building)  tend  to  produce  motion,  either  in  the  structure  as  a  whole  or  m 
one  or  more  of  its  members ;  and  it  is  required  to  find  and  to  apply  another 
force  or  other  forces  which  will  balance  the  tendency  to  motion,  and  thus 
permit  the  structure  and  its  members  to  remain  at  rest.     See  t  33,  below. 

3.  Equilibrium.  Suppose  a  body  to  be  acted  upon  by  certain  forces. 
Then  those  forces  are  said  to  be  in  equilibrium,  when,  as  a  whole,  they  pro- 
duce no  change  in  the  body's  state  of  rest  or  of  motion,  either  as  regards  its 
motion  as  a  whole  along  any  particular  line  (motion  of  translation),' or  as 
regards  its  rotation  about  any  point,  either  within  or  withont  the  body. 
In  such  cases  the  body  also  ia  said  to  be  in  equilibrium.     See  %  84,  below. 

4.  A  body  masr  be  in  eauilibrium  as  regards  the  forces  under  consideration, 
even  though  not  in  equilibrium  as  regards  other  forces.  Thus,  a  stone,  held 
between  tne  thumb  and  finger,  is  in  equilibrium  as  regards  their  two  equal 
pressures,  even  though  it  may  be  lifted  upward  by  the  excess  of  the  muscular 
force  of  the  arm  over  the  attraction  between  the  earth  and  the  stone.  Simi- 
larly, <Ni  a  level  railroad,  a  car  is  in  equilibrium  as  regards  gravity  and  the 
upward  resistance  of  the  rails,  although  the  horizontal  pull  ofthe  locomotive 
may  exceed  the  resistance  to  traction. 

5.  Molecular  Action.  Any  force,  applied  to  a  body,  is  in  fact  made 
up  of  a  system  of  forces,  often  parallel  or  nearly  so,  applied  to  the  several 
partides  of  the  body.  Thus,  the  attraction  exerted  ov  the  earth  upon  a 
grain  pf  sand  or  upon  the  moon  is,  strictly  speaking,  a  cluster  of  nedrly  par- 
allel forces  exerted  upon  the  several  particles  of  those  bodies;  but,  for  con- 
venience, and  so  far  only  as  concerns  their  tendency  to  move  the  body  as  a 
whole,  we  conceive  of  such  forces  as  replaced  by  a  single  force,  equal  to 
their  sum  and  Acting  in  one  line.  In  thu?  oonsidering  the  forces,  we  as- 
sume that  the  bodies  are  absolutely  rigid,  so  that  each  of  them  acts  as  a 
single  *•  material  particle**  or  "  material  point." 

6.  Transmission  of  Force.  The  upward  pressure  of  the  ground,  upon 
a  stone  resting  upon  it,  acts  directly  only  upon  those  particles  which  are 
nearest  to  the  ground.  These,  in  turn,  exert  a  (practically)  equal  upward 
force  upon  those  immediately  above  them,  and  so  on ;  and  the  t6rce  is  thus 
transmitted  throughout  the  stone. 

7.  Rigid  Bodies.  In  treating  of  bodies  as  rigid,  we  assume  that  the 
intermolecular  forces  hold  the  several  particles  absolutely  in  their  original 
relative  positions. 

It  is  not  the  material  that  resists  being  broken,  but  the  forces  which  hold  its 
particles  in  their  places.  Thus,  a  cake  of  ice  may  sustain  a  great  pressure ; 
but  its  particles  yield  readily  when  its  cohesive  forces  are  destroyed  by  a 
melting  temperature. 

9.  Force  Units.     The  force  units  generally  ised  in  statics  are  those  of 
weight,  as  the  pound  and  the  kilogram.     See  Conversion  Tables,  p.  235. 
In  statics  we  have  no  occasion  to  consider  the  masses  of  bodies  (except 


♦Strictly  speaking,  absolute  rest  is  scarcely  conceivable,  since  all  bodies 
are  actually  in  motion  (see  Art.  3,  p.  331).  so  that  unbalanced  forces  produce 
merely  changes  in  the  states  of  motion  of  bodies.  Yet,  for  a  body  to  be  at 
rest,  relative  to  other  bodies,  is  a  very  common  condition,  and-  in  practical 
stat'c.s,  we  usually  regard  the  body  under  consideration  as  being  at  rest 
relatively  to  the  earth  or  to  some  other  large  body,  so  that  the  change  of 
state  of  motion,  due  to  the  action  of  unbalanced  force  upon  it,  consists  in  a 
change  from  relative  rest  to  relative  motion.     See  %  33,  below.  1 
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in  so  far  as  these  determine  their  weights,  or  the  force  of  gravity  exerted  upon 
them),  bodies  being  regarded  merely  as  the  media  upon  and  through  which 
the  forces  under  consideration  are  exerted.  Hence  we  require,  in  statics, 
no  units  of  mass ;  and,  as  the  bodies  are  regarded  as  being ' '  at  rest,''  no  units 
of  time,  velocity,  acceleration,  momentiun,  or  energy. 

9.  Forces,  how  Determined.  A  force  is  fully  determined  when  we 
know  (1)  its  amount  (as  in  poimds,  or  in  some  other  weight  unit),  (2)  its 
direction,  (3)  its  sense  (see  ^  10),  and  (4)  its  position  or  its  point  of  applica- 
cion. 

10.  TTlien  a  force  is  represented  by  a  line,  the  length  of  the  line 
may  be  made  to  represent  by  scale  the  amount  of  the  force,  and  its  direction 
and  position  may  often  be  made  to  indicate  those  of  the  force,  while  the  sense 
of  the  force  may  be  shown  by  arrows  or  letters  affixed  to  the  lines,  or  by  the 
signs,  +  and  - — -. 

Thus,  the  directions  of  the  forces  represented  by  lines  a  and  b,  Fig.  1,  are 
vertical,  and  those  of  c  and  d  are  horizontal.  The  tense  of  a  is  upward,  of  6 
downward,  of  c  right-handed,  of  d  left-handed.  Thus,  a  and  b  are  of  like 
direction,  but  of  opposite  sense ;  and  so  with  c  and  «f .  In  treating  of  vertical 
or  horizontal  forces,  we  usually  call  upward  or  right-handed  forces  posi- 
tive, and  downward  or  left-handed  forces  negative,  as  indicated  by  the 
signs,  +  and  — ,  in  Fig.  1.  When  a  force  is  designated  by  two  letters,  at- 
tached to  the  line  representing  it.  one  at  each  end  of  the  line,  the  sense  of  the- 
force  may  be  indicated  by  the  order  in  which  the  letters  are  taken.  Thue^  in 
Fig.  1,  having  regard  to  the  directions  of  the  arrows,  we  have  forces,  ef,h(f^ 
k  2,  and  n  m. 

11.  Line  of  Action,  etc.  The  point  (see  %  5)  at  which  a  force  P,  Fig.  Z 
is  supposed  to  be  applied,  as  a,  is  called  its  point  of  application.  But 
the  force  is  transmitted,  by  the  particles,  throughout  the  body  (see  ^  6),  and 


Fiff.  2. 

the  effect  of  the  force,  as  regards  the  body  as  a  whole,  is  not  changed  if  it 
be  regarded  as  acting  at  any  other  point,  as  5,  in  its  line  of  action.  We 
may  therefore  regardf  any  point  in  that  line  as  a  point  of  application  of  the 
force.  For  instance,  the  tendency  to  move  the  stone,  Fig.  2,  as  a  whole,  will 
not  be  changed  if,  instead  of  pushing  it,  at  a,  we  apply  a  jnill  (in  the  same 
direction  and  in  the  same  sense)  at  b;  and  if  a  weight,  P,  be  hiid  upon  the 
top  of  the  hook,  at  6,  Fig.  3,  it  will  have  the  same  tendency,  to  move  the 
hook  as  a  whole,  as  it  has  when  suspended  from  the  hook  as  in  the  Fig. 

A  force  cannot  actually  be  appliea  to  a  body  at  a  point  outside  of  the  sub- 
stance of  the  body,  as  between  the  upper  and  lower  portions  of  the  hook  in 
Fig.  3,  yet  this  portion  also  of  the  line  a  &  is  a  part  of  the  line  of  action  of  the 
force.  The  vertical  force,  exerted  by  the  weight,  P,  is  transmitted  to  b  by 
means  of  bending  moments  in  the  bent  portion  of  the  hook. 

13.  Stress.  (See  Art.  1,  Strength  of  Materials,  p.  454.)  Opposing 
forces,  applied  to  a  body  by  contact  (see  Art.  5  c,  p.  332),  cause  stress,  or  the 
exertion  of  intermolecular  force,  within  it,  or  between  its  particles,  tending 
to  pull  them  apart  (tension)  or  to  press  them  closer  together  (compre.ssion). 
Tlie  stress,  due  to  two  equal  opposing  forces,  is  equal  to  one  of  them. 

Tension  and  Compres.ston.  Ties,  Struts,  etc.  If  the  action  of 
the  forces  tends  to  pull  farther  apart  the  particles  of  the  body  upon  which 
they  act,  the  stress  is  called  a  tension  or  pull,  or  a  tensile  stress.  If  it 
tends  to  press  them  closer  together,  the  stress  is  called  a  pressure,  com- 
pression^ or  push,  or  a  compressive  stress.  A  long  slender  piece  sustaining 
tension  is  called  a  tie.  One  sustaining  compression  is  called  a  strut  or 
post.  One  capable  of  sustaining  either  tension  or  compression  is  called  a 
tie-strut  or  strut-tie.  r^^^^]^ 
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MOMENTS. 

13.  Moments*  If,  from  any  point,  o,  or  </,  Fig.  4,  a  line,  o  c  or  t/  9,  he 
drftwn  normally  to  the  line  of  action,  n  m,  of  a  force,  Pi,  whether  the  point,  o 
or  o',  be  within  or  outside  of  the  body  upon  which  the  force,  Pi,  is  acting,  said 
line,. o  c  or  </  «,  is  called  the  arm  or  leverage  of  the  force  about  such  point; 
?and  if  the  amount  of  the  force,  in  lbs.,  etc.,  be  multiplied  by  the  length  of  the 
«,rm,  in  ft.,  etc.,  then  the  product,  in  ft. -lbs.,  etc.,  is  called  the  moment  of 
the  jforce  about  that  point.*  The  moment  represents  the  total  tendency  of 
the  force  to  produce  rotation  about  the  given  point.  A  force  has  evidently 
no  moment  about  any  point  in  its  line  of  action. 

14,  Sense  of  Muiiieiit.s,  Since  the  moment  of  Pi  about  o.  Fig.  4, 
tends  to  cause  rotation  (about  that  point)  in  the  direction  of  the  motion  of 
the  hands  of  a  clock,  as  we  look  at  the  dock  and  at  the  figure,  or  from  left  to 
right,  as  indicated  by  the  arrow  on  the  circle  around  o,  it  is  called  a  cloek- 
wise  or  right-hand  moment;  but  the  moment  of  the  same  force  about  o' 
tends  to  produce  rotation  from  right  to  left.  Hence  it  is  called  a  counter- 
clockwise or  left-hand  moment,  as  is  also  that  of  P|  about  o.  Right- 
hand  or  clockwise  moments  are  conventionally  considered  as  posltivei 
or  -f-,  and  left-hand  or  counter-clockwise  moments  as  neKatlve»  or  — . 

15.,  The  plane  of  a  moment  is  that  plane  in  whieh  lie  both  the  line 
of  aetion  and  th^  arm  of  the  force. 

16.  The  resultant  or  combined  tendencv  of  two  or  more  moments  ia 
the  same  plane  is  equal  to  the  algebraic  sum  of  the  several  momenta.  Thus, 
Fig.  4,  if  the  forces,  Pi,  Pj,  and  Pj,  are  respectively  6,  5,  and  3  lbs.,  and  if 
the  arms,  oc,oy,  and  o  «,  of  their  moments  about «  are  respectively  7*  6»  and 
8  ft.,  we  have 

Pi .  o  c  —  P«  .  o  y  +  Pj  .  o  e 
-6X7— 5X  6  +  3X3 
-42—30        +        9        -   21  ft.-lbs. 


Tig, 


17.  If  the  algebraic  sum  of  the  moments  is  zeroL  they  are  in  equlllhrium 
and  tend  to  cause  no  rotation  of  the  body  about  the  given  point. 


Thus,  in  Fig.  5,  where  W  is  the  weight,  and  Q  the  center  of  gravity  of  the 
body,  and  R  the  upward  reaction  of  the  left  support,  a,  taking  moments 
about  the  right  support,  6,  we  have  R  /  — W  x  —  aero;  or  R  i  —  W  x.  Hence, 


I 


having  W,  x  and  I,  to  find  R,  we  have  R  ■ 

Similarly,  in  Fig.  6,  where  W  —  weif^t  of  beam  alone,  and  g,  the  center  of 
gravity  of  W,  is  at  the  center  of  the  span  /,  so  that  the  leverage  b  g  ci  the 

weight  of  the  beam  about  &,  is  «  -^,  we  take  moments  about  b,  thus: 


Rl  +  O  o  —  W^—  M  m 


R- 


M  m  +  N  n  +  W 


Nn 
I 


—   sero;  .or 
Oo 


/ 


*Note  that  a  very  small  force  may  have  a  great  moment  about  a  point, 
while  a  much  greater  force,  passing  nearer  to  the  same  point,  may  have  a 
smaller  moment  about  it ;  or,  passing  through  the  point,  nermomenjtat  all. 
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In  Fig.  7,  where  W  is  the  weight  of  the  beam  itself,  and  w  its  leverage,  tak- 
ing moments  about  h,  we  have 


■i-RZ  +  Oo  — Nn  — Ww  +  Mm=»0; 


Hence, 


Reaction  at  a 


R  - 


W  iff 


•f  N  n  — 


M  m 


Oo 


In  any  case,  if  W  be  the  combined  weight  and  G  the  oommon  center  of 
ntkvity,  of  the  beam  and  its  several  loads,  and  x  the  horizontal  distance  of 
that  center  from  the  right  support,  6;  and  if  2  be  the  span,  R  the  reaction  of 
the  left  support,  a,  and  B'  that  of  the  right  support,  b.  we  haire 


R  - 


Ifa^-i.Ris-f -R'. 


and  R'  -  W  —  R. 


Fl».  7. 

Note  that  the  moments  of  two  or  more  forces,  about  a  given  point, 
may  be  in  equilibrium,  while  the  forces  themselves  are  noi  in  equilibrium. 
See  t  84,  below. 

IS.  Cent^  of  Moments.  So  far  as  concerns  equilibrium  of  moments, 
it  is  immaterial  what  point  is  selected  as  a  center  of  moments;  but  it  is  gen- 
erallv  convenient  to  take  the  eenter  of  moments  in  the  line  of  action  of 
one  (or  more,  if  there  be  concurrent  forces,  see  f  19)  of  the  unknown  forces, 
for  we  thus  eliminate  that  force  or  those  forces  from  the  equation. 

CLASSIFICATION  OF  FORCES. 

19.  Classification  of  Forces.  Concurrent,  Collnear,  Coplanar. 
ftnd  Pmrallel  Forces.    Forces  are  called  concurrent  when  their  lines  o! 


Fiir.  s. 

action  meet  at  one  point,  as  a.  b,  c,  d,  e  and  /.  or  /  and  (7.  Fig.  8;  non-concur- 
rent when  they  do  not  so  meet,  as  c  and  g;  colinear  when  their  lines  of  action 
coincide,  as  a  and  b.  or  c  and  d ;  non-colinear  when  they  do  not  coincide,  as 
b  and  /;  coplanar  when  their  lines  of  action  lie  in  one  plane,*  as  o,  b,  c,  d  and 
€j  or  b,f  and  g,  etc. ;  non-coplanar,  as  c  and  g,  or  6,  /  and  d,  when  they  do  not 
he  in  one  plane;  parallel  when  their  lines  of  action  are  parallel,  as  b  and  g; 
non-parallel  when  those  lines  are  not  parallel,  as  b  and  /. 


♦Acting  upon  a  plane,  as  in  Fig.  9,  must  not  be  confounded  with  acting  in 
that  plane,  as  in  Figs.  70,  etc. 
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Any  two  parallel  forces  must  be  coplanar.  Three  or  more  parallel  forces 
may  or  may  not  be  coplanar.  Any  two  concurrent  forces  must  be  coplanar. 
Three  or  more  concurrent  forces  may  or  may  not  be  coplanar.  Any  two 
coplanar  forces  must  be  either  parallel  or  concurrent. 

COMPOSITION  AND  RESOLUTION  OF  FORCES. 

20.  Resultant.  A  single  force,  which  can  produce,  upon  a  body  con- 
sidered as  a  whole,  the  same  efifect  as  two  or  more  given  forces  combined,  is 
called  the  resultant  of  those  forces.  Thus,  in  Fig.  10  (6),  a  downward  pres- 
sure, G,  —  to  +  W,  is  the  resultant  of  the  downward  pressures  w  and  W; 
and,  in  Fig.  11  (6),  a  downward  pressure,  «=■  W  —  -u;,  is  the  resultant  of  the 
downward  pressure  W  and  the  upward  pull  w  of  the  left-hand  string.* 

21.  Component.  Any  two  or  more  forces  which,  together,  produce, 
upon  a  body  considered  as  a  whole,  the  same  efifect  as  one  given  force,  are 
called  the  components  of  that  force,  which  thus  becomes  their  resultant. 
Thus,  in  Fig.  10  (6),  w  and  W  are  the  components  of  the  total  force,  Q,  ■■ 
«;  +  W.    In  Fig.  1 1  (6),  +  W  (  -  6)  and  to  (  -  —  3)  are  the  components  of  G.* 

22.  If  we  take  into  account  the  resultant  of  any  given  forces,  those  forces 
(components)  themselves  must  of  course  be  left  out  of  account,  as  regards 
their  action  upon  the  body  as  a  whole ;  although  we  may  still  have  to  con- 
sider their  effect  upon  its  particles.  Vice  versa,  if  the  forces  (components) 
are  considered,  their  resultant  must  be  neglected. 


Fi«.  10. 


6-»l 
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23.  Anti-resultant.  The  anti-resultant  of  one  or  more  forces  is  a  single 
force  which,  acting  upon  any  body  or  system  of  bodies  considered  as  a  whole, 
produces  an  efifect  eoual,  but  opposite,  to  that  of  their  resultant.  In  other 
words,  the  anti-resultant  is  the  force  reouired  to  hold  the  given  force  or 
forces  in  equilibriiun.  Thus,  in  Fig.  10  (6),  the  upward  reacBon,  G,  of  the 
ffround,  is  the  anti-resultant  of  the  two  downward  forces,  w  and  W ;  and  the 
downward  resultant,  W  +  to,  of  W  and  to,  is  the  anti-resultant  of  G.  In 
Fig.  11  (6),  G  (upward)  is  the  anti-resultant  of  W  (downward)  and  to  (acting 
upward  through  the  left-hand  string).  Similarly,  this  upward  pull  of  to  is 
tiie  anti-resultant  <rf  W  and  G. 

24.  In  any  system  of  balanced  forces  (forces  in  equilibrium),  any  ope  of 
the  forces  is  the  anti-resultant  of  all  the  rest ;  and  any  two  or  more  of  them 
have,  for  their  j*esultsait,  the  anti-resultant  of  all  the  rest.  In  such  a  system, 
the  resultant  (and  the  anti-resultant)  of  all  the  (balanced)  forces  is  zero. 

25.  Anti-component.  The  anti-components  of  a  given  force,  or  of  a 
given  system  of  forces,  are  any  two  or  more  forces  whose  resultant  b  the  anti- 
resultant  of  the  given  force  or  of  the  given  system  of  forces. 

26.  Composition  and  Resolution  of  Forces.  The  operation  of 
finding  the  resultant  of  any  given  system  of  forces  is  called  the  composition  of 
forces ;  while  that  of  finding  any  desired  components  of  a  given  force  is  called 
the  resolution  of  the  force. 


*  For  convenience,  we  here  reverse  the  convention  of  If  10. 
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CoUnear  Forces* 


27.  Let  the  vertical  line,  w,  ^ig.  10  (b) 

he  weight  of  the  upper  stone  in  Fip. 

stone.     Then,  10  +  W,  ■■  G,  ■■  the  combined  length  of  the  two  lin* 


- -  ,      «-  --    represent,  by  any  eonvenient 

scale,  the  weight  of  the  upper  stone  in  Fip.  10  (a),  and  W  that  of  the  lower 


stone,  ihen,  10  +  W,  ■■  vi,  ■■  the  combined  length  of  the  two  Imea,  gives* 
by  the  same  scale,  the  combined  weight  of  the  two  stones,  and  a  vertical  line 
G,  coincident  with  them,  equal  to  their  sum,  and  pointing  upward,  would 
represent  their  anti-resultant,  or  the  reaetioa  o£  the  groutKU 


(a) 


d  m 


(6) 


x^o 


Idve  10  10  10 

10 

10  10 

IMoil  »     »     » 

9 

9     9 

Totalis   19  19 

19 

19   19 

J>*9< 


Fiff  •  IS. 


»-a«< 


::^ 


19 


94 


28.  Sirailarlv,  if,  at  eaeh  patiel  point  of  the  lower  chord  in  the  bridgs 

.     ^.      ,x  y  V    ^^  j^^  2  tons  dead  load  (weight  of  bridge  and  floor, 

kmd  (train,  vehidest^  cattle,  passengers,  eto.),  the  oom- 


I  in  fig.  12  (a),  we  have  2  tons  dead  load  (weight  of  bridge  and  floor, 
ete.*)  and  10  toas  live  load  (train,  vehicles,  cattle,  passengers,  etc),  the  com- 
bined lenffth  €f  the  two  lines  in  Fig.  12  (b),  L  -  10,  and  D  -«  2,  gives  the  total 


panel  load  of  12  tons. 

29.  In  Fig.  11  the  pressure,  5  lbs.,  of  W  upon  the  ground,  is  diminished  by 
the  3  lbs.  upward  puu  of  the  cord,  transmitted  from  the  smaller  weight  10, 
leaving  2  lbs.  upward  pressure  to  be  exerted  by  the«roa}od  in  order  to  main- 
tain equilibrium.  The  upward  reaction,  R,  of  the  pulley  is  —  w  +  W  —  G 
—  3  +  6  —  2  -(J,    This  is  represented  graphibally  in  Fig.  11  (c). 

30.  In  the  truss  shown  in.  Fig.  tl2  (a),  the  total  dead  and  live  load  Is  —  8 
X  12  —  72  tons,  and  half  this  total  load,  or  36  tons,  rests  upon  each  abut- 
ment. Hence,  to  preserve  equilibrium,  each  abutment  must  exert  an  ujp- 
ward  reaction  of  36  tons:  but,  in  order  to  ascertain  how  much  of  these  36 
tons  is  trantmitud  through  th§  widrpot^  a  c,  we  must  deduct  from  it  the  12 
tons  which  we  assume  to  be  originally  concentrated,  as  dead  and  live  load, 
at  the  panel  ^int  a;  for  this  portion  is  evidently  not  transmitted  throuc^ 
a  c.  Accordingly,  in  Fig.  12  (e),  we  draw  R  upward,  and  equal  by  scale  to 
36  tons:  and,  nt>m  its  upper  end,  draw  p  downward  and  ■•  12  tons.  The 
remainaer  ofR.  ""R  —  p."36-*12-"24  tons,  is  then  the  pressure  trans- 
mitted through  a  c, 

SI.  (^linear  forces  are  called  similar  when  they  are  of  like  sense,  and 
opposite  when  of  opposite  sense.  The  same  distinction  applies  to  result* 
ants. 


-^-4- 


-4-H- 


a 
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82.  For  eqalllbrtum.  under  the  action  of  coltneaF  forces,  it  is, 

of  course,  necessary  that  the  sum  of  the  forces  acting  in  one  sense  be  equal  to 
the  sum  of  those  acting  in  the  opposite  sense,  or,  m  other  words,  ttutt  the 
algebraic  sum  of  all  the  forces  be  lero.  Thus,  in  Fig.  13,  if  the  forces  are  in 
equilibrium,  the  sum,  ^  (f  +  a  o,  of  the  two  right-handed  forces  must  be 
equal  to  the  sum.  €d4-de  +  eo,  ol  the  three  left*handed  forces.  Or.  con- 
sidering the  right-handed  forces^  b  a  and  a  4>,  as  positive,  and  the  left-handed 
forces,  ed,  dc  and  c  o,  as  negative,  as  in  t  10*  ^'^  have,  as  the  condition  of 
equilibrium  of  colinear  forces: 

6a  +  ao  —  oe  —  erf  —  dtf  —  0. 


♦  The  dead  load  is.  of  course,  never  actually  concentrated  upon  one  chord, 
as  here  indicated;  but  it  is  often  assumed,  for  convenience,  that  it  ui  so 
concentrated. 
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In  other  words,  the  algebraic  smn  of  all  the  forces  must  be  sero;  or,  more 
briefly, 

2  forces  —  0, 

where  the  Greek  letter  2  (slgma),  or  sign  of  summation,  is  to  be  read  "The 
sum  of — ." 

33.  Two  equal  and  opposite  forces*  acting  upon  a  body,  are  com- 
monly said  to  keep  it  at  rest ;  but,  strictly  speaking,  they  merely  prevent  each 
other  from  moving  the  body,  and  thus  permit  it  to  remain  at  rest,  so  far  as 
they  are  concerned;  for  they  cannot  keep  it  at  rest  against  the  action  of  any 
third  force,  however  slight  and  in  whatever  direction  it  may  act ;  and  the 
body  itself  has  no  tendency  to  move. 

34.  Tin  equal  Opposite  Forces.  If  two  opposite  forces,  acting  upon 
a  body,  are  unequal,  the  smaller  one,  and  an  equal  portion  of  the  greater 
one,  act  against  each  other,  producing  no  effect  u^on  the  body  as  a  whole; 
while  the  remainder,  the  resultant,  moves  the  body  m  its  own  dixection. 


Concarrent  Coplanar  Forces.    The  Force  Parallelogram. 

35.  Composition.  Let  the  two  linos.  ao,ho,  in  any  of  the  diagrams  of 
Fig.  14,  represent,  in  magnitude,  direction  and  sense,  concurrent  forces 
whose  lines  of  action  meet  at  the  point  o.  Then,  in  the  paraUeloffram,  a  s  ^  o, 
formed  upon  the  lines  a  o,  b  o,  the  resultant  of  those  two  forces  is  reptre* 
sented,  in  magnitude  and  in  direction,  by  that  diagtmal,  R.  which  passes 
tfafough  the  point,  o,  of  concurrence.  The  parallekogram,  «  c  fr  <n  is  called  a 
force  parallelogram. 


Plff.  14. 

36.  Resolution.  Conversely,  to  find  the  components  of  a  given  force, 
o  o^  Fig.  14,  when  it  is  resolved  in  any  two  ^iven  directions,  o  a,  o  d,  draw  the 
lines,  o  a\  o  h\  in  those  directions  and  of  mdennite  length,  and  upon  theas 
lines,  with  the  diagonal  TX  -^  o  c.  construct  the  force  parallelogram  a  ch  q. 
The  sides,  o  a,  ob,  of  the  parallelogram  then  represent  the  required  compo- 
nents in  amoimt  and  iii' direction. 

37.  Caution.  The  two  forces,  a  o  and  6  o,  Fig.  14,  may  act  either  toward 
or  from  the  point  o;  or,  in  other  words^  they  may  act  either  as  pulb  or  as 
pushes;  but  the  lines  representiiig  them  m  the  parallelogram,  and  meeting  at 
the  point,  0,  must  be  drawn,  either  bo^h  as  nushes  or  both  as  pulls;  and  the 
resultant,  R,  as  represented  by  the  diagonal  of  the  iMtraUelogram,  will  be  a 
pull  or  a  push,  according  as  the  two  forces  are  represented  as  pulls  or  as 
pushes. 

38.  Thus,  in  Fig.  10  (a),  the  inclined  end-poet  of  the  truss  pushes  obliouely 
downward  toward  o,  with  a  force  represented  by  a'  o,  while  the  lower  Miord 
pulls  away  from  o,  toward  the  ri^t,  with  a  force  represented  by  o  V.  If, 
now,  we  were  to'  construct,  in  Fig.  16  (a]),  the  parallelogram  0  a*  &  V,  we 
should  obtain  the  diagonal  o  &  or  cf  o,  which  does  not  represent  the  true  re- 
sultant. In  fact,  as  one  of  the  two  forces  acts  toward,  and  the  other  from, 
the  point,  o,  we  could  not  tell  (even  if  R'  were  the  direction  of  the  resultant) 
in  which  eense  its  arrow  should  point. 

We  must  first  either  suppose  the  push,  a*  o,  in  the  end-poet,  toward  e,  to  be 
carried  on  beyond  o,  so  as  to  act  as  a  pull,  o  a.  Fig.  15  (o)  (of  course,  in  the 
same  direction  and  sense  as  before),  thus  treating  both  forces  as  pulls;  or 
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else  we  must  similarly  suppose  the  pull,  0l/,in  the  chord*  to  be  transformed 
into  the  push,  6  o,  of  Fig.  15  (c),  thus  treating  both  forces  as  pushes.  In 
either  case  we  obtain  the  true  resultant,  R  ( —  a'  6',  Fig.  15a},  which,  in  this 
case,  represents  the  vertical  downward  pressure  of  the  end  of  the  truss  upon 
the  abutment. 


Fir*  15. 

Caution.  The  tensile  force,  exerted  at  the  end  of  a  flexible  tie,  neces- 
sarily acts  in  the  line  of  the  tie;  b«it.  iti  general,  the  pressure,  exerted  at 
the  end  of  a  strut,  acts  in  the  line  of  the  axis  of  the  strut  only  when  aM 
the  forces  producing  it  are  applied  at  the  other  end  of  the  strut.  Thus» 
in  Fig.  15  ((f).  the  components,  R  and  H.  of  the  weight,  W.  do  not  coin- 
cide with  the  axis  of  the  beam  whieh  supports  the  load;  but  in  Fig.  16 
(e),  where  the  weight  acts  at  the  interseotioa  of  the  two  struts,  its  eon- 
ponents,  R  and  H,  do  coincide  with  the  axes  oi  the  struts.  See  also  Figs. 
143  and  145  (6). 

Demonstratton.    The  rational  demonstration  of  the  principle  of 


the  force  parallelogram  is  given  in  treatises  on  Mechanics.     (See  Biblio 
raphy.)     It  may  be   established  experimentaUgr  as  indicated  in  Fig.  16, 
where  c  o  represents  by  scale  the  pull  shown  by  the  spiing  bidafioe  C<,  while 


Flff.  16. 

40.  Equations  for  Componenta  and  Resultant.  Given  the 
amounts  of  the  forces,  a  and  c,  or  of  the  resultant,  R,  and  the  angles  formed 
between  them.  Fig.  17  (o),  we  have*: 


*  See  dotted  tines.  Fig.  17  (a),  noting  that  cf  '^  c\  c.  sin  («  +  y)  • 
2,  and  a.  sin  (x  +  v)  >*  R.  sin  y. 


R.  sin 
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_,       ^   sin  (»  +  y) 
*^  ^         sin  X 

sin  y 

""sin  (a;  +  y)' 

u       sin  y 
"       "sin(x"4-ir) 

If  the  angle  between  the  two  forces  is  90°,  Fig.  17  (6),  these  formulas  be* 
come: 


cos  y    ■   cos  X 
c  —  R  cos  y;    a  —  R  cos  x. 


Figr.  17. 

41.  Position  and  Sense  of  Resultant.  Figs.  18.  If  the  Unee 
representing  the  components  be  drawn  in  accordance  with  tf  37  and  38, 
and  if  a  straight  line,  m  n  or  m'  n\  be  drawn  through  the  point,  o,  of  concur- 
rence, in  such  a  way  that  both  forces  are  on  one  side  of  that  line,  then  the  line 
representing  the  resultant  will  be  found  upon  the  same  side  of  that  line  with 
the  components,  and  between  them :  and  it  will  act  toward  the  line,  m  n  or 
m'  n^  if  the  components  act  toward  it,  and  vice  vena.  The  resultant  is 
necessarily  in  the  same  plane  with  its  two  components. 


Fir.  18. 


Wig.  10. 


42.  If  one  of  the  components  is  oolinear  with  the  force,  it  is  the  force  itself, 
and  the  other  component  is  sero.  In  other  words,  a  force  cannot  be  resolved 
into  two  non-colinear  components,  one  of  which  is  in  the  line  of  action  of  the 
force.  Thus  the  rope,  o  c.  Fig.  19,. may  receive  assistance  from  two  ad- 
ditional ropes,  pulling  in  the  directions  a  c,  and  cb;  for  the  resultant  of  their 
pulls  may  coincide  with  o  c;  but,  so  long  as  o  c  remains  vertical,  no  single 
force,  as  c  a  or  c  6,  can  relieve  it,  unless  acting  in  its  own  direction  c  o. 

43.  In  Fig.  20.  the  load,  P,  placed  at  C,  is  suspended  entirely  by  the  verti- 
cal member  B  C,  and  exerts  directly  no  pull  alonff  the  horizontal  member, 
C  E.  Neither  does  a  pull  in  the  latter  exert  any  effect  upon  the  force  acting 
in  B  C,  so  long  as  B  O  remains  vertical.  But  the  tension  in  B  C,  acting 
at  B.  does  exert  a  thrust  o  a  along  B  D,  although  that  member  is  at  right 
angles  to  B  C;  for  B  C  meets  there  also  the  inclined  member  A  B;  and 
the  tension  o  d  is  thus  resolved  into  o  a  and  o  b,  along  B  D  and  B  A 
resi>ectively.  The  horizontal  thrust,  o  a,  in  B  D,  is  really  the  anti-resultant 
of  the  horizontal  component,  db,  ot  the  oblique  thrust  in  the  end-poet  B  A, 
at  its  head.  B.  which  thrust  is  =  the  pull  in  A  £.  due  to  P. 
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44.  In  Ffg.  21,  th«  tansion,  o  «,  in  the  inclined  tie«  D  G,  is  rMolved,  at  D, 
into  o  a  and  o  b,  acting  at  right  angles  to  each  other  along  D  F  and  D  £  re< 
epectively. 

45.  A  resultant  may  be  either  greater  or  less  than  either  one  of  its  two 
oblique  oomponenta,  but  it  is  always  less  than  their  sum.  If  the  components 
are  equal,  and  if  the  angle  between  them  — 120°,  the  resultant  is  eaual  to  one 
of  them.  Therefore  the  same  weight  which  would  break  a  single  vertical 
rope  or  poet,  would  break  two  such  ropes  or  posts,  each  inclined  60°  to  the 
vertical. 


Fly.  20. 


Flff.  21. 


The  Force   Triangle. 

46.  The  Force  Triangle.  Inasmuch  as  the  two  triangles,  into  which  a 
paralldogram  is  divided  by  its  diagonal,  are  similar  and  equal,  it  is  suffi- 
cient to  draw  either  one  of  these  trianoles,  aoc  or  bo  c,  Figs.  14,  16,  18,  in- 
stead of  the  entire  paralldogram. 

47.  If  three  concurrent  coplanar  forces  are  in  equilibrium,  the  lines  rep- 
resenting them  form  a  triangle;  and  the  arrows,  indicating  their  senses, 
follow  each  other  around  the  triangle.  Thus,  in  Fijs.  22  (a),  we  have,  acting 
at  o  and  balancing  each  other  there,  three  forces :  viz.,  (1)  the  vertical  down- 
ward force  o  c  of  the  weight,  acting  as  a  pull  through  the  rope  o  c,  (2)  the 
horizontal  thrust  a  o  through  the  beam  a  o,  and  (3)  the  upward  inclined 
thrust  &  o  of  the  strut  o  &,  all  acting  in  the  senses  (o  c,a  o,b  o)  in  which  the 
letters  are  taken,  and  as  indicated  by  the  arrows. 

48.  Each  of  the  forces  in  Fig.  22  (&)  and  (c)  b  the  anti-resultant  of  the 
other  two  in  the  same  triangle;  and,  iif  its  sense  be  reversed,  it  becomes  their 
resultant.  Thus,  o  c,  Fii;.  22  (&),  is  the  anti-resultant,  and  c  o  the  resultant, 
of  c  a  and  a  o;  and  o  c.  Fig.  22  (c),  is  the  anti-resultant,  and  c  o  the  resultant 
of  cb  and  bo,  cb  being  parallel  to  a  o.  Fig  (6).  and  representing  the  thrust 
exerted  by  the  horizontal  beam  against  the  joint  o.  Fig.  (fl)* 


(«) 


(6)     (C) 


(«) 


id) 


FliT.  29. 


♦Fig.  22  (d)  and  (c),  representing  the  aame  two  forces,  a  o,  b  o,  of  Fig. 
22  (a),  show  the  erroneous  resultant  {a  I?  obtained  if  the  lines  are  drawn 
with  their  arrows  pointing  both  toward  or  both  from  the  meeting-point  of  the 
lines.  See  tt  37,  38.  A  comparison  of  any  force  pat^Uelogram,  as  that 
in  Fig.  18,  with  either  of  the  two  force  triangles  composing  it,  will  show 
that  this,  while  apparently  contradicting  ^t  37  and  38,  is  merely  another 
statement  of  the  same  fact.  The  apparent  contradiction  is  due  to  the 
fact  that,  in  the  force  triangle,  the  lines  representing  the  forces  do  not 
meet  a«  the  point,  o,  of  concurrence  of  the  forces.  ,^  r 
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40.  Conirenely,  !f  the  three  sides  of  a  triangle  be  taken  as  representins, 
in  direclicm  and  in  amount,  three  concurrent  forces  whose  senses  are  axtm 
that  arrows,  representing  them  and  affixed  to  their  respective  sides  in  the 
triangle,  follow  each  other  around  it,  then  those  forces  are  in  equilibrium. 

50*  The  tbree  forces*  Fig.  23,  are  proportional,  respectively,  to  ihm 
aines  of  their  opposite  angles.    Thus: 


Force  a  :  force  h  :  force  o 
—  Sin  A  :  sin  B  :  sin  C.       Flfr*  38* 


,  51.  Example.  In  Fig.  24,  the  half  arch  and  its  spandrel,  acting  as  a 
nngle  ri^d  body,  are  assumed  to  be  held  in  equilibrium  by  their  conibined 
weight,  W,  the  horizontal  pressure  h  at  the  crown,  and  the  reaction  R  of  the 
skewback,  which  is  assumed  to  act  through  the  center  of  the  skewback.  In 
the  force  triangle  c  a  t,  c  a,  acting  through  the  center  of  gravity  of  the  half 
arch  and  spandrel,  represents  the  known  weight  W,  and  a  t  ia  drawn  hori- 
zontal, or  parallel  to  k  .  From  c,  where  h,  produced,  meets  the  line  of  ac- 
tion of  W,  draw  c  t  through  the  center  of  the*  skewback.  Then  a  t  and  c  I 
give  us  the  amounts  of  h  and  R  respectively. 


Vig.  S4. 


Figr. 


5)3.  Example*  Let  Fig.  25  represent  a  roof  truss,  resting  upon  its  abut- 
ments and  carrying  three  loads,  as  shown  bv  the  arrows.  Draw  a  R  ver- 
tically, to  represent  the  proportion  of  the  loads  carried  by  the  left  abut- 
ment, a,  or,  which  is  the  same  thing,  the  vertical  upward  reaction  of  that 
abutment.  Then,  drawing  R  c,  parallel  to  the  chord  member,  a  d,  to  inters 
sect  a  e  in  c,  we  have,  for  the  stresses  in  a  e  and  a  d,  due  to  the  three  loads: 
Stress  in  a  e  =  a  e 
"       '*  ad  =  Re 


,         («)  6' 


Fly.  26. 

53.  While  any  two  or  more  given  forces,  as  o  6  and  b  c,  Fig.  26  (a)  (arrows 
reversed),  or  o  b'  and  b'  c,oroa  and  a  c,  or  o  a'  and  a'  c,  can  have  but  one  re- 
sultant o  c;  a,  sinijle  force,  asoe,  may  be  resolved  into  two  or  more  concur- 
rent components  m  anv  desired  directions.  In  other  words,  there  is  an 
infinite  number  of  possible  systems  of  concurrent  forces  which  have  o  c  for 
their  resultant. 
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A^ctaaffular  Compoaenti. 

54.  Besolutes»  or  Bectansular  Components.  A  very  common  case 
of  resolution  of  forces  is  that  where  a  force,  as  the  pressure,  c  n,  of  the  poet, 
Fig.  27,  is  to  be  resolved  into  components  at  right  angles  to  each  other,  as  are 
the  vertical  and  horizontal  components  c  t  and  I  n  in  Fig.  27  (a).  Two  such 
components,  taken  together,  are  called  the  resolutes  or  rectangular  compo- 
nents of  the  force.  The  joint,  o  d,  in  Fig.  27  (a),  is  properly  placed  at  right 
angles  to  c  n;  but  the  joint  e  i  6,  Fig.  27  (6),  provides  also  agamst  accidental 
changes  in  the  direction  at  en.  In  Fig.  27  (o),  the  surfaces,  c  t  and  i  b,  are 
preferably  i>roportioned  as  the  components,  c  i  and  t  n.  Fig.  27  (a),  respec- 
tively, by  simuarity  of  triangles,  ctb^  c  tn. 


mg.  27. 


t;;.J 
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55.  Example.  In  bridge  and  roof  trusses  it  is  often  required  to  find  the 
vertical  and  horizontal  resolutes  of  the  stress  in  an  inclined  member,  or  to 
find  the  stress  brought  upon  an  inclined  member  by  a  given  vertical  or  hori- 
zontal stress  applied  at  one  of  its  ends,  in  conjunction  with  another  stress 
(whose  amount  may  or  may  not  be  given)  at  right  ang;les  to  it. 

Thus,  in  Fig.  28,  the  tension  C  p  in  the  diagonal  C  d  is  resolved  into  a  com- 
pression e  p  along  the  upper  chord  member  CD*  and  a  compression  C  « in  the 
post  C  c*  Addmg  to  C  «  the  load  at  c,  and  representing  their  sum  by  /  c,  we 
nave  tension  f  g  in  chord  member  c  d,  and  tension  c  g  in  the  diagonal  B  c. 
Making  B  A  *-  c  ff.we  have /A,  compression  in  B  C,  and  B  ;',  compression  in 
the  end-post  or  batter  post  B  A.  But  the  load  at  b  also  sends  to  B,  through 
the  hip  vertical  B  6,  a  load  (tension)  equal  to  itself.  Representing  this  by 
B  A;,  we  have  Z  A;  as  its  component  along  the  chord  member  B  C,  and  B  /  as  its 
component  along  the  end-post  B  A.  Now,  making  Am  —  the  sum  of  B; 
and  B  I,  we  find  the  vertical  resolute  A  n  —  so  much  of  the  vertical  reaction 
of  the  abutment  as  is  due  to  the  three  loads  only,  and  the  horizontal  resolute 
mn  "  the  corresjwnding  stress  in  the  chord  member,  A  c. 


Wig.  29. 
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56.  Example.  Inclined  Plane.  Again,  in  Fig.  29.  let  it  be  required 
to  find  the  two  resolutes  of  P  (the  weight  of  the  ball)  respectively  parallel  and 
perpendicular  to  the  inclined  plane.  The  former  is  the  tendency  of  the  ball 
to  move  down  the  plane,  and  is  called  the  tangential  component.    The 


♦The  stress  thus  found  is  not  necessarily  the  McU  stress  in  the  member. 
The  compression  in  C  c  (neglecting  its  own  weight  and  that  of  the  top  chord) 
is  due  entirely  to  the  tension  0  p  in  C  d,  acting  at  its  top,  and  hence  C  e  rep- 
resents the  total  compression  in  C  c;  but  «  p  is  only  a  portion  of  the  com- 
pression sustained  by  C  D ;  for  B  C  also  contributes  its  share  toward  this. 
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latter  is  the  pressure  of  the  ball  against  the  plane,  and  is  called  the  normal 
component. 

Here  we  have  only  to  draw  the  triangle  of  forces  oac*  drawing  o  c  —  P  to 
represent  the  weight  of  the  ball,  and  o  a  and  a  c  in  the  required  directions. 
Then  o  a  and  a  c  give  respectively  the  normal  and  the  tangential  components 
of  the  force,  P.f 

57.  If  we  suppose  the  inclined  plane  g  m,  Fig.  29,  to  be  frictionless,  and  if 
the  body  o  is  to  be  prevented  from  sliding  down  the  plane,  by  means  of  a  force 
applied  in  a  direction  parallel  to  the  plane,  that  force  must  be  ~  c  a. 

Thus,  in  Fig.  30,  supposing  the  plane  o  m  to  be  frictionless,  we  have  a  c 
"■   pressure  against  the  stop,  8, 

58.  Table  of  normal  and  tangential  components  for  different 
angles  of  inclination: 


Pres  on 

Tendency 

Inclination  or  Slope  of  the  Plane. 

.      .        ^  .        Tertlcal  height 
The  .loping  lepgth  U  =*     ,ine,ool8.  ' 

Plane,  In 
paru  of  the 
wt.    Or,  nat. 
oos.  of  angle 

of  Plane. 

Pres.  on 

Plane,  in  ttw 

per  ton. 

down  the 

Plane,  in 

parte  of  the 

wt.    Or,  nat. 

•Ine  of  angle 

of  Plane. 

down  the 

Plane,  in  Iba 

per  ton. 

Tert.     Hor. 

Pt.  per  mile. 

Deg.  Min. 

1    in       S. 

1760.00 

18      26 

.9487 

2125 

.8162 

708. 

1    in       4. 

1320.00 

14        2 

.9702 

2173 

.2425 

643. 

1    in       &. 

1056.00 

11      19 

.9806 

2196 

.1962 

439. 

1    in       8. 

880.00 

9      28 

.9864 

2210 

.1645 

368. 

1    in       8. 

660.00 

7        8 

.9923 

2223 

.IMS 

278. 

1    in       9. 

?jsg.<W 

6      20 

.9939 

2226 

.1101 

247. 

1    in      10. 

OJs.DO 

5      43 

.9950 

2229 

223. 

1    in      11.4 

■ir,:.i.)t 

5      00 

.9962 

2231 

.0872 

19ft. 

1    In     12. 

m).w 

4      46 

.9965 

2282 

.0881 

186. 

1    in      14.S 

■.ir,:K2:i 

4  .  00 

.9976 

2232 

.0686 

156. 

1    in     15. 

■f.ii'J.dO 

8      49 

.0978 

2238 

.0666 

149. 

1    in     li».l 

■J7(>.73 

8      00 

.9986 

2237 

.0523 

117. 

1    In     20. 

2tU.(iO 

2      52 

.9987 

.0500 

112. 

1    in     2.1.1 

'Jv'lMH 

2      30 

.9990 

•« 

.0436 

97.T 

1    in     25. 

■Jll.-io 

2      17 

.9992 

-2288 

.0386 

89.2 

1    In      S28.6 

iHLiiG 

2      00 

.9994 

•« 

.0349 

78.2 

1    in     30. 

]7t;.(iO 

1      55 

" 

.0834 

74.8 

1    in     32.7 

1(11, t: 

1      45 

.9995 

2239 

.0365 

68.4 

1    in     35. 

loU.MJ 

1      38 

.9996 

.0285 

63.8 

1    In      38.2 

l:iK/jj 

1      80 

.98»7 

2240 

.0262 

6&« 

1    in     40. 

U:i.W 

1      26 

.0250 

56.0 

1    in      45.8 

115.29 

1      15 

•• 

.0218 

488 

1    In     50. 

105.60 

1        9 

.W9e 

«• 

.0201 

43.0 

1    in     57. S 

92.16 

1        0 

•< 

.0176 

89.1 

1    in      (to. 

88.00 

0      67« 

.9999 

" 

.0167 

37.4 

1    in      70. 

75.43 

0      49 

.0143 

32.0 

1    in      76.4 

69.12 

0      45 

•« 

.0131 

29.3 

1    in     80. 

66.00 

0      43 

•« 

.0125 

28.0 

1    in      90. 

58.67 

0      88 

«• 

.0111 

24.9 

1    in    100. 

52.80 

0      34 

1.0000 

" 

.0100 

22.4 

1    in    114.6 

46.07 

0      30 

" 

.0067 

19.6 

1    in    125. 

42.2* 

0      27H 

•i 

.0080 

17.9 

1    In    ISO. 

35.20 

0      23 

•« 

.0067 

15.0 

1    In    175. 

30.17 

0      19H 

" 

.0057 

12.8 

1    In    200. 

16.40 

0      17 

«• 

.0050 

11.2 

1    in    229  2 

23.04 

0      15 

" 

.0044 

9.77 

1    in    250. 

21.12 

0      14 

« 

.0041 

9.18 

1    In    .HOO. 

17.«0 

0      11^ 

t< 

.0033 

7.39 

1    in    343.9 

15M 

e    10 

II 

.6029 

6.52 

1     In    400. 

13.20 

0        8^ 

t< 

.0025 

5.60 

I     in    500. 

10.56 

0        7 

•• 

.0020 

4.48 

1    in    600. 

8.66 

0        6 

«« 

.0017 

3.81 

1    in    800. 

6.60 

s   t^ 

•• 

.0013 

2.91 

1    in  1000. 

5.28 

•« 

.0016 

2.U 

1    in  S4S7. 

1.54 

0        1 

•* 

.0008 

0.66 

LeT«L 

0.00 

0       0 

" 

.0000 

0.00 

L 


*  Or  o  &  e.  If  both  triangles  are  drawn,  we  have  the  force  parallelogram, 
o  a  c  b. 

tThe  line  a  <;  (or  c  a)  is  called  the  projection  of  o  c  upon  the  inclined 
plane;  and  o  a  (or  a  o)  is  the  projection  oi  o  c  upon  a  normal  to  the  inclined 
plane. 
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50.  Equations.     In  Fig.  29, 

o  a  ■=   P  .  CCS  c  o  a 
a  c   —   P  .  sin  c  o  a 
and,  since  the  angle  co  a  between  the  vertical  o  c  and  the  normal  component 
o  a  is  equal  to  the  angle  A  of  inclination  between  the  plane  g  m  and  the  hori- 
zontal g  n,  we  have : 

Normal  oomponent,        o  o  —   P  .  cos  A. 
Tangential  component,  a  c  —  P  .  sin  A. 

60.  When  a  force  is  resolved  into  rectangular  components,  as  in  Figs.  29 
and  30,  each  of  these  components  represents  the  total  effort  or  tendency  which 
that  force  alone  can  exert  tn  that  direction. 


Thus,  in  Fig.  31,  the  utmost  force  whi(fh  the  weight  o  c  alone  can  exert 
perpendicularly  againet  the  plane  is  that  represented  by  the  component  o  a. 
True,  if.  in  order  to  prevent  the  body  from  sliding  down  the  plane,  we  apply 
a  force  In  some  other  direction,  such  as  the  horizontal  one,  h  o,  instead  of  the 
tangential  one  6  o,  and  find  the  components  of  o  <;  in  the  directions  h  o  and  o  a, 
we  shall  find  the  normal  component  o  d  greater  than  before ;  but  the  increase 
a  d  is  due  entirely  to  the  normal  component,  h  h,  of  the  horizontal  force  h  o. 
Thus,  the  only  effect  upon  the  body  o,  and  upon  the  plane,  of  substituting 
A  o  for  &  o,  is  to  add  the  normal  component,  A  b,  of  the  former,  to  that  (o  a) 
of  o  c. 

Stress  Components. 

61.  Stress  Components.  In  Fis.  82,  let  a  o  and  ^  o  be  any  two  frToes. 
and  c  o  their  resultant.  From  a  and  o  draw  a  a'  and  6  V  at  ri^t  angles  to 
the  diagonal  o  c  of  the  force  parallelogram  a  oh  c,  and  construct  the  sub* 
parallelograms  (rectangles),  oa'  a  a"  and  oh' h  h".  £ach  of  the  original  com- 
ponents,  o  a,  oh,  is  thus  resolved  into  two  sub-components,  perpendicular  to 
each  other,  one  of  which  is  perpendicular  also  to  the  resultant,  o  c,  whUe  the 
other  coincides  with  o  c  in  position  and  in  sense.  Now,  perpendiculars,  let 
fall  from  the  opposite  angles  of  a  parallelogram  upon  its  diagonal,  are  equal. 


^^^-- 
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Hence  the  two  colinear  forces,  o  a''  and  o  h'\  acting  upon  the  body  at  o,  are 
equal  and  opposite  (although  the  linesj  a'  a  and  6' ft,  representing  them,  are 
not  opposite).  Hence  also  they  are  m  equilibrium,  and  their  only  effect 
upon  the  body  is  a  stress  of  compression  in  Fig.  82  (a),  and  of  tension 
in  Fig.  32  {h).  They  may  therefore  be  called  the  stress  components.  The 
other  two  sub-components  (o  a'  of  o  a,  and  o  6'  of  o  h)  combine  to  form  the 
resultant  o  c,  which  is  equal  to  their  sum,  and  which  tends  to  move  the  body 
©  in  its  own  direction.  ^,^,^_,  ^^  GoOqIc 
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62.  The  two  great  forces,  oa,  oh,  in  Fig.  33  (6)  have  the  same reiultant, 
oc,  —  o  c',  as  the  two  small  forces,  o  a'  o  b\  in  Fig.  33  (a),  although  their 
stress  components,  a"  a,  —  V  b,  are  much  greater. 

63*  It  often  happens  that  one  of  the  components  is  itself  normal  to  the 
resultant.  Thus,  m  Fig.  22,  where  o  c  is  vertical,  its  component,  o  a,  is  hori- 
zontal, and  the  perpendicular,  let  fall  from  a  upon  o  c,  represents  its  hori- 
zontal anti-compjonent,  o  o.  Here  the  horizontal  and  the  inclined  beam 
sustain  equal  horizontal  pressures;  but  the  vertical  pressure,  o  c,  "  the 
weight,  W,  is  borne  entirely  by  the  inclined  beam. 


Fly.  38. 
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_  _.  When,  as  in  Fig.  34,  the  residtant.  o  e,  forms,  with  one  of  the  original 
components,  o  a  and  o  o,  an  angle,  aoc,  greater  than  90*^,  the  perpendiciuars, 
a  a',  b  b\  from  a  and  b,  must  be  let  fall  upon  the  line  of  the  resultant  produced. 
Here,  however,  as  before,  the  two  equal  and  opposite  sub-componente,  o  a" 
and  o  Vt  are  in  equilibrium  at  o,  while  the  other  two  sub-components,  o  V  and 
o  a',  go  to  make  up  the  resultant  o  c;  which,  however  (since  o  h'  and  o  a'  here 
act  in  opposite  senses)  is  equal  to  their  difference,  and  not  to  their  sum,  as  in 
Fio.  32. 

Fig.  34  shows  that  a  dovmward  force,  o  c,  may  be  so  resolved  that  one  of  its 
components  is  an  upward  force,  o  a,  greater  than  the  original  dovmtpard  force, 
and  that  the  pressure,  o  b,  has  a  component,  o  &'  or  V  b,  parallel  to  o  c,  ana 
greater  than  o  c  itself ;  for  b"  b  '^oV'^oc  +  ch'. 


Applied  and  Imparted  Forces. 

65.  Applied  and  Imparted  Forces*  In  Fig.  29,  the  ball  is  free  to 
roll  down  the  inclined  plane.  Hence,  although  the  entire  weight  P  of  the 
ball  is  applied  to  the  body  g  mn,  only  the  normal  component  o  a  is  imparted 
to  it  or  exerts  any  pressure  upon  it,  and  this  pressure  is  in  the  direction  o  a. 

But  in  Fig.  30,  the  bodv  g  mn  receives  and  resists  not  only  the  normal 
component  o  a,  but  also  (by  means  of  the  stop  a)  the  tanaential  component 
o  h;  and  the  entire  force  F,  or  o  c,  is  thus  imparted  to  the  body  g  mn^  press- 
ing it  in  the  direction  o  c.  ' 


Composition    and   Resolution  of   Concurrent    Forces  by  Means 
of  Co-ordinates. 

66.  In  Fig.  35  (a)  let  the  three  coplanar  forces  E,  F  and  G  act  through 
the  point  x.  Draw  two  lines,  H  H,  and  V  V,  Fig.  36  (6),  crossing  each 
other  at  right  angles,  as  at  o.*  These  lines  are  called  rectangular  co-ordin- 
ates. From  o,  draw  lines  E  o,  F  o,  G  o,  parallel  to  E  x,  F  x,  Crx,  Fig.  36  (a), 
and  equal  respectively  to  the  forces  E,  F,  and  G  by  any  convenient  scale.  Re- 
solve each  of  these  forces.  Fig.  35  (6),  into  two  eomponents,  parallel  to  H  H 
and  V  V  respectively.  Thus,  E  o  is  resolved  into  t  o  and  n  o,  F  o  into  u  o 
and  e  o,  G  o  into  i  o  and  m  o.  Then,  summing  up  the  resolutes,  we  have : 
Sum  of  horizontal  resolutes  —  u  o  —  io  —  /o  —  —  a  o,  and 
Sum  of  vertical       resolutes  —  no  +  e  o  —  mo  '^  ao; 


*It  is  only  for  convenience  that  the  co-ordinates  are  usually  drawn  (as  in 
Fig.  35)  at  right  angles.  They  may  be  drawn  at  any  other  angle  (see  Fig. 
36) ;  but,  in  any  case,  the  forces  must  of  course  be  resolved  into  components 
parallel  to  the  co-ordinaiee,  whatever  the  directions  of  those  co-ordinates  may 
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and  —  9  0  and  a  o  are  th«  iwohitet  of  the  rCMnltantt  R^  of  the  three  forces;  E, 
F  and  G. 

67.  When  a  system  of  (ooncurrent)  forces  is  in  equilibrium,  the  algebraic* 
sum  of  the  components  of  all  the  forces,  along  either  of  the  two  co-ordinates, 
is  sero.  Thus,  m  Fig.  35  (6)  or  36.  if  the  sense  of  R  be  such  that  it  shall  act  as 
the  anti-resultant  of  the  other  three  forces  £,  F  and  Q,  its  component,  d  «  or 
o  a,  along  either  co-ordinate,  will  be  found  to  balance  those  of  the  other 
forces  along  the  same  co-ordinate. 
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Hence  we  hare  the  very  important  proposition  that :  When  a  systeni  of 
concurrent  coplanar  forces  is  in  equilibrium,  the  algebraic  sums  of  their  com- 
ponents, in  any  two  directions,  are  each  equal  to  sero. 


Fly.  S6. 

68.  Convenely,  in  a  system  of  concurrent  forces,  if  the  algebraic  sums  of 
the  components  in  any  two  directions  are  each  equal  to  zero,  the  forces  are 
in  equilibrium. 

If  the  sum  of  the  components  in  one  of  any  two  directions  is  not  equal  to 
sero,  the  forces  cannot  be  in  equilibrium.  Thus,  in  Fig.  35  (5)  or  36  (o),  the 
sum  of  the  components,  along  either  one  (as  VV)  of  the  two  co-ordinates, 
may  be  sero|  and  yet,  if  the  sum  of  those  along  the  other  co-ordinate  is 
not  sero,  their  resultant,  or  algebraic  sum,  will  move  the  body,  on  which 
they  act,  in  the  direction  of  that  resultant. 


♦The  components  being  taken  as  +  or  — ,  according  to 
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69.  With  vertical  and  horiEoutal  co-ordinatoi,  the  condition  of 
equilibrium*  becomes : 

The  sum  of  the  horizontal  resolutee  must  be  equal  to  zero; 
The  sum  of  the  vortical      resolutes  must  be  equal  to  eero; 
or,  more  briefly: 

2  horizontal  resolutes  —  0 
2  vertical       resolutes  —  0 
Conversely,  if  these  conditions  are  fulfilled,  the  forces  are  in  equilibrium. 


Flff.  37. 
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Fftir.  39. 


70.  Resultant  of  More  than  Two  Coplanar  Forces.    Where  it 

is  required  to  find  the  resultant  of  more  than  two  concurrent  and  coplanar 
forces,  as  in  Fig.  37,  we  may  first  find  the  resultant  Ri  of  any  two  of  them, 
as  of  P]  and  Pj;  then  the  resultant,  R?,  of  Ri  and  a  third  force,  as  Pg;  and  so 
on,  until  we  finally  obtain  the  resultant  R  of  all  the  forces.  This  resultant  is 
evidently  concurrent  and  coplanar  with  the  given  forces. 

71.  It  is  quite  immaterial  in  what  order  the  forces  are  taken. 
Thus,  we  may,  as  in  Fig.  38,  first  combine  Pi  and  Pg;  then  their  resultant  Ri 
with  F3,  obtaining  R«;  and,  finally,  R^  with  P4,  obtaining  R;  or,  as  in  Fig.  39, 
we  may  first  combine  any  two  01  the  forces,  as  Pi  and  P2,  obtaining  their 
resultant  Ri ;  tnen  prooeed  to  any  other  two  forces,  as  P3  and  P4,  and  obtain 
their  resultant  R2;  and  finally  combine  the  two  resultants,  Ri  and  R2,  ob- 
taining the  resultant  R, 

The  Force  Polygon. 

73.  The  Force  Polygon.  Comparing  Figs.  37  and  38  wiih  Figs.  40 
and  41,  respectively,  we  see  that  we  may  arrive  at  the  same  resultant  R  by 
simply  drawing,  as  in  Fig.  41,  linen  representing  the  several  forces  in  any 
order,  but  following  each  other  according  to  their  senses.  It  will  be  noticed 
that  this  is  merely  an  abbreviation  of  the  process  of  drawing  the  several  force 
parallelogram^. 

73.  Resultant  and  Anti-resultant.  The  line, — R,  required  to  com- 
plete the  polygon,  represents  the  an<r-resultant  of  the  other  forces  if  its  sense 
IS  such  that  it  folloioa  them  around  the  polygon,  as  in  Fig.  40.  If  its  sense  is 
opposed  to  theirs,  as  in  Fig.  41,  it  is  their  reBxUtant,  R. 

74.  In  other  words,  if  any  number  of  concurrent  forces,  as  Pj,  Pj,  P*  P* 
and  R,  Figs.  37  and  38, t  are  in  eauilibrium,  the  lines  represent m^  them,  if 
drawn  in  any  order,  but  so  that  tneir  senses  follow  each  other,  will  form  a 
closed  polygon,  as  in  Fig,  40  (or  in  Fig.  41  if  the  sense  of  R  be  reversed). 

75.  Conversely,  if  the  lines  representing  any  system  of  concurrent 
coplanar  forces,  when  drawn  with  their  senses  following  each  other,  form  a 
closed  polygon,  as  in  Fig.  40,  those  itorces  are  in  equilibrium. 


♦With  non-concurrent  forces,  another  condition  must  be  satisfied.  See  ^  83. 
tR  is  here  regarded  as  tending  upward,  so  as  to  form  the  anit-resultant  of 
the  oth^  foreee. 
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It  will  be  noticed  that  the  force  triangle,  and  the  straight  line  representing 
a  system  of  colinear  forces,  Fies.  10  and  11,  tl  20,  etc.,  or  a  system  of 
parallel  forces,  Figs.  55,  etc.,  ^'B  111,  etc.,  are  merely  special  cases  of  the 
force  polygon. 

76.  In  a  forced  polygon.  Fig.  42,  any  one  <^  the  forces  is  the  anti-resultant 
of  all  the  rest.  An^  two  or  more  of  the  forces  balance  all  the  rest ;  or,  their 
resultant  is  the  anti-resultant  of  all  the  rest. 

If  a  line  a  c  or  bd,  Fig.  42,  be  drawn,  connecting  any  two  corners  of  a  force 


F%.  41. 
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polygon,  that  line  represents  the  resultant,  or  the  anti-resultant  (according  as 
its  arrow  is  drawn)  of  all  the  forces  on  either  side  of  it.     Thus: 

a  c  is  the  resultant  of  Pi  Fj       and  the  anti-resultant  of  Ps  P4  Ps 

ea P,  P*  Pft        "  "  "  Pi  P« 

hd Pj  Pj  "  "  "  P*  Pft  Pi 

db      -  -         "  P4P6P1        "  "  ••  FsP. 

77.  Knowing  the  directions  of  all  the  forces  of  a  system,  as  Pi Pj, 

Fig.  42,  and  the  amounU  of  all  but  two  of  them,  as  Ps  and  Ps,  we  may  find  the 
amounts  of  those  two  by  first  drawing  the  others.  P4,  P5  and  Pi,  as  in  the 
figure.  Then  two  lines  0  c  and  c  d.  drawn  in  the  directions  of  the  other  two 
and  closing  the  polygon,  will  necessarily  give  their  amounts. 


FI9.  44. 

78.  If  any  two  points,  as  o  and  e.  Fig  43,  be  taken,  then  the  force  or  forces 
represented  by  any  line  or  system  of  lines  joining  those  two  points  will  be 
equivalent  to  o  c.  Thus :  oc'^oabc'^odc'^onpc'^ohkine  — 
oAmc  —  o/r  —  o(7C,  etc..  etc. 

Similarlv,  in  Fig.  42,  the  force  polygon  abcd«a\s  equivalent  to  the  force 
polygon  QQ  fdea,  and  to  the  force  triangle,  abca,  eaen  being  --=  zero. 

Non-concurrent  Coplanar  Forces. 

79.  Non-concurrent  Coplanar  Forces.  Fig.  44.  The  process  of 
finding  the  resultant  of  three  or  more  coplanar  but  non-concurrent  forces  is 
the  same  as  if  they  were  concurrent.  Thus,  let  Pi,  Ps  and  Ps  represent  three 
such  forces.*     We  may  first  find  the  resultant  Ri  of  any  two  of  them,  as  Pg 


♦Any  two  coplanar  non-parallel  forces,  as  P,  and  P?,  or  P.  and  Pa  are 
necessarily  concurrent  (see  H  19);  but  there  is  no  single  point  in  which 
the  tiiree  forces  meet.  ,  C^r\r\n]o 
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and  P3;  and  then,  by  combining  Ri  with  the  remaining  force  Pi,  we  find  the 
resultant  R  of  the  three  forces.  Here  the  line  R  represents  the  resultant,  not 
only  in  amount  and  in  direction,  but  also  in  position.  That  is,  the  line  of 
action  of  the  resultant  coincides  with  R. 

80.  The  resultant  R  is  the  same,  in  amount  and  in  direction,  as  if  the 
forces  were  concurrent,  and  its  position  is  the  same  as  it  would  have  been  if 
their  point  of  concurrence  were  m  the  line  of  R.  If  there  are  more  than  three 
forces,  we  proceed  in  the  same  way. 

81.  Conversely*  the  resultant  R,  or  any  other  force,  may  be  resolTed 
into  a  system  of  any  number  of  concurrent  or  nonconcurrent  coplanar  forces, 
in  any  directions,  at  pleasure.  Thus,  we  may  first  resolve  R  into  Pi  and  Ri ; 
then  either  of  these  into  two  other  forces,  as  Ri  into  Ps  and  P3,  and  so  on. 

8!3.  If  a  system  of  non-concurrent  coplanar  forces  is  in  equilibrium,  the 
forces  will  still  be  in  equilibrium  if  they  are  so  placed  as  to  be  conourrent; 
provided,  of  course,  that  their  directions,  senses  and  amounts  remain  un- 
changed; but  it  does  not  follow  that  a  system  of  forces,  which  is  in  equilib- 
rium when  concurrent,  will  remain  in  equilibrium  when  so  placed  as  to  be 
non-concurrent. 

Thus,  the  five  forces,  Pi Ps,  Fig.  45  (a),  may  be  so  plac^^  as  in  Fig. 

45  (6),  that  the  resultant  a  c,  of  Pi  and  Pj,  aoes  not  coincide  with  the  re- 
sultant c  a  of  Ps,  P4  and  P.s.  but  is  parallel  to  it.  These  two  resultants  then 
form  a  couple.     (See  ft  155.  etc.) 


FiiT*  45. 


83.  Third  Condition  of  Equilibrium.  Heni>e.  the  conditions  of 
equilibrium  for  concurrent  forces,  stated  in  ^  69, 

2  vertical        components   —  0 
2  horizontal  components  ■-  0 

do  not  suffice  for  non-concurrent  forces,  and  a  third  condition  must  be  added, 
viz. : — 

2  moments  ■-  0; 

i.  e.,  the  moments  of  the  forces,  taken  about  any  point,  must  be  in  equilib- 
rium. 

A  system  of  forces  in  equilibrium  has  no  resultant ;  hence  it  has  no  moment 
about  any  point.  In  other  words,  the  moments  of  the  forces,  as  well  as  the 
forces  themselves,  are  in  equilibrium. 

84.  The  resultant  of  a  system  of  unbalanced  non-concurrent 
forces*  acting  upon  a  body,  may  he  either 

(1)  a  single  force,  acting  through  the  center  of  gravity  of  the  body;  or 

(2)  a  couple:  t.  e.,  two  equal  and  parallel  forces  of  opposite  s^ise  (see 
11  155,  etc.);  or 

(3)  either  (a)  a  single  force,  acting  through  the  center  of  gravity  of  the 
body,  and  a  couple ;  or  (b)  a  single  force,  acting  elsewhere  than  through  the 
center  of  gravity  of  the  body. 

^  In  Case  (3),  the  two  alternative  resultants  are  interchangeable;  i.e.,  a 
single  force,  acting  elsewhere  than  through  the  center  of  gravity  of  the  body, 
may  always  be  replaced  by  an  equivalent  combination  cpn^tiM^of  an  equal 
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parallel  force,  acting  through  the  center  of  gravity  of  the  body,  and  a  couple, 
and  vice  versa.    See  Ht  161,  etc. 

The  resultant  gives  to  the  body,  in  Case  (1),  motion  of  translation  in  a 
straight  line,  without  rotation;  in  Case  (2),  rotation  without  translation; 
and  in  Case  (3),  both  translation  and  rotation.    See  foot-note  (*),  ^  1. 

85.  The  force  polygon,  H  72,  Figs.  40,  etc.,  and  the  method  by  co- 
ordinates. ^  66,  Fig.  86,  therefore,  give  us  only  the  amount,  direction  and 
sense  of  the  resultant  of  non-oonourrent  forces,  and  not  its  position.  To  find 
the  position  of  the  resultant  of  non-concurrent  forces,  we  may  have  recourse 
to  a  figure,  like  Fig.  44.  where  the'  forces  are  represented  in  their  actual  posi- 
tions, or  to  the  cord  polygon,  1[1[  86,  etc.,  Fig.  46. 

The  Cord  Polygon. 

86.  In  >  the  force  triangle  any  two  of  the  three  lines  may  be  regarded  as 
representing,  by  their  directions,  the  positions  of  two  members  (two  struts 
or  two  ties,  or  one  strut  and  one  tie)  xA  indefinite  length,  resisting  the  third 
force;  while  their  lengths  give  the  amounts  of  the  forces  which  those  mem- 
bers must  exert  in  order  to  maintain  eqidlibrium. 


Fiy.  26  (repeated). 

87.  Thus,  in  Fig.  26  (6),  are  shown  four  different  system^  of  two  mem- 
bers each,  inclined  respectively  like  the  forces  c  h  and  6  o  in  Fig.  26  (a)  and 
balancing  the  third  force  o  c.  The  stresses  in  these  two  members  are  given 
by  the  lengths  of  the  lines  e  h  and  6  o  in  Fig.  26  (a). 

The  members  acting  as  struts  are  represented,  in  Fig.  26  (6).  as  abutting 
against  flat  surfaces,  while  those  actinig  as  ties  are  represented  as  attached 
to  hooks,  against  which  they  pull. 

In  Fig.  26  (c)  and  (d)  are  indicated  systems  of  members,  inclined  like  the 
forces  c  o'  and  a*  o,ea  and  a  o,  respectively,  of  Fig.  26  (a),  by  which  the  third 
force  o  c  might  be  supported. 

88.  In  the  force  polygon  ahcdea,  Fig.  46  (6),  representing  the  four 
forces.  Pi,  P2,  P3,  Pj,  of  Fig.  46  (a),  if  we  select,  at  pleasure,  any  point  o 
(called  the  pole)  and  draw  from  it  a  series  of  straight  lines  oa,ob,  etc.  (called 
rays),  radiating  to  the  ends,  a,  b,  c,  etc.,  of  the  lines  Pi,  Pj,  etc.,  representing 
the  forces,  we  shall  form  a  series  of  force  triangles,  a  00,  hoc,  etc. 

Thus,  in  the  triangle  ah  owe  have  the  force  Pi,  or  a  b,  balanced  by  the  two 
forces  o  a  and  b  0;  in  the  triangle  b  c  o,  the  force  Pj,  or  b  c,  balanced  by  the 
two  forces  o  b  and  c  o;  and  so  on. 

89.  The  Cord  Polygon.  If,  now,  in  Fig.  46  (a),  we  draw  the  lines  a 
and  6,  parallel  respectively  to  the  rays  o  a  and  o  6  of  Fig.  46  (6)  and  meeting 
in  the  line  representing  the  force  Pi,  they  will  represent  the  positions  of  two 
tension  members  of  indefinite  length,  which  will  balance  the  force  Pi  by  ex- 
erting forces  represented,  in  amount  as  well  as  in  direction,  by  the  rays  0  a 
and  b  o,  Fig.  46  (6).  Again,  taking  pole  o',  Fig.  46  (6),  instead  of  o,  we  have 
o'  and  6',  Fig.  46  (of),  parallel  respectively  to  the  rays,  o'  a  and  0'  b,  and  rep- 
resenting a  pair  of  struts  performing  the  same  duty. 

90.  Similarly,  the  lines  b  and  c.  Fig.  46  (o),  parallel  respectively  to  rays  o  b 
and  o  c',  represent  two  tension  members,  which,  with  st»esses  equal  respec- 
tively to  o  6  and  c  0,  Fig.  46  (6),  balance  the  force  P^^^^^    GoOqIc 
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91.  We  thus  obtain,  finally,  a  system  of  five  tension  members,  ab  e  d  g. 
Fig.  46  (a),  which,  if  properly  fastened  at  the  ends  a  and  e  respectively,  will, 
by  exerting  forces  represented  respectively  by  the  rays,  oa,ob,oc,  etc.,  Fig. 
46  (6),  balance  the  four  given  forces  Pi,  Pg,  P3  and  P4. 

92.  The  figure  a  b  c  d  e.  Fig.  46  (a),  is  called  a  cord  polygon,  funicular 
polygon,  or  equilibrium  polygon. 

93.  Resultant,  Anti-resultant.  Amount  and  Direction.  In  the 
force  polygon.  Fig.  46  (&)  or  (d),  th»  line  0  a,  joining  the  end  of  the  last  force- 
line  d  e  with  the  beginning  of  the  first  one  a  b,  represents  the  anti^resultant  of 
the  given  system  of  four  forces,  and  a  e  their  resultant.  Evidently,  there- 
fore, the  rays  o  o  and  o  c,  which  represent  two  components  of  a  e,  represent 
also,  in  direction  and  in  amount,  two  forces  which  would  balance  e  a,  or  which 
would  be  equivalent  to  the  given  system  of  (foiu")  forces. 


Vit».  46  (a),  (a') 


94.  Position  of  Resultant.  Hence,  in  the  cord  [>olygon.  Fig.  46  (a), 
the  intersection,  i,  of  the  cords  a  and  «,  parallel  respectively  to  the  rays  o  a 
and  e  0,  is  a  point  in  the  line  of  action  of  the  resultant  R;  and,  if  we  imagine 
a  i  and  e  t  to  be  rij^id  rods,  and  apply,  at  i.  a  force,  —  PI,  equal  and  parallel  to 
a  e,  but  of  opposite  sense,  that  force  will  be  the  anti-resultant  of  the  (four) 
given  forces,  and  we  shall  have  a  frame- work  be  di  of  cords  and  rods,  kept  in 
equilibrium  by  the  action  of  the  five  forces,  Pi,  Fg,  Ps,  P4  and  —  R. 

95.  By  choosing  other  positions  of  the  pole,  as  o'.'  Fig.  46  (b"),  or  by  differ- 
ently arranging  the  given  forces,  as  in  Fig.  46  (c),  we  merely  change  the 
shape  of  the  cord  polygon,  and  (in  some  cases)  reverse  the  sense  of  the 
stresses  in  the  members.  Thus,  in  Fig.  46  (a),  all  the  stresses  are  tensions,  or 
pulls ;  while  in  Fig.  46  (c)  a,  b,  d  and  e  are  tensions  or  pulls,  and  c  is  a  com- 
pression or  push. 

96.  In  constructing  the  cord  polygon.  Fig.  46  (a),  (aO.  (c),  and  («),  care 
must  be  taken  to  draw  the  cords  m  their  proper  places;  and  for  this  it  is  nec- 
essary to  remember,  simply,  that  the  two  rays  pertaining  to  any  particular 
force  line  in  the  force  polygon.  Fig.  46  (6),  represent  those  members  which, 
in  the  cord  polygon.  Fig.  46  (a),  take  the  components  of  that  force., 
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Thus,  o  a  and  b  o,  Vig,  46  (b),  pertain  to  the  foroo  Pi  t  o  &  and  £  o  to  the 
force  Pj.  Hence,  in  Fig(.  46  (a)  or  (c)  we  draw  a  and  6  (parallel  respectively 
to  o  a  arid  b  o)  meeting  in  the  line  of  action  of  Pi ;  b  and  c  (parallel  respect- 
ively to  o  6  and  c  o)  meeting  in  the  line  of  action  c^  Ps,  etc.,  etc. 

97.  Each  ray  in  the  force  polygon,  Fig.  46  (h),  including  the  out-side  ones, 
is  thus  seen  to  pertain  to  two  forces,  and  each  force  has  two  rays.  The  two 
cords,  parallel  respectively  to  the  two  rays  of  any  force,  must  be  drawn  to 
meet  in  the  tine  of  action  of  that  force;  and  each  cord  must  join  the  lines  of 
action  of  the  two  forces  to  which  its  parallel  ray  pertains.  The  lines,  a,  6,  e. 
ete^  in  the  cord  polygon.  Fig.  46  (a)  and  (c),  gfve  merely  Uie  indinaH^na  of 
members  which,  as  there  arranj^d.  would  sustain  the  given  forces.  The 
lengths  of  these  lines  have  nothing  to  do  with  the  amounts  of  the  9tre$9e§. 
These  are  given  by  the  lengths  of  the  corresponding  ray9  in  the  /orce  polygcMli 
Fig.  46  (6). 


Figrs.  4«  (e),  (<t)  ana  (e). 


98.  Tf  the  anti-resultant  force,  —  R,  is  not  applied,  the  cords  a  and  e  may 
be  supposed  fastened  to  firm  supports,  against  which  they  exert  stresses  rep- 
resented, in  amount  and  in  direction,  by  the  rays  a  o  and  o  e  respectively. 
But  the  resistances  of  those  two  supports  are  plainly  equal  and  opposite  to 
those  stresses,  or  equal  to  o  a  and  e  o  respectively.  Hence,  their  resultant  is 
the  anti-resultant,  —  R,  of  the  four  original  forces. 

99.  If,  Fig.  46  (c),  the  two  end  members  a  and  e  were  attached  merely  to 
two  ties,  V  and  V,  parallel  to  the  anti-reaultant,  — R,  they  would  evidently 
draw  the  ends  of  those  ties  inward  toward  each  other.  To  prevent  this,  let 
the  strut  k  be  inserted,  making  it  of  such  length  that  the  ties  V  and  V  may 
remain  parallel  to  — ^,  and  draw  o  k,  Fig.  46  (6),  parallel  to  k.  Then  a  Jc 
and  k  e  give  the  stresses  in  V  and  V  respectively. 

100.  If  the  anti-resultant,  —  R,  found  by  means  of  the  force  polygon,  be 
applied  in  a  line  passing  through  the  intersection  of  the  outer  (initial  and 
final)  members  in  the  cord  polygon,  all  the  forces,  inoludinGt  of  course  the 
anti-resultant,  will  be  in  equilibrium.  In  other  words,  coplanar  forces  are 
in  equilibrium  if  they  may  be  so  drawn  as  to  form  a  closed  force  polygon,  and 
if  a  closed  cord  polygon  may  be  drawn  between  them.  But  if  the  anti-re- 
sultant be  applied  ebewfaere,  we  shall  have  a  couple,  composed  of  the  anti- 
resultant,  —  R,  uid  the  resultant  R  of  the  forces.  ^^  . 
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Concurrent  Non-coplanar  Forces. 

101.  Any  two  of  the  concurrent  forces,  as  o  a  and  o  c.  Fig.  47  (a)  or  (6),  are 
necessarily  coplanar.  Find  their  resultant,  o  r,  which  must  be  ooplanar  with 
them  and  with  a  third  force  o  b.  Then  the  resultant ,'  R,  pf  o  r  and  o  6  is  the 
resultant  of  the  three  forces'.  If  there  are  other  forces,  proceed  in  the  same 
way. 

103.  No  three  non-coplanar  forces,  whether  concurrent  or  not,  can  be  in 
equilibrium. 

103.  Force  Paralleloplped.  The  resultant  of  any  three  concurrent 
non-coplanar  forces,  oa,  ob,  oc.  Figs.  47,  will  be  represented  by  the  diagonal 
o  R,  of  a  parallelepiped,  of  which  three  converging  edges  represent  the  three 
forces. 

104.  Methods  by  Models,  (a)  For  three  forces.  Construct  a 
box,  Fig.  47  (o)  or  (6),  with  three  conver^nt  edges  representing  the  three 
forces  in  position  and  amount.  Then  a  strmg  o  R,  joining  the  proper  comers, 
will  represent  the  resultant. 


PliT.  47. 

Or,  let  ao,ho,  c  o.  Fig.  48  (a),  be  three  forces,  meeting  at  o.  Draw  on 
pasteboard  the  three  forces  a  o,  6  o,  c  o,  as  in  Fig.  48  (6),  with  their  actual 
angles  aob,boc,coa,  and  find  the  resultant  woof  the  middle  pair,  b  o  and 
c  o.  Cut  out  neatly  the  whole  figure,  a  o  a  c  w  b  a.  Make  deep  knife- 
scratches  along  ob,  o  c,  BO  that  the  two  outer  triangles  may  be  more  readily 
turned  at  angles  to  the  middle  one.  Turn  them  until  the  two  edjges  oa^oa 
meet,  and  then  paste  a  piece  of  thin  paper  idong  the  meeting  joint  to  keep 
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them  in  place.  Stand  the  model  upon  its  side  o  b  t&  c  as  a  base,  and  we  shall 
have  the  slipper  shape  a  o  b  w.  Fig.  48  ic);o  w  being  the  sole,  and  a  ob  the 
hollow  foot.  In  the  model,  the  force  a  a  and  the  resultant  ti;  o  of  the  other 
two  forces,  are  now  in  their  actual  relative  positions.  To  find  their  resultant, 
cut  but  a  separate  piece  of  pasteboard,  R  a  o  ii;,  with  R  a  and  R  w  parallel 
respectively  to  w  a  and  o  o.  Draw  upon  each  side  of  it  the  diagonal  R  o. 
Paste  this  piece  inside  the  model,  with  its  lower  edge  tt;  o  on  the  line  w  o.  Fig. 
48  (6),  and  its  edge  a  o  in  the  comer  a  o.  This  done,  R  o  represents  the  re- 
sultant olao,bo,  c  o.  Fig.  48  (a),  in  its  actual  position  relative  to  them. 

105.  (b)  For  four  forces,  as  a  o.  6  o,  c  o,  (f  o,  in  Fig.  49.  Draw  them  as  in 
Fig.  49  (o),  with  their  angles  aob,boc,  etc.  Draw  also  the  resultants  «  o,  of 
a  o  and  b  o;  and  wo,oico  and  d  o.  Then  cut  out  the  entire  fig^ure,  as  before, 
and  paste  together  the  two  edges  a  o,  a  a.  Hold  the  model  in  such  a  way 
that  two  of  its  planea  (as  a  o  &  and  boc)  form  the  same  andie  with  each  other 
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as  do  the  two  oorrespoiidinK  planes  between  the  forces.  Then  we  have  the 
two  resultants  vo,wo,  Fig.  49  (6),  in  their  actiuU  relative  poeitions.  Cut  out  a 
separate  piece  of  pasteboard  lR.v  g  w,  Fig.  49  (6).  draw  the  diagonal  R  o  on 
each  side  of  it,  and  paste  it  inside  the  model,  with  o  v  and  o  to  on  the  corre- 
si;>onding  lines  of  the  model.  .  Then  R  o  will  represent  the  resultant  of  the 
four  forces,  o  o,  bo,co,do,  in  its  actual  position  relative  to  them. 

The  model  mav  be  made  of  wood,  the  triangles  a  o  b,  b  o  c,  etc..  being  cut 
out  separately,  the  joining  edges  bevelled,  and  then  glued  together. 


Non-concurrent  Non-coplanar  Forces, 

106.  Non-concurrent  Non-coplanar  Forces.  Fig.  50  (a).  (For  par- 
allel non-coplanar  forces,  see  ^1  110,  etc.)  Resolve  each  force  mto  two  rec- 
tangular comix>nents,  one  normal  to  an  assumed  plane,  the  other  coin- 
ciding with  the  plane.*  Find  the  resultant  of  the  (coplanar)  components 
coinciding  with  the  plane,  by  methods  already  given,  and  that  of  the  normal 
(parallel)  components,  by  1[T[  110,  etc.  If  these  two  resultants  are  coplanar, 
they  are  also  concurrent,  and  their  resultant  (which  is  the  resultant  of  the 
system)  is  readily  found. 

107.  If  not.  let  V,  Fig.  50  (6),  be  the  resultant  normal  to  the  plane,  and  H 
the  resultant  lying  in  the  plane.  By  1 162,  substitute,  for  H,  tne  equal  and 
parallel  force  H',  meeting  V  at  O,  and  the  couple  H  .  O  o,  and  find  the  result- 
ant, R'.  of  V  and  H'.  The  system  of  forces  is  thus  reduced  to  the  single  force 
R'  and  the  couple  H  .  O  a.     For  Couples,  see  If  155. 


108.  Moments  of  Non-coplanar  Forces.  The  action  of  the  weight 
W  of  the  wall.  Fig.  51  (a),  and  of  the  non-coplanar  forces  Fi  and  Ps,  may  be 
represented  as  in  Fig.  51  (&),  where  the  axle  a'  </  represents  the  edge  a  e 
about  which  the  wall  tends  to  turn,  while  the  bars  or  levers  represent  the 
leverages  of  the  forces.  So  far  as  regards  the  overturning  stability  of  the 
wall,  regarded  as  a  rigid  body  and  as  capable  of  turning  only  about  the  edge 
a  c,  it  is  immaterial  whether  an  extraneous  force,  as  Pi,  is  applied  at  p  or  at 
q;  but  it  is  plainly  not  immaterial  as  regards  a  tendency  to  swing  tne  wall 
around  horizontally,  or  to  fracture  it;  or  as  regards  pressures  (and  cbnse- 
quent  friction)  between  the  axle  a'  c^  and  its  bearings.  JFor  equilibrium.  Ft  m 

-■  Pj  A  +  W.  — .     Here  a  torsional  or  twisting  stress  is  exerted  in  the  axle, 
♦Wires,  stuck  in  a  board  representing  the  plane,  will  facilitate  this. 
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and  the  pressures  of  its  ends  in  the  bearings  are  more  or  less  modified ;  but, 
so  far  as  merely  the  equilibrium  of  the  moments  is  concerned,  we  may  sup- 
pose all  of  the  forces  and  their  moments  to  be  shifted  into  one  and  the  same 
plane,  as  in  Fig.  51  (c). 

109.  In  cases  like  that  represented  in  Fig.  51,  it  is  usual,  for  convenience, 
to  restrict  ourselves  to  a  supposed  vertical  slice,  «,  1  foot  thick,  and  to  the 
forces  acting  upon  such  slice ;  supposing  the  weight  of  the  slice  to  be  concen- 
trated at  its  center  of  gravity,  and  the  extraneous  forces  to  be  applied  in  the 
same  vertical  plane  with  gravity.  In  effect,  we  are  then  dealing  with  a 
slice  indefinitely  thin,  but  luiving  the  weight  of  the  1-ft.  slice. 
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PABALLEL   FORCES. 

110.  The  resultant  of  any  number  of  parallel  forces,  whether 
they  are  in  the  same  plane  or  not,  and  whether  in  the  same  direction  or  not, 
is  parallel  to  them  and  =  their  algebraic  siun. 

Coplanar  Parallel  Forces. 

111.  The  resultant  of  any  number  of  coplanar  parallel  forces 

,  is  in  the  same  plane  with  them,  whether  the  forces  are  of  the  same  or 
of  opposite  sense ;  and  the  leverages,  or  arms,  of  such  forces,  and  of  their 
resultant,  about  any  given  point  in  the  same  plane,  are  in  one  straight  line. 
Thus,  in  Fig.  56  (o),  where  the  five  forces,  a,  6,  c,  d  and  c  are  in  one  plane,  their 
resultant,  R,  is  in  that  same  plane;  and  the  leverages  of  the  forces,  and 
of  R,  about  any  point,  as  6  or  v,  m  the  same  plane,  are  in  the  straight  line  R  v. 
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li;3.  The  resultant,  R,  or  anti-resultant,  Q,  Fig.  52,  of  two  paraUel 
forces,  a  and  6,  intersects  any  straight  line,  u  v,  joining  the  directions  of 
the  two  forces.  Hence,  if  three  parallel  forces  are  in  equilibrium,  they  are 
m  the  same  plane.  In  Fig.  52  (a),  the  two  forces,  a  and  b,  are  of  like 
sense.  R  is  then  between  a  and  b,  and  R  =  b  +  a.  In  Fig.  62  (6),  a  and 
h  are  of  opposite  sense.     R  is  then  not  between  a  and  6^ndR  f=  h  —  a. 
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113*  To  find  the  position  of  the  resultant,  draw  and  measure  any  straight 
line,  u  V,  joining  the  lines  of  action  of  the  forces.  It  is  immaterial  whether 
u  V  is  peryendicular  to  said  directions,  or  not.  The  line  representing  the 
residtant  cuts  u  «,  and  its  position  is  found  thus: 


M<-ui>X  -^; 


and  t?  »  —  M  t>  X 


R* 
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114.  This  may  be  conveniently  done  by  making  u  v  equal,  by  any  conve- 
nient scale,  to  the  sum  of  the  forces,  as  in  Fig.  53,  where  uv  ^  42.  Then 
make  u  i  equal,  by  the  same  scale,  to  the  force  at  v,  or  v  t  equal  to  the  force  at 
tt.  Then  a  line,  R,  Fig.  52  (a),  drawn  through  i  parallel  to  a  and  6,  gives  the 
position  and  direction  of  their  resultant;  and  its  amount  is  equal  to  the  sum, 
of  a  and  6;  or  R  —  a  +  6.  In  other  words,  if  ,a  force,  Q,  parallel  to  a  and  h, 
and  equal  to  their  sum,  but  of  opposite  sense,  be  applied  to  the  bodv  any- 
where in  a  line  passing  through  t,  it  will  balance  a  and  6,  or  will  be  their  anti- 
resultant. 


•^^-. 
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115.  The  position  of  the  resultant,  so  found,  satisfies  the  condition  of 
equilibrium  of  moments:  thus,  h.vi  —  a.wi  —  aero. 

If  the  two  forces  are  equal,  their  resultant  R  is  evidently  midway  between 
them. 

116.  In  the  eommon  steelyard.  Fig.  54,  the  two  forces  a  and  h-,  of 
Big.  52  (a),  are  represented  by  the  two  weights,  o  «=•  3  pounds  at  n,  and  h  — 
I  pound  at  »,  with  leverages  «t  and  vi  respectively,  |^J^^g^^^}(^  3. 
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It  will  be  noticed  that  in  Fig.  56  (a)  the  resultant,  R,  owing  to  the  posi-> 
tioDS  and  amounts  of  the  several  forces,  falls  outside  of  the  system  of  given 
forces. 

117.  Figs.  55  to  68  illustrate  the  application  of  the  cord  polygon  (1ft  86 
to  100)  to  coplanar  parallel  forces.  Here  the  force  polygon  is  necessarily  a 
straight  line. 


Flsr.  56. 


118.  Resolution.  Let  Fig.  57  (a)  represent  a  beam  bearing  a  single 
concentrated  load*  a,  elsewhere  than  at  its  center;  and  let  it  be  required 
-to  find  the  pressure  on  each  of  the  two  supports,  w  and  x. 


Tig.  S7. 


Draw  X  a,  Fig.  57  (b),  to  represent  the  load  a  by  scale,  and  nys  X  O,  a  O, 
to  any  point  O  not  in  the  line  X  a.     In  Fig.  (a),  from  any  point,  t,  in  the 


parallel  respectively  to  O  X  and  O  o.  Join  r  «,  and  m  Fig.  (6)  draw  O  v>  par- 
allel to  r «.  Then  the  two  segments,  w  a  and  X  w,  of  X  a.  kive  by  scale  the 
pressures  u(>on  the  two  supports,  w  and  x  respectivelv.    The  greater  pres- 


sure will  of  course  be  upon  the  support  nearest  to  the  load ;  but  we  nuiy 
be  guided  also  by  remembering  that  the  segment  X  to,  adjoining  the  rad!^ 
line  O  X  in  Fig.  (6)  represents  the  pressure  on  that  support,  x,  Fig.  (a), 
which  pertains  to  the  hne  i  a  parallel  to  O  X ;  and  vice  versa. 

119.  Fig.  58  represents  a  case  where  there  are  several  loads  on  the 
beam.  Here  the  mtersection,  t,  of  the  lines  h  b  and  k  r,  Fig.  (<i),  drawn 
parallel  respectively  to  O  X  and  c  O,  Fig.  (6)  shows  the  position  of  the 
-*esultant  of  the  three  loads.     Here,  as  in  Fig.  57,  "^^e  ioinjr »,  Fi«.  (a). 


Here,  as  in  Fig.  57, 
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and  draw  O  w,  Fig.  (6),  parallel  to  r  «. 
pressure  upon  x,  and  w  c  that  upon  w. 


Then  X  w,  Fig.  (b),  gives  the 


(«)  riff.  58. 

Non-copla|iar  Parallel  Forces. 

120»  Non-coplanar  Parallel  Forces.  Fig.  69  (o).  Between  the 
lines  of  action  of  any  two  of  the  forces,  as  a  and  6,  draw  any  straight  line,  u  v, 
and  make 


.  uv  X 


or    V  f^uv  X 


+  6'     "*     "'      --'^a+d- 

Through  i  draw  R',  parallel  to  a  and  b,  and  equal  to  their  sum.     Then 

is  R'  the  resultant  of  a  and  b.     Then,  from  any  pomt.  i,  in  the  line  of  action 

of  R',  draw  i  2  to  any  point,  t,  in  the  line  of  action  of  c,  and  make 

ik  =  iz  X  —^,  ;  or  «  A;  -  t  «  X     ^  p.  .     Through  A;  draw  R  parallel  to 

c  -r  MX  c  -+-  K 

a,  &  and  c,  and  equal  by  scale  to  their  sum.  Then  is  R  the  resultant  of  the 
three  forces,  a,  b  and  c.  If  there  are  other  forces,  proceed  in  the  same  way 
with  them. 


-tf 


PtST.  00. 


121.  In  Fig.  59  (a)  we  have  shown  the  forces,  a  and  e,  acting  upon  surfaces 
raised  above  the  general  plane,  merely  in  order  to  illustrate  the  fact  that  it  is 
not  at  all  necessary  that  the  forces  be  supposed  to  act  upon  or  against  a  plane 
surface. 

1218.  Although  Fig.  59  (a)  illustrates  the  method  of  finding  the  resultant 
of  non-coplanar  parallel  forces,  yet  it  plainly  does  not  give  the  actual  relative 
positions  of  the  forces  and  their  resultant  *  because  it  is  necessarily  drawn  in  a 
kind  of  perspective,  and  therefore  all  the  parts  cannot  be  measured  by  a 
scale.  The  true  relative  positions  may  of  course  be  represented  in  plan,  as 
by  the  five  stars,  <i,b,c,i  and  A,  Fig.  69  (6),  correspondingyto  the  paints  where 
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the  forces  and  resultants  intersect  some  one  chosen  plane.  But  It  is  now 
impossible  to  represent  the  forces  themselves  by  lines.  Thev  must  there- 
fore be  stated  in  figures,  as  is  here  done.  It  is  then  easy  to  find  the  positions 
of  the  resultants,  as  before. 

123.  If  there  are  also  forces  acting  In  the  opposite  direction,  aa 
d  and  e,  Fig.  59  (a),  find  their  resultant  separately.  We  thus  obtain,  finally, 
two  resultants  of  opposite  sense.  These  resultants  may  be  equal  or  unequal, 
and  colinear  or  non-colinear.  If  they  are  non-colinear,  see  f  84,  and  Couples, 
1ft  155,  etc. 

124.  Method  by  projections.  Fig.  60.  First  find  the  projections, 
a',  b^  and  c'  of  the  forces,  a,  b  and  c,  upon  any  plane,  as  x  y,  parallel  to 
them  •  and  then  their  projections,  a'\  \/',  and  c",  upon  a  second  plane,  x  v, 
parallel  to  them  and  normal  to  the  first.  Find  the  position,  R',  of  the  re- 
sultant of  a',  b'  and  c',  in  plane  x  y,  and  that  R",  of  a",  b"  and  c",  in  plane 
X  V.  Now,  as  the  lines,  a',  6',  c',  and  a",  V,  d',  are  projections  of  the  forces, 
o,-  b  and  c,  so  R',  R",  are  projections  of  the  resultant,  R,  of  the  forces.  The 
position  of  R  is  therefore  at  the  intersection  of  two  planes,  R  R'  and  R  R", 

girpendicular  to  the  planes;  x  y  and  x  v,  and  standing  upon  the  projection! 
'  and  R",  of  the  resultant,  R.     R  =  a  -h  6  +  c. 


fx- 
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CENTER  OF  GRAVITY. 

126.  If  a  body,  Fig.  !,♦  or  a  system  of  bodies.  Fig.  2,  be  held  successively 
in  different  positions,  (a),  6),  etc.,  the  resultant  of  the  parallel  forces  of  grav- 
ity, acting  upon  its  partiolas  and  indicated  by  the  arrows  m  the  figures,  will 
occupy  different  positions,  relatively  to  the  figure  of  the  body  or  system. 
That  point,  where  all  these  positions,  or  lines  of  gravity,  meet,  is  called  the 
center  of  gravity  of  the  bodjy  or  system.  Thus,  if  a  homogeneous  cvlinder 
be  stood  vertically  upon  either  end,  the  line  of  gravity  will  coincide  with 
the  axis  of  the  oylinder;  but  if  the  cylinder  be  then  laid  upon  its  side,  the 
line  of  gravity  will  intersect  the  axis  at  right  angles  and  will  bisect  it 
Hence,  in  the  cylinder,  the  center  of  gravity  is  at  the  center  of  the  axis. 

126.  About  the  center  of  gravity  the  moments  of  all  the  forces  of  gravit:^ 
are  in  equilibrium,  in  whatever  position  the  body  or  system  may  be.  Hence, 
the  body,  or  system,  if  suspended  by  this  point,  and  acted  upon  by  gravity 
alone,  will  balance  itaelf;  i.  e.,  if  at  rest  it  will  remain  at  rest;  or,  if  set  \u 
motion  revolving  about  its  center  of  gravityj  and  then  left  to  itself,  it  will 
continue  to  rovoTve  about  that  center  indefinitely  and  with  uniform  angular 
velocity.  Or.  if  suspended  freely  from  any  point,  it  will  oscillate  until  the 
center  of  gravity  comes  to  rest  vertically  under  such  point. 


*  Figs.  1  to  45,  relating  to  Center  of  Gravity,  are  numbered  independently 
of  the  rest  of  the  series  of  figures  relating  to  Statics.  ^^  , 

igitizedbyCOOgle 


CENTEB  OF  GRAVITY. 


387 


127.  In  some  bodies,  such  as  the  cube,  or  other  parallelopiped,  the  sphere, 
etc.,  the  center  of  gravity  is  also  the  center  of  the  weight  of  the  body;  but 
very  frequently  this  is  not  the  case.  Thus,  in  a  body  a  b,  Fig.  2,  with  its 
center  of  gravity  at  G,  there  is  more  weight  on  the  side  a  Q,  than  on  the  side 
0&. 


^^w^ 


Fiy.  1. 

Stable,  UiMtable*  and  Indifferent  Rqutllbiinm. 

128.  A  body  is  said  to  be  in  stable  equilibrium  when,  as  in  the  pendulum, 
it  is  so  suspended  that,  if  swung  a  little  to  either  side,  it  tends  to  oscillate 
until  it  comes  to  rest  again,  with  its  center  of  gravity  vertically  under  the 
point  of  suspension. 

129.  It  is  said  to  be  in  unstable  equilibrium  when,  as  in  the  case  of  an 
eat,  stood  upon  its  point,  it  is  so  supported  that,  if  swung  a  little  to  either 
side,  and  left  to  itself,  it  swings  farther  out  from  the  vertical  and  eventually 
falls. 

130.  It  is  said  to  be  in  indifferent  equilibrium  when,  as  in  the  case  of  a 

grindstone,  supported  by  its  horizontal  axis,  or  of  a  sphere  resting  upon  a 
orizontal  table,  it  is  so  suspended  or  supported  that,  if  made  to  rotate  about 
its  center  of  gravity  and  then  left  to  itself,  it  will  continue  in  that  state  of  rest 
or  of  angular  motion  in  which  it  is  left. 


(a)  (b) 

Vig.  2. 


General   Rules. 

131.  The  following  general  rules  (1)  to  (6),  form  the  basis  of  the  special 
rules,  (7)  to  (39). 

In  speaking  of  the  center  of  gravity  of  one  or  more  bodies,  we  shall  assume, 
for  simplicity,  that  they  are  homogeneous  (t.  e.,  of  uniform  density  through- 
out) and  of  the  same  density  with  each  other.  The  center  of  gravity  is  then 
the  same  as  the  center  of  volume,  and  we  may  use  the  volumes  of  the  bodies 
(as  in  cubic  feet,  etc.)  in  the  rules,  instead  of  their  weights  (as  in  pounds,  etc.). 

In  applym^  these  general  rules  to  surfaces,  use  the  areas  of  the  surfaces, 
and  in  applymg  them  to  lines,  use  the  lengths  of  the  lines,  in  place  of  the 
weights  or  volumes  of  the  bodies. 

In  all  of  the  rules  and  figures,  pp.  388  to  398,  G  represents  the  center  of 
gravity,  except  where  otherwise  stated.  gitized  by  VjOOQIv. 
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(1).  Am  tynro  bodies^  Fig.  3.  Having  found  the  center  of  gravity,  g.g', 
of  each  body,  by  means  of  the  roles  given  oelow:  then  O  is  in  the  line  Joining 
^and^;  and 


^O-l^flr'X 


sum  of  weights  of  g  and  g' 

weight  of  g 
sum  of  weights  of  g  and  g^ 


Fig.  3 


(3).  An  jr  nitmlber  ot  bodies^  as  a,  &  and  e.  Fig.  4,  whether  their  centeni 
of  gravity  are  in  the  same  plane  or  not. 

First,  by  means  of  rule  (\)  f5nd  the  center  of  gravi^.  g,  of  any  two  of  the 
bodies^  as  a  and  6.  Then  the  center  of  gravity,  O,  of  the  three  bodies,  a,  b 
and  c,  is  in  the  line  ^g/ joining  g  with  the  center  of  gravity,  g*  of  c;  and 


gGt-^gg'X 


weight  of  c 


sum  of  weights  of  a,  6  and  c  * 

(/Ct  mm  aa'  X     ^^°^  Q^  weights  of  a  and  6     , 
sum  of  weights  of  a,  b  and  c 
and  so  on,  if  there  are  other  bodies. 

(3).  In  many  cases,  a  single  complex  l>ody  may  be  supposed  to  be  divided 
into  parts  whose  several  centers  of  gravity  can  be  readily  found.  Then  the 
center  of  gravity  of  the  whole  may  be  found  by  the  foregoing  and  following 
rules.    Thus,  in  Fig.  6,  we  may  find  separately  the  centers  of  gravity  of  the 


(^ 


inig.e 

two  parallelopipeds  and  of  the  cylinder  between  them  (each  in  the  center  of 
its  respective  portion  of  the  whole  solid);  and  in  Fig.  6  the  centers  of  gravity 
of  the  square  prism  and  the  square  pjrramid  (the  latter  by  rule  (36), 
and  then,  knowing  in  either  case  the  weights  of  the  several  parts,  find  their 
common  center  of  gravity  as  directed  in  rules  (1)  and  (2). 
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(4^.  Any  fkolloinr  Hodjry  or  body  oontsining  one  or  mote  openings.  Fig.  7 
Fmd  the  common  center  of  gravity,  g^,  of  the  openings  by  role  (1)  or  (2),  aai. 


the  center  of  grayity.  g,  of  the  entire  figure,  as  though  it  had  no  opentefa 
Then  O  is  in  the  Ihie  g  y',  extended,  and 

o  O  «  at/  X  sum  of  volumes  of  openings 

volume  of  entire  body  —  volumes  of  openings 

-^Q  ^  ggf  v^       volume  of  entire  body 

volume  of  entire  body  —  volumes  of  openings 

BeitABK.  For  convenience,  we  have  shown  the  several  centers  of  gravilg^. 
g^  gy  G»  upon  the  surfcice  of  the  figure.  In  the  real  solid  (supposed  to  be  o{ 
uniform  tniokness)  tney  would  of  course  be  in  the  middle  of  its  thickness 
and  immediately  under  the  positions  shown  in  the  figure.' 


of  gravity  is  called  a  **  line  of  grm-rity."  The  center  of  gravity  is  (Ist)  the 
intersection  of  two  lines  of  gravity:  (2nd)  the  intersection  of  three  planes 
of  gravity,  or  (3rd)  the  intersection  of  a  plane  of  gravity  with  a  line  of  gravity 
not  lying  in  said  |Mane. 

If  a  figure  or  body  has  an  axis  or  plane  of  sraunotrjr  (i. «..  a  *ine  or  plane 
dividing  it  into  two  equal  and  similar  portions)  said  axis  or  plane  is  a  line  or 
plane  of  gravity.  If  a  figure  or  body  has  a  central  point,  said  point  is  the 
penter  of  gravity. 

In  Fig.  1,  the  string  represents  a  line  of  gravity;  and  any  plane  with 

which  the  string  coincides  Is  a  plane  of  gravity.  Thus  O  may  oftien  be  con- 
veniently found,  especially  in  the  case  of  a  fiat  body,  by  allowing  it  to  hang 
attached  alternately  at  different  comers  of  it,  or  by  bat« 


freely  from  a  string ^ , 

ancing  it  in  two  or  more  positions  over  a  Imife-edge,  etc.,  and  finding  G  in 
either  case  by  the  intersecnon  of  the  lines  or  planes  of  gravity  thus  found. 

(6).  Tbe  fraphlc  metliod  of  finding  the  resultant  of  parallel  forces 
may  often  be  advantageously  used  for  finding  tbe  center  of  gravity  of  a  com- 
pound body  or  figure,  or  of  a  svstem  of  bodies  or  figures,  when  the  centers  of 
gravity  of  the  several  parts  are  known. 

Thus,  in  Fig.  8,  let  a,  b  and  e  represent  three  figures  or  bodies  whose  centers 
of  gravity  are  in  one  plane.    Draw  vertical  lines  through  said  centers,  and 


respectively  to  O  x,  O  a,  O  &,  O  e.    Then  a  vertical  line,  i  Of  drawn  through  the 


intersection,  i,  of  m  A  and  p  A.  is  a  line  of  gravity  of  the  system  or  figure.  If 
the  body  or  figure  is  aymmetnceUf  as  in  the  cross  section  oi  a  T  rail,  I  oeam  or 
deck  bcMun,  etc.,  the  axis  of  symmetry,  dividing  the  figure,  etc.  into  two  simi- 
lar and  equal  parts,  is  also  a  line  of  gravity,  and  its  intersection  with  the  line 
i  O  already  found  is  the  required  center  of  gravity  G*  In  such  cases  it  is 
generally  most  convenient  to  draw  the  lines  through  the  several  centers  of 
eravity  perpendicular  to  the  axis  of  symmetry,  so  that  the  line  of  gravity 
found  will  also  be  perpendicular  to  it. 

But  if,  as  in  Fig.  8,  the  body  or  figure,  etc.,  is  not  symmetrical,  we  must  find 
a  second  line  of  gravity,  the  intersection  of  which  with  the  first  will  give  the 
center  of  gravity,  ©.  To  do  this,  repeat  the  process,  drawing  another  set  or 
parallel  lines  through  the  several  centers  of  gravity,  Fig.  8.  it  will  be  most 
convenient  to  draw  them  horizontally,  or  at  right  angles  to  those  already  drawn, 
and  in  the  following  instructions  we  suppose  this  to  be  done. 
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Then  draw  a  second  ftinicalar  polygon,  m'n'p'i'.  Pie.  8,  making  the  Ihiea, 
m^n/  etc.,  perpendicular  (instead  or  parallel)  to  the  radial  lines  O  x,  etc„  Fig.  •; 
and  draw  the  second  line  of  gravity,  i'  O,  through  i',  perpendicular  to  the  first 
Thee  O  is  at  the  intersection  of  the  two  lines  of  gravity. 


— 4-Qa 


wim^^ 


The  drawing  of  the  second  fhnlcular  polygon  is  often  less  simple  than  thai 
cf  the  first,  t^cause  in  the  second  the paranellines  through  the  several  centers 
of  gravity  do  not  necessarily  follow  each  otiier  in  the  same  order  as  in  the  first. 
Bear  in  mind  that  the  two  lines  (as  n'p',  nf  m')  meeting  in. the  parallel  line 
(as  bn^  pertaining  to  any  given  pait,  6,  of  the  figure,  must  be  oerpendicnlar 
respectively  to  those  radial  lines  (O  a,  O  b)  which  meet  the  ends  of  the  line, 
a  6,  that  represents  that  same  part. 

Figs.  10  and  11  show  the  application  of  the  same  process  to  an  irregular  fig- 
ure composea  of  three  rectangles,  a,  6  and  e.  The  lettering  is  the  same  as  m 
Fies.  8  and  0;  but  in  Fig.  10  if  happens  that  4f  and  p'  of  the  second  ftinionlar 
polygon  fail  Upon  the  same  point 


— fr 


i 


.V. 


M 


-— ^ 


\ 


Siff.ll 


11  the  centers  of  gravity  of  the  several  bodies,  or  of  the  several  parts  of  the 
body,  etc.,  are  in  more  than  one  plane,  we  must  find  their  projections  upen 
certain  planes,  and  apply  the  process  to  those  projections. 
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Speelal  Rales* 
1S2.    SpecSnl  Rales,  derived  from  the  general  rnlei,  (1)  to  (6). 

I^inee. 
(7).  Stmtght  line.    O  is  in  the  line,  and  ftt  the  middle  of  its  length. 
~    (8),  Clr^mlar  are,*  aob.  Figs.  12  and  13  (center  of  circle  at  c).  Q  is  in  tb* 
line  CO  joining  the  center  of  the  circle  with  the  middle  of  the  arc,  and 
chord  a  b 


eO  —  radius oc  X 


length  of  arc  aob 


0a)»  If  the  arc  is  a  senU-elrole** 

eG         —    radiusaoX—  —    radius  a  c  X  0J8««, 


2 


f8b).  Approximate  rules  for  distance  a  Of  Fig.  12,  from  chord  to  center  of 
gravity. 


9  » o  —  .01  chord  a  6;  «0  —  .666  »  o 
«  =3  .10  "  "  ;  "  =3  .665  «  o 
«•  =i.l6  «  ";  ♦•  «-.6«3ao 
»*  =•  .20  «  »  «  ;  «  =3  .660  8  o 
•*  —  .26     ••        •« ;   «  —  .66T  »  o 


If  rlao  «o  —  .3i>  chord  ab. 
*«    '.     "  —  .35     " 

u    u     *<  » .46     ** 
*t    n     u  _;5o     •» 


.«  —  .649«o 
"  —  .646*0 
-    —  .64l»3 


(9).  Trlanf^le,  a  be.  Fig.  14.  The  center  of 
gravity,  O,  of  its  three  sides*  is  the  center  of  the 
circle  inscribed  by  a  triangle,  d  0/,  whose  comers 
are  in  the  centers  of  the  sid^s  of  the  given  triMigie. 

(10).  Parallelogram  (square,  rectangle, 
rhombus  or  rhomboid^  The  center  of  gravity 
of  the  four  sides*  is  at  the  izxtersectioQ  of  the 
diagonals. 

(11).  Cirele,  elllpM,  or  r^mimr  polyi^n. 
Tho  center  of  gravity  of  the  outline  or  oircumfer- 
ence*  is  the  center  of  the  figure. 

(la).  RefoOar  prlam.  right  or  oblique,  and  rlsbt  r4»«;ular  jmrnaoAAf 
Dr  fmstnin.  The  center  of  gravity  of  the  edges*  Is  th*-  cnnusr  of  the  axis. 
In  the  prism,  the  position  of  Q  is  notalfected  by  either  including  or  excluding; 
the  sides  of  both  01  the  polygons  forming  the  enos. 

(12  a).  Cycloid.*    See  p.  194. 


Sarfoces. 
A.  Plane  rarfae«s« 

We  now  treat  of  the  centers  of  gravity  of  plane  surfaces,  which  may  be 
regarded  as  infinitely  thin  fiat  bodies.  The  rules  for  surfaces  may  be  used 
also  for  actual  flat  bodies,  in  which,  however,  the  center  of  gravity  U  in  the 
middle  of  the  thickness,  immediately  under  the  points  found  by  the  rules. 

(13)  Parallelogram  (square,  rectangle,  rhombus  or  rhomboid),  circle, 
ellipse  or  regular  polygon.  O  is  the  center  of  the  figure;  or  the  inter- 
section of  any  two  diameters,  or  the  middle  of  any  diameter.  In  a  Parallelo- 
gram, O  is  the  intersection  of  the  two  diagonals. 

(14).  Triangle,  Fig.  15.  O  is  at  the  intersection  of  lines  (as  o  «  and  ed) 
drawn  fVom  any  two  angles,  a  end  c,  to  the  centers,  «  and  d,  of  the  sides,  ft  < 


*  We  are  now  treating  of  tines  only;  not  of  the  surface  ^boup4i 
For  surfaces,  see  rules  (13),  etc.,  ele.  ^  9  ^^^^  bTVLaOVJgl 


ed  hy  the 
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and  a  6,  respectiyely  opposite  to  said  angles.  Saoh  lines  are  called**  medial  lines.* 
•  a  — ^oe;     da  — ^ed;    /O  —  i^  &/(/ being  the  middle  of  ae). 

b 

h \^^ 


i.//i>" 


C 


b'G' 

iTig.  le 

(14a)»  Fig.  15.  Or,  on  either  one  of  the  sides  (as  a  b\  meetingat  any  angle,  a 
make  ao  ^  ^C  ah.  Draw  op  parallel  to  the  other  side,  a c  Then  o  O  —  U 
op,  and  Q  is  at  the  intersection  of  op  with  any  medial  hne,  as  a  e,  eta 

(146).  Fig.  16.    If  aa\  bf,  etf  and  GG'  are  the  distances  of  the  three  cor- 
ners and  of  G  from  any  straight  lino  or  plane  cPe^;  then 
OG'         —  J^(aa' +  di/ +  «cO. 

This  gives  us  the  position  of  the  line  of  gravity  G  Q".  In  the  same  way  we 
find  the  distance  G  G"  of  G  from  any  second  line  or  plane,  6^  c".  This  gives 
us  the  position  of  a  second  line  of  gravity  GO'.  O  is  at  the  inftersecton  of 
GG'andGG^. 

(14  c).  Fie.  17.  The  distance  Q  n  of  O  in  any  direction  from  any  side,  as  a  « 
(extended  if  necessary)  is  —  ^  the  distance  n'o  measured  in  a  pwallel  direo* 
tion  from  the  same  side  to  the  opposite  angle,  6. 


It  follows  firom  this  that  the  shortsst  distance,  Go,  of  G  from  any  side  (as 
a^  is  «•  ^  the  shortest  distance,  o'  6,  from  the  same  side  to  its  opposite  angle  b. 

It  fonows  also  thatpG  «  ^pft,  as  in  Eule  (14). 

(15).  TntpeBtwin  or  Irapezold,  Fig.  18.  For  trapezoids,  see  also  Bule 
(16).  Draw  the  two  diagonals,  a  e  and  b  d.  Divide  either  of  them,  as  a  e,  into 
two eoual  parts,  am  tnaem.  From  6,on  bd,  layoff  frfi  — ds  (or  from  d lay  oil 
dn  —  o»).    Joinmn.    G  is  in  mn,  and 

mG        —  %  mn, 
(G  is  the  center  of  gravity  of  the  triangle  a  en). 

(I 


^ig.  18 


ITig.  Id 


(15  a). 


Or,  Fig.  19,  find  first  the  centos  of  gravity,  m  and  n,  of  the  two  tri* 
angles,  eb  d  and  a  6  d,  into  which  the  trapezium  is  divided  by  one  of  its  diago* 
nals,  b  d.  Join  m  n.  Then  find  the  centers  of  gravity,  o  and  p,  of  the  two 
triangles,  d  a  c  and  b  a  c,  into  which  the  trapezium  is  divided  by  its  othsr 
diagonal,  a  o.    Join  op.    Then  O  la  the  intersection  ot  mn  and  op.  r 
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(!•)•  Tn^tmmlA  oiftl|r.  Fig.  90.  Q  is  in  the  line  «/ Joiaing  the  oentar^ 
€  and  ft  of  the  two  parallel  sides,  ab  and  ed.  To  find  its  position  in  said  line, 
prolong  either  parallel  side,  as  a  &,  in  either  direction,  say  toward  i;  and  make 
hi  equal  to  the  opposite  side,  ed.  Then  prolong  said  opp<>site  side,  «d,  in  the 
opposite  direction,  making  a  A  -«  a  6.  Join  hi.  Then  O  is  the  intersection  oi 
hitaidef.   Or 


/a 


8 


2o6  +  ctf 
a6  -t-  «<<    ' 


or 


tn-ti.^* 


(IT).  ReffvlMr  ylygoii*    O  is  the  center  of  the  fignre. 

(ITa).  Irr^gaUur  p^ljrcon.  If  the  polvgon  be  divided  Into  any  two 
portions,  as  by  any  diagonal,  O  most  be  in  the  line  (of  grariiy)  Joining  the 
centers  of  gravity  of  those  two  portions.  If  we  again  divide  the  whole  polvgon 
Into  two  other  parts  by  another  diagonal,  and  Join  the  centers  of  gravity  of 
those  two  parts,  G  is  the  intersection  of  tne  two  lines  of  gravity. 

(1T6).  Or  we  m^  divide  the  polvgon  into  triangles,  find  the  oenter  of 
gravity  of  each  triangle,  by  Boles  (M),  eto^  and  then  find  O  by  general  Bala 
&>,(2)or(6). 


ITig.Sl 


(IS).  Glv«iil«r  Metor,  aobe.  Fig.  21.    (Oenter  of  circle  at  e). 

8  aroaod  8  X  area 

For  length  of  arc,  sae  y.  14L 

(18a).  If  theaaotorisaavztaat, 

€G       —  radios  X—        —  ladios  X  0.6M6b 
(186)*  If  the  aeotor  is  a  qumdrant.  Fig.  22, 

—  radios  X  MM, 


eCl  -        1  radios  X  ^^ 

8  W 


tf» -•        cO^-> 


1  radius  X  —  . 
8  r 


(Ite).  If  the  sector  is  a  0aiiiil*elrela» 


cQ 


-  4  "dioa  X  ~ 


—  radios  X  (USM 


U 


••  (approximately)  radios  X  -^  • 
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(!•).  CireiiUur  sef^mcnty  a  o  6  «,  Fig.  23.    (Center  oi  circle  at  e). 

^       cube  of  chord  a  6       ^ 
""   12  X  area  of  segment 

(19a).  If  the  segment  is  a  seml-eircley 

«0        —  -^  radius  X  —  —  radius  X  0.4244 

o  ir 

—  (approximately)  radios  X  -^-  • 


^^-"iTig.sa 


^).  Cjrdold,  Fig.  24.    (Vertex  at  v). 


vO 


-ii*'*- 


(ai).  Parabola,  a  6  e,  Fig.  25.  a e      l^ig.  s& 
is  the  bawe;    ax  and  ex,  ordinates; 
and  the  height  or  axis,  6x,  an  ab- 
scissa.  Center  of  gravity  at  O,  in  the 
axis  ic  6,  and 


<rO         — -r-xft. 
o 


(91a).  Semi- parabola,  a6x  or 
cbx.    Center  of  gravity  at  G',  and 


xQ 


-  6  **' 


(92).  KiUme,  mnop.  Fig.  26.     The  center  of  gravity,  c,  of  the  whoto 
•Uipse  is  at  the  center  or  the  ngure. 


ITig.se 


O  Is  the  ctpter  of  gravity  of  the  quarter  ellipse,  one. 
G'    "  ••         '*  "       "   half  *^      nop. 

Cyf    a  M  M  M         M      a 


mno. 


CO'. 


^  Qff  ^  JL.  ^  0.4244  oe  —  (approximately)  -;^  o c 
3  ir  ** 


CCr  —  GKG  —  i-cit  X  —  —  0.4244  cit  —  (approximately)  -^  9n, 
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(93).  Any  pUune  Ai^nrs.  Draw  the  figure  to  goale  on  etout  card^boarcL 
Cut  it  out  and  oalauce  it  in  two  or  moi«  positions  over  the  edge  of  a  table  or 
on  a  knife-edge;  and  mark  on  it  the  several  positions  of  tiie  supporting  edge. 
Where  these  intersect  is  trie  center  of  gravity.  Considerable  care  is  of  course 
necessary  to  obtain  very  close  results  Dy  this  method.  Before  balancing  the 
card,  its  upper  edges  should  be  marked  off  into  small  equal  spaces.  Otherwise 
it  will  be  difficult  to  locate  the  positions  of  the  supporting  edge.  The  papt>r 
on  which  the  figure  is  prepared  must  of  course  be  so  stiff'  that  the  figure  will 
not  bend  when  oalanced  on  the  knife-edge.    See  Rule  <6). 

B.    SarfiMses  of  Solids.* 

(34).  Carved  surfetce  *  of  spbcro  or  aptkerold  (•lllpflolA).  O  is  the  center 
of  the  figure. 

(95).  Curved  surface*  of  any  spberloal  some,  as  a  splkerleal  segittemtt 
bemUpbere.  etc.,  Figs.  27.    O  is  the  center  of  the  axis  or  height,  a  o.f 

In  the  li«intepb«r«f      o  CI       ""  H  ncUu8.t 


ITig.sr 


(a6).  Right  or  oblique  prism,  whose  ends  are  either  regular  figures 
or  parallelograms  (this  includes  the  eube  and  other  parall«loDlp«ds)|  and 
rignt  or  oblique  cylinder  (circular  or  elliptic).    Surface*  (either  including 
both  or  excluding  both  of  the  two  parallel  ends).    G  is  the  center  of  tlie  axis, 
or  line  joining  the  centers  of  the  two  parallel  ends. 

(aT).  Curved  surface  ♦+  of  rightoone,  Fig.  28  (circular  or  elliptic),  or  slanting 
surfaces*!  of  ng^^  regular  pyramid.  FIk.  29.  O  is  in  the  axis  oa  (the  line 
joining  the  apex  and  the  center  of  the  base};  and 

In  an  oblique  cone  or  p5rramid,  the  perpendicular  distance  of  G*  ftrom  the 
base  is  one-third  of  the  perpendicular  height,  as  in  the  right  cone  and  pyramid: 
hmt  doe*  not  lie  in  the  axis. 


(aS),  Fmstitms  with  top  and  base  parallel,  Figs.  30  and  31.  Curved  Bur- 
f»ice*t  of  fniBtum  of  right  cone  (circular  or  fllipUc);  or  slanting  surfaces  •+  of 
frustum  of  right  regular  pyramid.  O  is  in  the  axis  o  u  (the  line  joinin«  the 
centers  of  the  two  parallel  ends) ;  and  ^ 


yO^joaX 


circumference  of  o  -f  2  circumference  of  a. 
cironmference  of  o  -}-  oiroumference  of  a. 


•We  -treat  now  of  the  surfaces  of  solids,  not  of  their  contents  or  volumes  ot 
weights.    For  ttiese,  see  Rules  (29),  etc. 
t  If  the  top  or  base  is  to  be  included,  see  Rules  (1)  end  ^. 
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In  the  eonle  fimstmny  Fig.  30,  we  may  use  the  radii  of  the  two  ends;  and 
In  the  fk'ustam  of  a  rerajuar  pj^immldy  Fig.  31,  any  tide  of  each  end  (•• 
h  e  and  d  e)  instead  of  the  circumferences. 


l^i«.  30  jTig,  31 

Solids. 

In  the  following  rules  for  center  of  gravity  of  solids,  the  solid  is  suppoted 
to  be  homoaeneous ;  i.  e.,  of  uniform  density  throughout;  so  that  the  center  of 
gravity  is  trie  center  of  magnitude  or  of  volume. 

($99).  Sphere  and  splkerold  (elllpaold).    O  is  the  center  of  the  body. 

(30).  Hemispl&erey  Fig.  32.  (Center  of  sphere  at  e).  Height  e  T  —  radius 
eb.    O  is  in  the  axis,  e T,  and 


«o 


-■?-«T 


-—  radius  eb. 


(8I)*  Spherical  aector, 


Fig.  33.    (Center  of  sphere  at  c). 
c O    —  —  (radius  eb 5-). 


Fig.  34 


(39).  Spherical  sef^enty  a  m  b  T.  Fig.  34.   Center  of  sphere  at  e.   (^nter 
of  ba«e  at  m.   Rise  or  height  of  segment  —  m  T  —  A.   O  is  in  the  axis  m  T ;  and 
3^       (2  radius  c  6  of  apAerg  —  height  h)* 
***  ""  4  ^    3  radius  c6  of  sphere  —  height  h 

^       height,  A  ,,  2  (radius  w6  of  6<Me)«  +  (height,  A)« 
■H*  ■— X  ^  r_.  ■,. t  .^  t  „..vo — : — /i:.i_i.i^'  .%« 


3  (radius  m  6  of  6(Me)«  +  (height,  A)* 

4  X  radius  c  6  of  sphere  —  height,  h 
3  Xradius  c  6  of  «pAer«  —  height,  k  ' 


height,  h  ^  4  X  radius  c  6  of  sphere  —  height,  h 


(33)«  Spherical  xoncy  Fig.  35. 

-  ^  ^       2  (radius  o  6  of  base)*  -f  4  (radius  <c  of  top)«  -f  (heighlfc  9  j^ 
o  w  —     2     X  3  (j^iuQ  ^  ^  ^jj.  j^Q^j  ^  3  (radius  «  c  of  top)«  +  (height  0 1)«  * 

(34).  Prism,  regular  or  irregular,  right  or  oblique  (including  the  cube 
and  other  parallelopipeds),  and  cjrlinder,  circular  or  elliptic,  ete.,  regular 
or  irregular,  right  or  oblique.  O  is  the  center  of  the  axis  Joining  the  centers 
of  gravity  of  the  two  ends. 
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(34  a).  A  flat  body,  such  as  an  iron  plate,  etc,  may  be  treated  as  a  yery 
short  cylinder  or  prism.    See  (34) 

(36).  Ungrola  of  a  cylinder,  circular,  or  elliptic  (provided  one  of  the  ftzea 
•f  the  ellipse  coincides  with  the  oblique  outung  plane);  right  or  oblique. 
"*'      ""    nd37. 


I«et  O  T  be  the  axis  (joining  the  centers  of  gravity  of  the  ends),  and  X  N  a 
line  drawn  parallel  to  the  axis,  in  the  plane,  A  B  C  D,  passing  through  the 
axis  and  through  the  uppermost  and  lowermost  points  G  and  D  of  the  oblique 
cutting  plane.    Then  the  position  of  G  in  the  plane  A  B  G  D,  is  found  thus: 


OX      - 


OB. 


xo 


.XN 
2 


^  2h  +  a  * 

.i(2h  +  a  +  i_J^!_). 
4  ^  *  2h  +»/ 


(35  a).  Figs  38  and  99.    If  the  obllaue  plane  C  D  meets  the  base,  A  B,  at  A,  M 
that  A>«0,  while  G  D  remains  a  complete  ellipse  or  circle,  this  becomes 

C 


A  O  X  B 

XriK.38 


Ei^g^aQ 


OX      - 


OB 


XO 


XN  g 


(86).  Cone,  Figs.  40  and  41,  circular, 
elliptic,  etc.,  right  or  oblique;  or  pyra* 
midy  regular  or  irregular,  right  or 
oblique.  The  center  of  gravity  O  is  in 
the  axis  O  T,  drawn  from  the  apex,  or 
top,  T,  to  the  center  of  gravity  O  of  the 
base;  and 

OT 
OG      -i~. 


T'iff .  4rO 


B^ig.^a. 


(87).  Frastom  of  a  cone.  Figs.  42  and  43,  circular  or  elliptic,  right  or 
oblique;  orof  a  pyramid,  regular  or  irregular,  right  or  oblique;  provided  the 
two  ends  A  B  and  G  D  are  parallel. 

Gall  the  area  of  the  large  end  A,  and  that  of  the  small  end  a ;  and  let  h  be 
ttie  height  O  Z  of  tne  frustum,  mecuured  along  itt  oxm.    Then 
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irig._4,s 


Kig.4:3 


G  is  in  the  axis  O  Z,  whioh  Joins  the  centers  of  gravity  O  and  Z  of  (he  tiPt 
Mkds;  and  its  distance  from  the  base,  A  B,  measured  cUong  the  axia,  is 


OG 


4 


A    4     2  /Aa     -f    8a 


A    + 


/AS 


(37  a}.  In  a  firastum  of  a  circular  cone,  right  or  oblique,  with  parallel 
ends,  ttiis  becomes 


4 


R»    +    2  R  r    +    3  r« 


Ra    +       Rr    + 


r«' 


«rhere  R  and  r  are  the  radii  of  the  large  and  small  ends  of  the  firastum 
respectively. 

(38).  Figs.  44  and  45.  Frustum,  A  B  C^D,  of  a  cone,  circular,  elliptic, 
etc.,  right  or  oblique ;  or  of  a  pyramid,  regular  or  irregular,  right  or  oblique ; 
whether  the  ends  are  parallel  or  not.  By  rule  (36)  find  the  center  of  gravity 
N  of  the  entire  pyramid  (or  cone,  as  the  case  may  be)  A  B  T,  of  which  the 
frustum  forms  the  lower  part;  and  the  center  of  gravity  S  of  the  smaller 

gyramid  or  cone  D  C  T  («  entire  pyramid  or  cone,  minus  the  Arustum).  Also 
nd  the  volume  of  each :  thus. 


'  '^    i 

r 

K 

/ 

\ 

/  / 

ic 

/si 

y^^k. 

m 

A  O  B 

Wig.  44 

Volume  of  pyramid  or  cone  -  area  of  base  X  perpendicular  height  ^ 

8 
•ad 

Volume  of  volume  of  volume  "f 

the  frustum    ■■    entire  pyramid    —      smaller 
A  B  C  D  or  cone,  A  B  T  one,  DOT 

Then  the  centpr  of  gravity  G  of  the  frustum  A  B  G  D  is  in  the  extension  d 
the  line  S  N ;  and 

volume  of  smaller  pyramid  or  cone,  DOT 


NG    -    8N    X 


volume  of  frustum,  A  B  C  D 


(39).   Paraboloid*    G  is  in  the  axis,  and  af  one-third  of  its  length  oroa 

Digitized  by  VjOOQIC 


CENTER  OF  PRESSURE.  899 

UNB  OF  PRESSVBE. 
CENTER  OF  FORCE  OR  OF  PRESSURE. 

Position  of  Resultant* 

133*  In  ^^  133  to  154  we  discuss  the  position  of  the  resultant,  or  line  of 
pressure,  of  a  system  of  parallel  forces  acting  against  a  surface.  For  the 
changes  in  that  position  within  a  structure,  due  to  the  action  of  non-parall^ 
forces,  see  Arches.  Dams,  etc.,  1^  251,  etc. 

134.  In  a  system  of  parallel  forces,  acting  against  a  surface,  the  line  of 
pressure,  or  pressure  line,  is  the  p>osition  of  the  resultant  of  the  forces;  and 
the  center  of  force  cr  center  of  pressure  is  the  point  where  the  pressure  line 
meets  that  surface  against  which  the  forces  act. 

135.  If  the  lengths  of  the  lines  which  represent  the  forces  be  taken  as  rep- 
resenting weights,  to  scale,  thci  the  pocition  of  the  pressure  line  is  the  line  of 
gravity  (see  (5),  If  131)  corresponding  to  those  weights. 

136.  Thus,  in  Fig.  5&  (a),  f  117,  if  the  three  forces,  o,  h  and  c,  be  taken 
as  weights,  represented  to  scale  by  the  arrows,  a,  b  and  c,  respectively,  then 
the  resultant  K  of  the  three  forces  occupies  the  position  of  the  line  of  gravity 
of  the  three  weights. 

137.  Again,  in  a  mass  of  sand.  Fig.  61.*  with  an  irregular  surface,  we  may 


Figr.  61. 

vuppose  the  mass  to  consist  of  innumerable  vertical  columns  of  sand,  of 
different  heights,  and  exerting  pressures  proportional  to  those  heights.  Here* 
also,  the  pressure  line  is  the  vertical  line  of  ^ravitv  of  the  mass,  and  the  cen- 
ter of  pressure  against  the  base  of  the  containing  box  is  the  point  where  said 
pressure  line  meets  that  base. 

138.  Although  we  are  usually^  concerned  with  forces  acting  against  tut' 
faces,  so  that  the  lines  representing  the  forces  form  a  solid  and  not  merely  a 
surface,  yet,  Lx  a  majority  of  the  cases  which  occur  in  civil  engineering,  we 
mav,  for  con /onience,  regard  the  forces  as  concentrated  in  a  single  plane, 
and  therefore  as  acting  against  a  mere  line. 

139.  Thus,  in  the  case  of  an  arch,  pressing  against  its  skewback,  the  pres- 
sure is  ordinarily  distributed  over  all  or  a  considerable  part  of  the  bearing 
surface  of  the  skewback;  but  we  may,  for  convenience,  regard  it  as  concen- 
trated in  a  single  plane,  midway  between,  and  parallel  to,  the  two  faces  of 
the  arch. 

140.  Similarly,  in  the  case  of  the  water  pressure  against  the  back  of  a  dam 
(or  against  &  small  strip  of  the  back^  extending  from  the  water  surface  to  the 
bottom,  or  to  any  other  depth),  the  water,  of  course,  presses  upon  the  entire 
surface  of  such  strip ;  but  we  may,  for  oonvenienoe,  regard  the  pressure  as 
concentrated  in  a  vertical  plane  normal  to  the  back  of  the  dam  and  meeting 
it  in  the  vertical  axis  of  the  assumed  «trip. 

141.  We  have  just  seen  (1ft  138  to  140)  that,  when  a  system  of  parallel 
pressures  acts  against  a  surface,  they  may  often  be  assumed  tc  act,  in  one 
plane,  against  a  single  line — viz.,  the  intersection  of  that  plane  with  the  sur- 
face. It  also  frequently  happens  that  such  forces  are  so  distributed  along 
that  line  that  the  Imes  representing  the  forces  are  either  of  equal  length  or  of 
lengths  increasing  uniformly  from  one  end  of  the  line  to  the  other. 


^Following  Fig.  60,  of  Parallel  Forces,  f  124.  Figs.  1  tc  45,  illustrating 
Center  of  Gravity,  are  numbered  independently  of  the  rest  of  the  series  o7 
figures  relating  to  Statics.  /^  ^  ^  ^  T  ^ 
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142.  Thus,  in  the  •case  of  water  resting  upon  a  horizontal  surface.  Fig.  62, 
the  pressure  is  uniformly  distributed,  and  the  diagram,  Fig.  (6).  representing 
the  pressures,  is  a  rectangle  bounded  by  a  horizontal  line,  ana  its  center  of 
gravity.  G,  is  at  the  center  of  the  figure.  Hence,  the  center  of  pressure,  c,  is 
at  the  center  of  the  line  a  b,  or  I. 

Here  the  unit  pressure,  p,  is  uniform,  and  R  —  p  Z. 


^ 


(a) 


\p(b) 


rig,  69. 


Wig.  68. 


143.  But  when  the  water  presses  horizontally  against  a  vertical  or  in- 
clined surface,  a  b.  Fig.  63,  the  unit  pressure  increases  uniformly  from  zero, 
at  the  water  surface,  6,  to  a  max  at  the  bottom,  a  ;  and  the  hor  pressures 
are  represented,  in  Fig.  (6),  by  the  ordinates  of  the  triangle  6'  o'  d.  Since 
the  resultant  passes  through  the  center  of  gravity,  G,  of  the  triangle,  the 
center  of  pressure,  c,  is  at  such  a  depth  that  ca  —  i  a  6,  and  c'  o'  —  i  h. 
See  flule  (14  c)  under  Center  of  Gravity. 

Here  the  mean  horizontal  unit  pressure,  p,  is  half  the  maximum  horizontal 
pressure  at  a,  and  the  total  horizontal  pressiu^  is  —  p  A. 


FiiT-  «4« 


144.  Again,  if  we  consider  onlv  the  water  pressures  against  a  certain  partf 
a  b.  Fig.  64,*-  of  the  depth  of  the  back  of  a  dam.  the  diagram.  Fig.  (6),  repre- 
senting the  horizontal  unit  pressures,  becomes  a  trapezoid,  composed  of  a 
rectangle  b^  d,  and  a  triangle  €  d  f,  with  their  centers  of  gravity  at  g  and  o' 
respectively;  and  the  center  of  pressure,  c,  onab,  is  opposite  their  conunon 
center  of  gravity  (center  of  gravity  of  trapezoid),  G.  If  A  be  the  vertical 
depth  of  the  portion  considered,  then 

2  b*  e  ■\-  a'  f 
b*  e  +  aff  ' 

See  also  Oenter  of  Pressure, 


a'  (/ 


See  Rule  (16)  imder  CJenter  of  Gravity, 
under  Hydrostatics. 


Distribution  of  Pressure. 

145.  Conversely,  if  two  surfaces,  as  those  of  a  masonry  ioint,  are  in  such 

contact  that  the  pressure  is,  or  may  be  regarded  as,  regularly  distributed, 

and  if  the  position  of  the  resultant  is  known,  the  rectilinear  figure,  reiNreeeDt- 

ing  the  distribution  of  pressure,  may  be  drawn  by  means  of  the  principUn 

^st  stated.  ^  , 
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146.  In  Figs.  65  to  68  inclusive,  let 

'  the  center  of  the  joint  a  b  between  the  two  surfaces; 
'  the  total  pressure  —  resultant  of  all  the  pressures; 


R 

c 

I 


point  of  application  of  resultant,  R ; 
■-  a  b  —  the  length  of  the  joint; 
X    "  0  c  '^  the  distance  c^  the  center  of  pressure  from  the  center  of  the 
joint; 

y    ■■y  —  X  "  ac  "  distance  of  center  of  pressure  from  nearest  end  of 

joint; 

p    —  the  mean  unit  pressiu«  —  -:  ; 

pa  ■■  the  maximum  unit  pressure ; 
pb  —  the  nnnimum  imit  pressure. 
ft  147  to  154  apply  equally  whether  the  surface  is  horizontal,  vertical  or 
inclined,  and  whether  the  forces  are  normal  or  inclined  to  it. 

147.  If  X  is  not  greater  than  -^t  or,  in  anjr  case,  if  the  joint  is  capable  of 
o 
sustaining  tension,  as  well  as  compression,  we  havej 


Maximum  unit  pressiure  =»  p^  = 

Minimum  unit  pressure  ■ 
I 


If  X  exceeds  ^,  and  if  the  joint  is  incapable  of  resisting  tension,  see  %% 
161, 152,  154. 


fn   ff %I- 


F%.65« 


f  !§:•  ««• 


148.  Demonstration.  In  Fifr.  66,  where  the  parallelogram  a'  d  repre- 
sents the  total  pressiu*  R  as  it  woiUd  be  if  uniformly  distributed  along  I,  we 
see  that  the  moment  of  R,  about  o,  which  changes  the  parallelogram  a'  d  into 
the  trapezoid  a'  6'  n  m,  is  equivalent  to  a  couple  (see  Couples,  If  155.  etc.) 
composed  of  two  fcNroes — viz.,  a  pressure,  /  (not  shown)  distributed  over  o  a 
and^  represented  by  the  shaded  triangle  on  the  left,  and  a  tension,  — /.  or 
diminution  cf  pressure,  distributed  over  o  b  and  represented  by  the  triangle 
on  the  rii^t.  The  forces,  /  and  — /,  act  through  the  centers  of  jrravity  of 
these  two  triangles  respectively;  and  the  distance  of  each  of  these  centers 
of  gravity  from  the  center,  o,  of  the  joint,  measured  parallel  to  the  joint, 

2      I 
is  -■  •=-  .  -5-.    Heno«  ihe  distance  between  the  two  centers  of  g^ravity,  meas- 
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21 
iired  parallel  to  the  joint,  is  «  -=-.  '  Let  x  be  the  eeoentrioity,  c  o,  of  R, 

measured  alone  the  joint,  and  let  Am  and  Ao  (not  shown)  be  the  lever  arms 

of  R  and  of  the  couple,  respectively,  about  the  center,  o,  of  the  joint. 

Then,  since  R is  parallel  to  /  and  — /,  Ar  to  Ac,  and  x  to  A  we  have: 

A  A  2Z 

Ab  :  Ac  =  X  :  -5-. 

21 

If  R  is  normal  to  the  joint,  we  have:  A*  =*  x;  and  Ao  —  - 


FIff.  65  (repeated). 


Now 
Hence, 


/  = 


/  = 


moment  of  R  _ 
arm  of  couple 
R.  x_  R    3x 
21    ~  I  '  2 
3 


FliT*  66  (repeated). 

R.A« 

Ac    * 
8x 
2  * 


The  mean  additional  pressure  on  o  a  (or  mean  tension  on  o  b)  is  ■■  -ry 


and  the  corresponding  maximum  additional  pressure  is 

-         »f         4.43x  6x 

6  X  /,    ,   6  x^ 


Now  j\  -p  +  /«-p  +  p-p-p(l+  -7-) 


/ 


,                      -                      6  X           ,,        6  X. 
and  Pb  -  p  —  /«  -  V  —  p-f  -  P(l J-)- 

149.  If,  as  in  Fig.  65,  the  center  of  pressure,  c.  is  at  the  ci^ter,  0,  of  the 
surface,  we  have  x  —  o  c  —  sero,  and  the  pressure,  R,  Is  uniformly  distrib- 
uted over  the  surface. 

150.  ••  The  Middle  TWrd."  If,  as  m  Fig.  67,  x  -  i  —  i.  «..  if  the  re- 
sultant, R.  of  all  the  forces,  meets  the  surface  at  the  edge  of  the  middle  third 
of  that  surface,  then  p%  "  2  p ;  and  Pb  -  0.     See  %\  143  and  148. 

151.  When,  as  in  Fig.  68  (a),  x  exceeds  v — *•  «•»  when  the  center  of  pres- 

o 
sure,  c  falls  beyond  the  middle  third  of  the  surface  of  pressure,  a  portion, 
%  b,  oi  the  surface,  is  in  tension,  the  maximum  tension,  Pb.  Fig.  68  (6). 

being  —  p  (1  - — ^)  as  above;  maximum  pressure  =  p  (1  +  -7^,  and  total 
pressing  on  a  «  •«       2^   —  ^  P'***  *^  tension  in  «  6  ;  but  if,  as  usually 
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happens  in  masonry,  the  surf aoes  are  incapable  of  resistinc  tension,  the  total 

£res8ure,  R,  is  simply  ooncentrsted  upon  a  portion  a  v,  Fig.  68  (c),  of  the  sur- 
Mse,  a  V  being  »  3  ]/. 

Then,  mean  unit  pressure  on  a  v  *  —  —  5 — ; 


Ft«.67, 


Jtig.  6S. 


152,  Hence,  in  a  joint  incapable  of  sustaining  tension.  Fig.  68  (c),  if  ]9^  -■ 

2  ^—  is  the  maximum  permissible  unit  stress,  the  distance  a  e,  from  the  cen« 

o  y 
ter  of  p,ressure,  c,  to  the  nearest  end  of  the  joint,  must  not  be  less  than  y  -• 
2R 

8p.* 

153.  If  the  joint  can  resist  tension,  Fig.  68  (6),  we  substitute,  in  the  equa- 

6  X  { 

tion,  A  —  p  (1  +  -7-),  the  value  of  «  —  -5  —  y,  and,  solving  for  y,  we  have 


y-T^- 


2 

6p' 


154.  The  influence  diagrams,  Fig.  69  (see  flf  339,  etc.,  and  Trusses, 
%li  70,  etc.),  show  the  changes  in  the.  maximum  and  minimum  unit  pres- 
sures, p^  and  Pb,  as  the  center  of  pressure,  e,  recedes  from  the  center,  o,  of 
the  joint.  The  diacrrams  are  constructed  for  a  mean  unit  pressure,  p,  of  1. 
If  the  surfaces  of  the  joint  are  capable  of  sustaining  tensiun.  every  i>a]*t  of 
the  joint  always  sustains  either  pressure  or  tension ;  and/(see^Qlitea  imes 

igitized  by  VJOVJ^U. 


404 


STATICS. 


Fig.  60)  the  maximum  unit  pressure,  p»  —  p  (1  +  -r^),  see  %  140,  ineresees 


4  R 
proportionally  with  x;  becoming  -■  4  p  —  — j-  when  e  reaches  the  end,  a, 

of  the  joint,  and  y  =*  ^« 


2R 


The  maximum  tension,  Pb.  is  then  ■-  2  p  *  — r- 


But  if  the  surfaces  are  incapable  of  sustaining  tension  (see  solid  lines,  Fig. 


),  the  increase  of  p»  is  proportional  to  x  only  so  long  aax  < 


; — I.  e.,  so 


long  as  the  resultant  of  all  the  pressures  falls  within  the  middle  third  of  the 
base  a  b.  When  that  limit  is  exceeded,  the  maximum  unit  pressure,  p„ 
begins  to  increase  more  rapidly  than  does  the  distance,  x,  of  c,  from  the 
center,  o.  of  the  joint,  the  diagram  becoming  a  rectangular  hyperbola;  so 
that,  if  the  resultant  could  be  actually  ap^ued  at  the  very  edge  of  the 
joint,  the  unit  pressure  tnere  would  become  infinite. 


Center  of  Joint-to  eonter  of  pressure 


COUFLES. 

15ff.  Couples.  Two  equal  parallel  forces,  p  and  9,  or  p'  and  9^,  Fig.  70,* 
of  opposite  sense,  are  called  a  couple.  A  couple  has  no  tendency  to  move 
the  body  t  aa  a  whdLe  in  any  straight  line.  In  other  words,  the  two  forces, 
forming  a  couple,  can  have  no  resultant.  Their  only  tendency  is  to  make  the 
body  revolve  about  its  center  of  gravity,  G.  and  in  the  plane  of  the  couple 
— i.  e.,  the  plane  in  which  the  two  forces  lie.  A  body  with  a  fixed  axis  can 
revolve  only  in  a  plane  normal  to  that  axis.  The  actual  plane  of  rotation  of 
a  free  body  depends  upon  the  distribution  of  mass  in  the  body,  and  is  not 
necessarily  the  plane  of  the  couple. 


*  Figs.  70  to  75  are  supposed  to  be  seen  in  perspective,  and  the  forces  are 
Supposed  to  act  in  the  planes  shown, 
t  See  foot-note  (♦),  \  1. 
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156*  The  moment  of  a  conple  is  equal  to  the  product  of  one  ^  tht 
two  forces,  p  or  9.  into  the  perpendioulat*  distance,  d,  between  the  two  f oroea^ 
Or,  in  our  ngures, 

moment  of  couple  —  p  .  d  ■■  q  .  d, 

161.  GraiUilc  Bepresentatlon  of  Couples.  A  couple,  M  or  N,  Fie. 
70,  is  indicated,  in  amount,  in  direction  and  in  sense,  by  a  line,  L  or  U, 
normal  to  the  plane  of  the  couple,  so  placed  that,  looking  along  it  toward 
that  plane,  the  couple  appears  positive  or  right-handed,  sjqd  of  such  length 
as  to  represent,  by  scale,  the  moment  of  the  couple.  In  Fig.  70,  the  two 
couples  M  and  N  are  of  opi>osite  sense.  Hence  the  lines  L  a^d  L',  repre* 
ffftnting  them,  project  in  opposite  directions  from  their  respeetire  plaoes. 


Fly.  70, 


Flff.71. 


158*  Composition  of  Couples.  If  the  lines.  L  and  L^  Fig.  71,  repre- 
ient  two  couples,  in  accordance  with  ^  157,  then  the  line  B,  oompletiog  the 
tnangie^  will,  in  the  same  way,  represent  their  resultant  or  anti^reeultant. 
As  drawn,  with  its  arrow  foUowing  those  d  the  other  two  side^  it  re|>;esents 
their  ofUi-reeultant.  For  their  resultant,  the  arrow  on  R,  and  that  indioatinc 
the  direction  of  rotation,  must  be  reversed. 

IffO.  BonmlltT  of  Couples.  Two oonpiss,  M  and  N,  in  theeame  plaoe. 
Fig.  72  or  Fig.  73,  or  in  parallel  planee.  Fig.  70,  are  e<iaal  if  tbsir  moments 
are  equal,  whether  or  not  the  foreee  of  one  of  the  couples  be  equal  or  parallel 
to  those  of  the  other.  In  Fig.  73,  the  two  couples,  M  and  N,  are  of  like  sense; 
m  Figs.  70  and  72,  of  opposite  sense. 


Fly.  73. 


Fiff.7S. 


160.  8inee  a  couple  has  no  resultant  (^  155),  it  can  have  no  antl-re^Itant; 
i.  €.,  na  single  force  can  balance  a  couple  and  thus  preserve  equihbrium. 
(But  see  %  168.)  To  do  this  requires  an  equal  and  opposite  couple.  Thus, 
in  Fig.  72  the  couple  M  is  balanced  by  the  equal  and  opposite  couple  N.  If, 
as  in  Fig.  72,  the  two  couples  are  in  the  same  plane,  and  if  we  find  first  the 
resultant  of  either  pair  ot  non-parallel  forces,  as  p  and  p',  and  then  those  of 
the^  other  pair,  ^  and  q',  we  shall  find  these  resultants  equal  and  opposite, 
yYi^itit<tining  equilibrium. 

161.  Any  couple,  as  M.  Fig.  73,  may  be  replaced  by  any  other 
equal  couple;  N,  in  the  same  plane  or  in  a  parallel  plane,  and  of  like  sense. 

162.  If,  to  a  force.  P,  Fig.  74  (a),  we  add  a  couple,  M.  Fig.  74  (fr).  in 
the  same  plane  with  the  force,  we  mav  replace  the  couple,  H,  by  an  equal 
and  like  couple,  N,  Fig.  (c),  composed  of  the  forces,  — r  and  P',  each  -«  P. 
placing  ^— P  opposite  P,  as  shown.  Then  P  and  — P  counteract  each  other,  and 
we  have  left  only  P',  equal  and  parallel  to  P;  and,  since^d^— Jkl,  we  have 
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d  —  — .    In  other  words,  the  effect  of  the  addition  of  the  oouple,  M,  Fig.  (&)• 

p 
to  the  force,  P,  is  simply  to  shift  the  line  of  action  of  P,  parallel  with  itself, 
through  the  distance,  d.    If  the  couple  M  is  left-handed,  as  in  the  figure,  r 
will  be  shifted  to  the  right  (looking  in  its  own  direction),  and  vice  versa. 

163.  Convewely,  the  force,  P',  Pig.  (c),  is  equivalent  to  the  combination 
of  force  P  and  couple  M,  Fig.  (6). 


164.  Again,  having  only  the  force  P',  Fig.  (c),  if  we  ap^Iy.  at  a  distance, 
d,  from  P',  t\m  two  opposite  forces,  P  and  — P,  each  eqoal  and  parallel  to  P', 
we  shall  thus  substitute,  for  P',  the  equal  and  parallel  force,  P,  and  a  couple 
-  Pd  -  M. 

165.  Hence,  also,  the  combination  of  the  force  P  and  the  couple  M,  Fig. 
(b),  is  equivalent  to  the  combinaition  of  the  force  P  and  the  couple  N,  Fig. 
(c). 

166.  If  the  moment  of  the  couple,  M,  Fig.  (5),  or  N,  Fig.  (e),  be  equal  and 
opposite  to  the  moment  of  the  force  P  about  the  center  of  gravity,  G,  of  a 

M 


body,  we  have  d  = 


•  distance  from  P  to  CL     In  other  words,  the  effect  of 


such  a  couple  is  to  shift  the  force,  P,  parallel  with  itself,  to  a  line  passing 
through  the  center  of  gmvity.  O. 

167.  Hence;  the  effect  of  a  force.  P,  Fig.  (o),  applied  to  a  body  at  a  di»> 


tance,  d,  from  its  center  of  gravity,  Q*  ia  equivalent  to  the  combined  eCeet  oi 

rallel  force,  P',  Fig.  (e),  applied  at  the  center  of  gravity,  and 

"'     '       _Pi,  and  of  likis  sense,  applied  to  any  part  of  tfae 


an  equal  and  paralh 

a  couple  (as  M,  Fig.  b) 

body  m  a  plane  parallel  to  P  aiid  P'. 


168.  It  will  be  seen  that,  although  <t  160)  no  sinsln  force  can  balance  a 
eouple  and  establisb  equilibrium,  yet,  if  a  force,  P,  be  so  applied  that  its 
motoettt,  Pd,  abont  the  center  of  gravity,  Q,  of  the  body,  is  equal  and  oppo- 
site to  the  moment  of  the  couple,  it  will  counteract  the  tendency  to  rotation, 
du9  to  the  couple,  and  substitute  for  it  a  motion  of  translation  otdy. 


Flgr.  75. 

169*  Thus,  in  Fig.  75,  where  the  force,  p.  acts  through  the  center  of 
ffravity,  O,  of  the  body,  let  a  force,  — q,  eoual  and  opposite  to  «  be  applied 
m  the  same  line  with  it.  Then  rotation  wiu  be  prevented,  and  the  bodv  wifl 
move  *  under  the  action  of  p  (  «■  the  reeuHant  of  the  three  fcrces),  which  acts 
through  the  center  of  gravity,  G,  of  the  body.  The  rotation  will  similarly 
be  prevented  if  a  force 7«««  than  ^  be  applied  farther  from  G  than  9  is;  or  if  a 
force  greater  than  q^  be  applied  nearer  G  than  a  is;  provided  always  that  the 
moment  of  said  third  force,  about  G,  be  equal  and  opposite  to  that  of  the 
couple  p  o.  But  in  the  first  case  the  resultant  of  the  three  forces  (being  always 
equal  to  the  third  force)  will  be  less,  and  in  the  second  case  greater,  than  p. 

170.  If.  to  a  couple,  be  added  a  third  force,  colinear  with  one  of  the  foress 
of  the  couple,  we  have  the  case  of  two  unequal  parallel  forces  of  oppoeit« 
See  t  112,  under  Parallel  Forces. 


♦  See  foot-note  (*),  H  1. 
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FBICTION.* 

171.  When  one  rough  body  rests  upon  another.  th«  projections  and  de- 
pressions, forming  the  roughnesses  of  their  surfaces  of  contact.  Interlock 
to  a  greater  or  less  extent;  and,  in  order  to  slide  one  over  the  other,  we  mast 
expend  a  portion  of  the  sliding  force,  either  in  separating  the  bodies  (as  by  lift- 
ing the  upper  one)  sufficiently  to  clear  the  projections,  or  in  breaking  off  some 
of  the  projections  and  clearing  the  others. 

172.  Even  the  most  highly  polished  flat  surface,  bbxv.  Fig.  76,  is  n«4  (as  it 
appears  to  the  eye)  a  plane,  but  is,  in  fact,  a  more  or  leas  ja®^  surface,  as 
would  appear  under  a  sufficiently  powerful  microBcope;  so  that  the  force,  a  6, 
instead  ol  forming  the  apparent  an^e,  062,  with  one  smooth  surface,  x  y,  of 
application,  really  becomes  a  series  of  parallel  forces,  as  c,  d  and  0,  which  form 
other  angles  with  a  number  of  surfaces,  m  m.  n  n,  etc..  of  application,  inclined 
(often  in  different  directions)  to  the  general  surface,  z  y,  as  shown.  Among 
these  surfaces  may  be  some,  as  m  m,  at  right  angles  to  the  applied  force;  and. 
the  force  c  will  be  imparted  to  them  in  its  original  direction,  although  appliea 
oblimiely  to  the  apparent  surface,  x  y.  In  the  case  of  the  two  forces,  d  and  e, 
applied  to  the  surfaces,  n  n  and  »  »,  if  the  sliding  tendencies  along  the  two 
surfaces  are  equal  and  act  in  oppeeition  to  each  other,  the  combined  resistance 
of  the  two  surfaces,  n  n  and  »  «,  is  directly  opposite  to  the  forces,  as  would  be 
that  of  a  single  surface  at  right  angles  to  those  forces. 


Ftgr. 


173.  It  is  of  course  entirely  out  of  the  question  to  ascertain  the  exact 
resistance  of  each  such  microscopic  projection  in  any  given  case.  Instead  of 
this,  we  find  by  experiment  the  combined  resistance  which  atl  of  the  projec- 
tions, in  a  given  case,  offer  to  the  sliding  force,  and  give  to  this  resistance  the 
name  of  friction. 

174.  Friction  always  tends  to  prevent  relative  motion  of  the  two  bodies 
between  which  it  acts;  i.  <>„  motion  of  one  of  the  bodies  relatively  to  the  other. 
In  doing  sq.  howew,  it  t«nds  equally  to  cause  relative  motion  f  between 
each  of  those  two  and  a  thirdi  or  outside  body.  Thus,  the  fric  between  a  belt 
and  the  pulley  driven  by  it  tends  to  prevent  slipping  between  them;  but  thus 
tends  to  make  the  belt  sKp  on  the  driving  pulley,  and  sets  the  driven  pulley 
and  its  shaft  in  motion  relqiively  to  the  bearing  in  which  ibs  shaft  revolves. 
This  motion  is  resisted  by  the  fnc  between  journal  and  beetring'  and  this  fric, 
in  turn,  tends •€94ially  to  make  the  bearing  revolve  with  the  journal,  and  to 
make  the  belt  slip  on  the  dnven  pulley. 

175.  The  fric  between  two  bodies  at  rest  relatively  to  eaeh  other  is  called 
static  friction,  or  fric  of  rest.  That  between  two  bodi^  in  relative  motion 
is  called  Isincftfc  frl<^ion  or  fric  of  motion. 

176«  The  ultimate  or  maximum  static  fric  between  ywo  bodies, 
as  U  and  L,  Fig-  77  (or  the  ^"eatest  fric  resistaace  which  they  are  capable 
of  exposing  to  any  diding  force  when  at  rest),  is  equal  to  a  force  (as  that  of 

♦  '*  Friction"  (meaning  rubbing)  is  a  misnomer  in  so  far  as  it  implies  that 
rubbing  must  take  place  in  order  to  produce  the  resistance.  For  we  meet 
this  resistance,  not  only  during  rubbing,  but  also  before  motion  (or  rubbing) 
takes  place.     ' '  Bresistance  of  coughnasa "  would  better  ^press  its  nature. 

t  See  foot-note  (*),  H  1. 
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the  wt  F)  which  is  just  upon  the  point  of  making  U  he0ix  to  slide  upon  L.* 
Thus  frio,  like  other  forces,  may  be  expressed  in  toeiohU,  as  in  lbs. 

177.  A  resistoe  cannot  exceed  the  force' which  it  resists. f  Therefore  if  F 
is  less  than  the  ult  static  fric  between  U  and  L,  the  frtctional  retistce  actually 
exerted  by  them  is  also  less.  When  F  is  =-  the  ult  frio  (and  U  is  therefore  on 
the  point  of  sliding)  the  actual  resistoe  is  «  the  ult  stat  fric.  If  F  exceeds 
the  ult  stat  fric,  the  excess  gives  motion  to  U. 

178.  If,  when  a  body  is  in  motion,  all  extraneous  forces  and  resistces  are 
removed  or  kept  in  equilib,  it  moves  at  a  uniform  vel.  Hence,  if  the  force,  F, 
Fig.  77,  is  just  —  the  ultimate  kinetic  fric  between  U  and  L,  their  vel  is  uni* 
form.  If  F  exceeds  this,  the  excess  aeceleratea  the  v^.  If  the  ult  kinetie 
fric  exceeds  F,  the  excess  retardM  the  vel.  Thus  the  actual  fiictioiisl 
resistce  exerted  by  two  bodies  in  relative  motion  is  ^  their  ult  kinctle 
fric  —  that  force  (as  F)  which  can  just  maintain  their  relative  v^  uniform. 

179*  Hence,  if  the  hor  surf  S  upon  which  L  rests,  could  be  made  perfectly 
f rictionless,  the  pres  of  L  against  the  lug  m  (which  would  then  always  be  -« 
the  actual  fric  r^istce  between  U  and  L)  would  also  be  «  their  uU  fric  so  long 
as  U  continued  in  motion  over  L,  and  might  therefore  be  greater  or  less  than 
or  —  F;  but  when  U  was  at  rest  the  pres  against  m  would  be  —  F,  and  less 
than  (or  at  most  just  "* )  the  ult  fric. 


Coefficient  of  Friction. 

180.  Since  no  surface  can  be  made  abaolutely  emooth,  some  separation  of 
the  two  bodies  must  in  all  cases  take  place  in  order  to  clear  such  projections 
as  exist.  Hence  the  fric  is  always  more  or  less  affected  by  the  amount  of  the 
perp  pres  which  tends  to  keep  them  together. 

181.  The  ratio  of  the  ult  fric,  in  a  given  case,  to  the  parp  pres,  is  called 
the  coefficient  of  friction  for  that  case.    Or, 


Coefficient  of  friction  — 


ultimate  friction 


and 


perpendicular  pressiu^ 
Ultimate  friction  m  perp  pres  X  coefiF  of  fric. 


Thus,  if  a  force  F,  Fie.  77,  of  10  lbs,  just  balances  the  ult  fric  between  U 
and  L,  and  if  the  wt  of  U  (the  perp  pres  in  this  case  since  the  surf  between  U 


and  L  is  hor)  is  50  tbs,  then  the  ooeff  of  fric  between  U  and  L  is  •- 
-0.2. 


lOlbe 
60tbi 


Fig.  77.  • 


Fl«.  7S. 


182.  The  coeff  Is  usually  expressed  decimally,  or  by  a  common 
fraction;  but  sometimes,  as  in  the  case  of  railroad  cars  and  engines,  in  lbs 
(of  fric)  per  ton  (of  perp  pres).     Or  by  the  "angle  of  fric"  in  degs  and  mins. 


*  We  here  neglect  the  fric  of  the  string  and  pulley,  and  assume  that  all  the 
force  of  the  wt  F  is  transmitted  by  the  string  to  U. 

t  If  a  resisting  fotce  exceeds  the  force  resisted,  the  excess  is  not  resistoe, 
Dut  motive  force. 
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183.  Angle  of  FHctlon.  la  Pig.  78,  le«  W  •i  the  wei^  of  tbe  body, 
P  «-  its  pressure  normal  to  the  plane,  and  S  —  the  component  tending  to 
slide  the  body  down  the  plane. 

When  the  angle  a  ib  such  that  the  body  is  just  on  the  point  of  sliding  down 
the  plane,  it  is  called  the  angle  of  frictioo,  or  Migle  of  repose.     The  friction 
F  and  the  sliding  foroe  8  are  then  equaL 
8       F       A 

But  p  ■■  p"  —  B  "  coeflScient  of  friction  —  tan  a.    Hence  F  —  P  tan  a 

—  W  cosin  a  .  tan  a. 

184.  FHetloBal  StoblUiy*  Lei  B,  Fig.  79^  be  the  resultant  of  aU  the 
forces  pressing  a  body  against  a  plane,  and  N  a  normal  to  the  plane.  If  the 
angle  i  between  R  and  Kexoeeds  the  angle  of  friction  (a.  Fig.  78)  between  the 
two  surfaces  in  contact,  the  body  will  slide  on  the  plane,  but  not  otherwise. 
If  i  does  not  exceed  the  angle  of  friction,  the  entire  resttltant  R  will  be  im* 
parted  to  the  plane  and  in  its  own  direction,  and  not  merely  its  normal  com- 
ponent V,  as  would  be  the  case  if  the  suif  aces  were  f  rietionlees. 


Flir-'79. 
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185.  To  find  the  coeff  of  Idneticfrlc,  allow  one  of  the  bodies,  U, 
Fig.  80,  to  slide  down  an  inclined  plane  A  C  f o|tned  of  the  other  one  and  hav- 
ing any  convenient  known  steepness  A  C  E  greater  than  the' angle  of  fric  (^ 
1^).  Note  the  vert  dist  A  E  through  which  U  descends  in  sliding  any  dist 
asACfAE  —  AC  X  sine  of  A  C  E) ;  also  its  actual  sliding  vel  in  ft  per  sec 
on  reacning  C.  Calculate  the  vert  dist  A  D  through  which  it  would  nave  to 
descend  along  the  plane  (from  A  to  B)  to  acquire  that  vel  */  tfiere  were  no  fric. 


(AD  - 


velocity^  in  ft  per  see 
twice  the  accel  g  of  grav 


-.)• 


Find  D  E  (—  A  E  —  AD),  and  the  hor  dist  £  C  corresponding  to  A  C 

(EC  -  ACX  cosineACE  -  /aCs— AB«).    Then 

DE 


Coelf  of  the  average  fric  in  sliding  from  A  to  C  • 


WC' 


because,  if  we  let  A  E  represent  the  toiaZ  sliding  force  expended  (in  accelera^ 
tion  and  in  overcoming  the  fric),  then  A  D  represents  the  portion  of  A  E  ex- 
pended on  «e4  and  D  £  that  expended  on  Jrie,  and,  since  C  E  represents  the 
pwpendicular  pressure  (f  183), 


DE 
JEC' 


friction 
prep  pres 


—  coeff. 


186.  Or,  find  sine  and  tangent  of  A  C  E;  and  the  dist  A  C  (  —  time*  in 
sees  X  ■§■  (7  *  X  sine  of  A  C  E)  through  which  U  would  slide  in  a  given  time 
if  there  were  no  frie.  Measure  the  dist  A  B  through  which  it  actuaUy  elides  in 
that  time;  and  find  BC-AC  —  AB.     Then 

coeff  of  the  average  )       .       T\r«-c«      j.       a  r>-D>^^^ 

-.    .      ....      *         A*    ^  r  "  ta°  J^CE  -  tan  ACEX-TTi 

f no  m  sliding  from  A  to  B )  AC 

because 


*  g  ^  about  32.2  ft  per  second  per  seconi 
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(is;)    aO:AB:BO   :i    AXtAPsXM 


sliding  force  emi^oyed     the  friotton,  or  the  sUding 
: :  the  total  sliding  force  :   in  giving  the  actual    :    force  required  to  baUoioe 
Telocity  the  friction. 

And,  if  A  E  is  —  the  total  sliding  force,  then  E  C  is  —  the  perpendicular  pressure, 

"  "^  R3.  —  the  coefficient  of  Mctioo  —  tangent  of  D  0 IL 

EG 
(2nd)  Owing  to  the  similarity  of  the  two  triangles,  A  B  D  and  A  0  B,  we  have 
AO:BG::A£tDfi  ::  A^:L^  t:  tangent  ACS  :  tangent  DCB. 

187.  lo  1831  to  1884,  Cton'l  Arthur  SSorln*  experlmeated  with 
pressures  not  exceeding  about  30  lbs  per  sq  iu ;  and  arrived  at  the  following 
conclusions  in  regard  to  sliding  fric  where  the  perp  pres  is  oonsiderably  less 
than  would  be  necessary  to  abrade  the  sun's  appreciably.  These  were  for  a  long 
time  generally  regarded  as  constituting  the  three  ftandamentiil  laws  of 
fric. 

1st.  The  uit  fric  between  two  bodies  is  proporUonal  to  the  total  perp  force 
wiiicb  presses  them  together ;  i  e,  the  eoeffis  Independent  vf  tne  perp 
pres  and  of  its  interuiiy  (pres  per  unit  of  surf).    Hence 

9d.  For  any  given  Mai  perp  pres,  the  eoeff  Is  independent  off  the 
area  off  snrff  in  eonta^^t. 

If  upon  a  hor  support  we  lay  a  brick,  measuHi^  8  X  4  X  2  ins.  first  upon  iU 
long  edge  (8X2  ins)  and  then  upon  its  side  (8X4  ins),  we  double  the  area  of 
contact,  while  the  total  pres  (tlie  wt  of  the  brick)  remains  the  sama^and  thus  re- 
duce the  pres  per  eg  in  by  one-balf.  Onsequently  (the  coeff  remaining  practically 
the  same)  we  have  only  half  the  frie  per  sq  m.  But  we  have  twice  as  many  sq  ins 
of  contact,  and  therefore  the  same  total  fric. 

But  if  we  can  increase  or  diminish  the  area  of  contact  wUhout  qffeotii^  the  pres 

r-  sq  in,  tUe  total  pres  will  of  course  vary  as  the  area,  und  thft  total  frlb  win  "vary 
the  same  proportion,  for  the  coeff  remains  the  same.  Thus,  ff  we  place  two 
similar  sheets  of  paper  between  the  leaves  of  a  book  (taking  care  not  to  place 
both  sheets  between  the  same  two  leaves)  and  then  squeeze  the  book  in  a  letter- 
copying  press,  it  will  require  about  twice  as  much  force  to  pull  oat  both  sheets 
as  to  pull  out  only  one  of  them. 

Sd.  Although  the  coeff  of  static  fric  between  two  bodies  is  often  much  greater 
than  their  coeff  of  kinetic  fric ;  yet  the  eoeff  off  kinetie  fl*ie  is  inde- 
p<»ndent  off  the  Tel. 

This  applies  also  (approx)  to  the  fric,  and  hence  to  the  trorA;  (in /compounds  et«) 
(if  Overcoming  frie  t-hrough  a  given  <IM;  for  then  the  work  ( ■*  lesistce  X  diit)  w 
independent  of  the  vel.  But  in  a  given  time,  the  djst  (and  consequently  the 
work  also)  of  course  varies  as  the  vel. 

188.  (a)  Some  ktnds  of  surfaces  Bp|>ear  to  Interlock  their  projections 
much  more  perfectly  when  at  rest  relatively  to  each  other,  than  when  in  even 
very  slow  motion ;  and  in  some  cases  the  degree  of  interlocking  seems  to  in- 
crease  with  time  of  contact.  Hence  there  is  oftdn  a  great  dtff  in  amount  b«*tweeil 
fric  of  rest  and  fric  of  motion.  Thus,  Gen'l  Morln  found  that  with  oak  u|M>il 
oak,  fibres  of  the  two  pieces  at  right  angles,  the  resistce  to  sliding  while  stilt  at 
rest,  and  after  being  for  "  some  time  in  contact,"  wa*  aheut  one  eighth  greMer 
than  when  the  pieces  had  a  relative  vel  of  from  1  to  5  ft  per  sec. 

(b)  But  experience  showff  that  even  very  slight  jarring  suffices  to  remove  this 
diff;  and  since  all  structures,  even  the  heaviest,  are  subject  to  occasional  Jarring, 
<as  a  bridge,  or  »  neighboring  building^  or  even  a  hill,  during  the  paasa|^  of  a 
train ;  or  a  large  ftictory  by  the  motion  of  its  machinery- ;  or  in  numberless  cases, 
by  the  action  of  the  wind)  it  is  expedient,  in  construction,  not  to  rely  on  fric  for 
stability  any  further  than  the  coeff  for  m&vina  fric  will  Justify.  When  it  is  to  be 
refirarded  a^  a  resistce,  which  we  must  provide  force  for  overcoming,  it  should  be 
taken  at  considerably  mere  than  our  tabular  statement. 

•  See  big  "  FuDdamenul  IdeM  of  MeohaDloa",  translated  bj  Jo*.  Bennttt:  D.  Appleton  4  Oa« 
New  York.  IMO. 


y  Google 


FBICnON. 


411 


IMble  of  m^vliiff  frieU«B»  of  perliMttjr  soMiotli,  elMMi,  and 
^^¥9  plMie  siurlkiees,  chiefly  fh>m  Moris. 


ICattrtala  IzpcriawBtM  with. 


Oak  on  oak  ;  an  tha  fltMra  parallel  to  the  motion 

"         ••      moTingfibrMatritbtanglMtotheotheri;andtothemotion... 

"  **      all  the  flbrea  at  right  angles  to  the  motion 

"         **      moving  flbrei  on  end ;  resting  fibres  parallel  to  the  motion 

"         east  Iron,  flbret  at  right  anglee  to  motion - 

Blm  on  oak,  fibres  all  parallel  to  motion 

Oakonelm,       •*  "  '•        

Elm  on  oak,  moTing  fibres  at  right  angles  to  the  others,  and  to  motion 

Ash  an  oak,  fibres  ^  parallel  to  motion 

FirMoak.       "    »  "  " 


Wrottght  iron  on  oak,  fibres  parallel  to  motion , 

WroQghl  iron  on  elm,     "  ••       "      ••       , 

Wrought  iron  on  cast  iron,  fibres  parallel  to  motion 

"        -'*    on  wroQi^t  Iron,  fibres  all  parallel  to  motion 

Wronghl  iron  oa  brass 

Wrought  iron  on  «ofi  limestone,  well  dressed 

••         »•     •'  hard       "  *'        ••       » 


••        "    ©r  steel  oa  hard  marble,  sawed.    By  the  writer about. . 

u         44     11    ..      t<  unoothlj  planed,  and  rubbed  maheganj.  fibres  par> 

allel  to  motion .7. ;.., 

t         4t     <i    u      •*  smoothly  planed  wh  pine 

Cast  iron  OB  oak,  fibres  parallel  to  motion 

"      "     •*  elm,     "  "       ••       »     

"      M     •«  oast  iron 

"      '«     "  brass ]  . 

Steel  on  oast  iron 

Steel  on  steel.    By  the  writer 

Steel  on  brass ....,«,,«...,..**^ 

Steel  on  polished  glass.    By  the  writer .' about.. 

"    quite  smooth,  but  not  polsked;  <m  perfec«»f  4ry  planed  wh  pbie.  Ibrei 

parallel  to  motion about. . 

*'    quite  smooth,  but  net  polished ;  on  perfbotly  di7  pianed  and  smoothed 

mahogany,  fibres  parallel  to  motion about.. 

Yellow  oopper  on  cunt  Iron 

••  ••      onoak \\]\ 

Brass  OQ  oast  iron **|[ 

"     on  wnragtttlroQ,  AbfespM^IM4«metieo....,.k .....!!!.*! 

"     on  brass. , ^ , 

"     on  perfectly  dry  planed  wh  pine,  fibres  parallel  to  motion about! . 

"      '*         **         **         "      »nd  smoothed  mahogany,  fibres  paralleito  mo- 

.  tloo about.. 

AaisheA  ttarbte OB  polished  marble.    By  the  writer ATerage........ 

"  ••       on  oommon  brick.,.. t...^ ..., ,     "      

Common  brick  on  common  brick •«      

Soft  limestone  well  dressed,  on  the  same 

Cemmoa  briek,  on  well-diiBsaed  Bpfl  limestone 

••       ••     "       *•       hard 

Oak  across  the  grain,  on  soft  limestone,  well  dreiised 

*•        hard       '•  ♦•         "      

ffard  limestone  on  hard  limestone,  both  "         " 

"  soft  "  "     "         "      ^ 

Soft         •'  "  hard         '•  •'     "         «•      

Wood  en  metal,  generally,  .3  to  .63 mean . . 

Wood,  very  smoo(A,  on  the  same,  generally,  .25  to  .5  "    .. 

Wood,    "        "        on  metal,  ••         .2   to  .82 "    .. 

Metal  on  metal,  rery  smooth,  dry       "         .15  to  .33 , "    .. 

Masonry  and  brickwork,  dry  "         .8   to  .7  "     .. 

"       ■  •*  "  with  wet  mortar about.. 

"         "  "  "     slightly  damp  mortar "     .. 

"      ondry  clay ••    .. 

•*      "  moist"    «•     .. 

Marble,  tawed ;  on  the  same ;  both  dry.    By  the  writer.* aTeragt    •'     .. 

'*  •*         "    "       "       both  damp "    ..• "         •«     ,, 

"  ••       on  perfectly  dry  planed  wh  pine.     "    ..• "         "     .. 

"  "       on  damp  planed  wh  pine "    ..• ««    ,. 

"     polished,  on  perfectly  dry  planed  wh  pine    ••    ««     .. 

White  pine,  perfretly  dry;  planed:  en  the  same;    all  the  fibres  psrallel  to 

motion about.. 

"        "      damp,  planed :  nn  the  same "    .. 


Ooairof 
Frio;  or 
Proper, 
tion  of 
Frio  to  the 
Pres. 


.48 
.33 
.34 
.19 
.37 
.48 
.2b 
.45 
.40 
.88 
.38 
.83 


.14 
.17 
.49 
.84 
.80 
.17 

.18 
.18 
.49 
M 
.U 
.15 

;S 

.15 
.11 


.18 
.19 
.83 
.22 
.18 


.34 
.18 


.64 
.84 


.65 
.47 
.74 
.51 
.33 
.4 
.55 
.45 


*  But  after  a  few  trials  the  surfaces  beoome  so  much  smoother  as  to  reduea  the  an^es  as  much  as 
from  20  to  6° ;  the  sliding  blocks  weighing  about  30  ^s  e.  <i  ^.^.^^^  by  GOOQ I «^^ 
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1S9*  Reoeot  experlmeDts,  with  much  greater  Tariatfons  of  pree  and  of 
▼el,  and  with  more  delicate  apparatus  for  detecting  slight  changes  in  the  coett 
although  giving  conflicting  results,*  show  that  tlie  tnree  laws  in  f  187 
are  far  from  correct  for  surfs  moving  at  high  vels,  and  under  great  pres;  and 
that  they  are  only  approximately  correct  for  ordinary  vels  and 
pressures ;  for  the  coeff  is  found  to  vary  both  with  the  intensity  of  the  pres  and 
with  the  vel,  as  also  with  the  temperature.*  But  in  the  cases  with  which  the 
cfvU  engineer  has  mostly  to  deal,  slight  diffs  in  the  character  of  the  surfs,  or 
even  in  the  dampness  of  the  air,  will  often  cause  much  greater  changes  of  coeff 
than  those  due  to  any  probable  changes  of  pres,  vel  and  temp;  so  that,  within 
the  limits  of  abrasion,  we  may  generuly  take  Morin's  rules  as  suf&ciently  cor- 
rect for  such  cases. 


190.    Prof.  A.  S.  Kimball,  of 

the  Worcester    (Mass)    lust    of   Industrial 
Science,  has  made  some  very  delicate  experi- 
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ments  upon  the  fric  between  surfs  of  pine 
wood.f     The  results  are    given   in   Fig  3, 
merely  to  show  how  the  coeflf  varied  with 
vel  and  pres.    Our  table  gives  a  coeflf  of  .4 
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120      110      lUO       1K>        80        70       60         60        40        »0         2U        10 
Tdoelty  oTJ^Udlns,  Im  liMke*  per  Meomd. 

Line  A  shows  coefft  at  diiT  vels  under  a  pres  of  1.68  fts  per  so  in. 
a     B  "  "  "  1.59      "         ^ 

II         Q  U  M  «i  J  gQ  «t  M 

«       D  •'  '*  **  1.61         "  " 

"     E  •*  **  •*  4.17      •*  " 

It  will  be  seen  that  at  low  vels  the  ooeff  decreased  when  the  pree  per  sq  in  was 
almost  imperceptibly  increased ;  but  this  diff  disappeared  as  the  vel  increased. 
At  vels  from  4  to  120  ins  per  sec,  the  coeff  generally  decreased  as  the  vel  in- 
creased ;  rapidly  at  first,  but  more  slowly  as  the  vel  became  greater.  This  agrees 
with  other  recent  expts.  But  at  very  low  vels  (.08  to  6  ins  per  sec)  Prof.  Kimball 
found  the  coeff  (line  £)  i-ncTtating  very  ranidly  with  the  vel. 

We  have  made  the  scale  of  coein  large  in  order  to  show  their  variations,  which 
are  so  slieht  that  they  would  otherwise  be  scarcely  perceptible.  Leas  delicate 
expts  would  have  failed  to  show  them  at  all. 

191.  (a)  In  1878  Caivt.  Doo^Ism  Chaton  and  Mr.  GeorsM  ^ITei** 
iBfflioiue,  Jr.,  made  careftal  experiments  in  Knyland  to  aeeertatn  the  elbel  «l 
firiotlon  in  connection  with  ratliwray  brakea.  t    The  friction  and  pressare  i 


•  Tbla  la  not  inrpiiiiinc  in  riew  of  the  extent  to  which  the  ooeff  !■  affected  by  the  nature  of  th« 
■nrf.  If  ^e  shape  of  the  minate  projections  is  such  that  they  flt  into  each  other  as  perfectlj  under 
■mall  presanres  a*  under  great  ones,  and  if  they  are  too  strong  to  be  broken  by  the  prewures  applied, 
the  coeff,  as  stated  in  the  Ist  law,  should  be  independent  of  the  pres.  But  if  high  pree  wedges  the 
projections  of  one  body  moreeloeely  between  those  of  the  other,  ue  ooeff  should  increase  under  such 
pres.  On  the  other  band,  if  the  higher  pres  breaks  down  the  prt^eotions  while  the  lower  ones  are 
unable  to  do  so.  the  eoeff  shonld  deorease  under  the  higher  pres.  The  pardeles  thus  broken  off  may 
either  act  as  a  lubricant  and  thus  still  further  reduce  the  fric  and  its  ooeff,  or  (if  angular  and  hard) 
aaay  incretue  it.  Change  of  area  of  contact,  under  a  given  total  prea,  may,  by  aflbodng  the  irUtntUif 
of  the  pres,  make  changen  in  the  coeff  similar  to  those  Just  mentioned. 

At  high  vels  the  roughnesses  have  not  time  to  interlock  as  perfectly  as  at  low  vels.  Hence  we 
should  expect  a  less  coeff  at  high  vels.  But  high  vel  generally  increases  the  number  of  prcdectioiia 
broken  away  ;  and  these  mav  either  increase  or  diminUb  the  coeff,  as  explained  above.  High  val 
•Aen  indiraetly  affects  it  by  increasing  the  temperature. 

t  BlUiman'R  Journal  (American  Journal  of  Science)  March  1876  and  May  1877. 

*  See  Proe,  Instn  of  Meohl  Engrs,  London,  June  and  Oct  1878  and  April  1879:  and  "  BogllNMr 
klff,"  London,  1878;  vol.  35.  pp  482,  460.  i90;  vol.  26.  pp  158, 886, 805. 
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MtoiiiAtlwny  recorded  bf  meaaf  t€  hydnvlio  imifcee.  Wifh  oMt  Iron  l»r»ke»bloek« 
and  eteel-tlred  wooden  wheele»  48^  inohee  in  diameter,  they  Ibund  eoeffldenta  aboot 
as  shown  in  Fig.  4. 

The  point!  in  lines  A,  B  and  C  show  the  arerage  brake  coeWs,  or  eoeflb  of  slid- 
ing fHc  between  the  tread  of  a  roUinff  wheel  and  the  hrake-hloek. 
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Speed  of  Car,  In  mile*  per  bour. 
Line  A  shows  brake  coeffii  obtained  immed'y  after  application  of  brake 
«     B  "  "      .         Bsecs  ••  •* 

"     C  "  "  16    "  "  " 

"    D  shows  rail  coeffii  or  coe£b  of  sliding  fric  between  the  tread  of  a  did» 
ing  or  **9kidding"  wheel  (held  fast  bj  the  brake)  and  the  rail 

(b)  From  lines  A  B  and  G  it  appears  that  Uie  brake  eoeflT  obtained  at  a 
giTen  length  of  time  after  the  application  of  the  brake  was  generally  greater 
at  low  ttaan  at  lilgli  wels.  But  where  the  tel  was  maintained  uniform 
the  brake  eoeflT  dlmlnlstaed  as  bloek  and  wheel  remained 
lonser  in  eontaet.  Thus,  lines  A  and  B  show  that  at'37|  miles  per  hour 
the  brake  ooeff  was  .154  when  the  brake  was  first  applied  (point  g\  but  fell  to 
.096  in  S  sees  (x).  Line  A  (immed'y  after  application)  snows  a  higher  brake  coelT 
(.182  at/)  at  47|  miles  than  line  B  (5  sees  after  application)  shows  at  87|  miles 
(.096  at «). 

The  diminution  of  the  rail  coeff  with  length  of  time  of  application  of  brake, 
was  scarcely  noticeable. 

(e)  When  the  brake  fric  (owing  to  the  reduction  of  vel  and  consequent  in- 
crease of  coeff)  becomes  —  the  "adhesion  "  or  static  fric  between  the  rail  and 
the  tire  of  the  rolling  wheel,  the  yel  of  rotation  rapidly  fall^  below  that  due  to 
the  vel  of  the  car ;  i  0,  tbe  wbeel  beirins  to  ^'  skid  '*  or  slide  along  the 
rail ;  and  in  from  .75  to  8  sees  the  rotation  of  the  wheel  ceases  entirely. 

(a)  The  rail  eoefl^  line  D,  is  generally  maeh  less  than  the 
brake  eoefll  lines  A,  B  and  C.  The  prea  on  tbe  rail  ( —  the  wt  on  a  wheel) 
was  about  5000  tbs  per  sq  in,  or  greatly  in  excess  of  the  limit  of  abrasion.  That 
at  the  brake  was  about  200  lbs  per  sq  in.  A  few  expts  were  made  with  brake 
blocks  having  but  ^  of  the  usual  area  of  contact,  and  therefore  3  times  the  pres 
per  Sq  in  under  a  given  total  pres.  They  failed  to  show  conclusiyely  that  this 
caused  any  marked  change  in  the  coeff. 

(e)  The  rail  eoeflT,  line  D,  like  the  brake  coeff,  increases  as  the  Tel 
diminishes ;  slowly  at  first,  but  much  more  rapidly  as  tbe  speed  becomes 
less;  untlL  at  the  moment  of  stopping,  it  is  generally  even  greater  than  the 
brake  coeff  Just  before  skidding,  with  steel  tires  on  iron  rails  at  high  vels  it  wa0 
somewhat  greater  than  on  steel  rails,  but  this  diff  disappeared  as  tbe  vel  dimin- 
ished. 

(f )  liOeomotiTes  overcome  resistces  —  from  ^  to  |  or  more  of  the  wt  on 
all  the  drivers;  i  e,  they  have  a  coeff  of  .88  or  more,  although  the  experimental 
eoeff  for  steel  on  steel  in  motion  at  low  pres,  is  only  about  .15.  But  the  cases  are 
Bo  diff  that  a  similarity  in  their  coefF^  could  hardly  be  expected.  The  great  wt, 
•ay  from  2  to  6  or  even  7  tons,  on  a  driver,  is  concentrated  on  a  surf  (where  the 
wheel  touches  the  rail)  about  2  ins  long  X  about  \  inch  wide,  or  —  say  1  sq  in. 
The  pres  per  sq  in  thus  greatly  exceeds  not  only  that  upon  which  the  tables  are 
"^        ,  bat  also  the  limit  of  abrMion.    Besides,  any  point  in  the  tread,  during 
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the  Instant  when  It  h  acting  as  the  fnlcram  for  the  steam  pres  in  the  cyl,  la 
datUmary  upon  the  rail.    Its  Itic  (miscalled  '*  adhesion  ")  is  therefore  static. 

Gapu  Ualton  found  that  tlie  CQeflT  of ''  Adhesion  "  was  independent  of 
the  vel,  and  depended  onlv  ou  the  character  of  the  turfs  in  contact.  With  « 
four-wheeled  car  having  about  5000  fi>s  load  on  each  wheel,  it  was  generally  over 
.20  on  dry  rails ;  in  some  cases  .2ft  or  ^ren  higher*  On  wet  or  greasy  rails,  with- 
out saud,  it  fell  as  low  aa  .15  in  one  case,  but  averagvd  about  .18.  Wltli  sand 
on  wet  rails  it  was  over  ^.  Sand  applied  to  dry  rails  before  starting  gave  .85 
and  even  over  .40  at  the  start,  and  an  average  of  about  .28  during  mutlon ;  bat 
sand  applied  to  dry  rails  while  the  car  was  in  motion  was  apt  to  be  blown  away 
by  the  movement  of  the  car  and  wheels. 

(fr)  Owing  to  the  constancy  of  the  coeff  of  '*  adhesion  "  under  given  conditioi^s 
of  Ure  and  rail,  the  brake  fric  necessary  to  *'skid"  the  wheels  in  any  case  was 
also  p/actically  constant  for  all  vels.  But  at  high  vels,  owing  to  the  lower  brake 
eo4^,  a  higher  brake  pre*  was  reod  to  produce  this  fixed  amount  of  brake  fiic 
The  skidding  also  reqd  a  longer  nme  than  at  low  speeds. 

192.  If  the  pres  is  sufSTclent  to  produce  abrasion  (indeed,  while  it  is 
much  less)  the  fric  often  varies  greatly,  out  no  precise  law  has  yet  been  discov- 
ered for  estimating  it.  Bennie  gives  the  following  table  of  eoeflb  Of  fHe 
of  Arw  snrfaees,  under  pressures  gradually  increased  op  w 
the  limits  of  abrasion.  It  will  be  noticed  that  in  tbis  table  tbe 
eoeflr  nr^neralljr  increases  with  tbe  iniermty  of  tbe  pres : 

Ooeflk  of  friction  of  dry  surfaces,  under  pressures  grad- 
ually increased  up  to  tbe  limits  of  abrasion.  (By  6.  Bennie,  G  E.) 


Pre*,  in  Lba. 

Wrought  Iron 

Wroqgbt  Ir^n 

Steel 

BraM 

per 

on 

on 

on 

on 

Square  loch. 

Wroogbtlron. 

Cast  Iron. 

Cast  Iron. 

Caat  Iron. 

3»2.5 

.140 

.174 

.188 

.167 

IW 

.230 

.275 

.800 

•*?5 

m 

.271 

.292 

.sas 

•*!? 

•m 

.S12 

.833 

.S47 

Ml 

448 

.378 

..H6d 

.154 

.288 

MO 

.400 

.307 

.Mi 

.ns 

672    ♦ 

.378 

.400 

.980 

700 

.434 

.284 

784 

.233 

811 

.278 

193.    (a)  RollinK  frictiony  or  that  between  the  circumf  of  a  roH^ 
ing  body  and  tne  surf  opbn  which  it  rclHs,  is  somewhat  similar  to  that  of  a 

{>inion  rolling  upon  a  rack.  In  disengaging  the  interlocking  projections,  or  hi 
ifting  the  wheel  over  an  obstacle  o,  Ffgs  5  and  6,  the  motire  force  F,  instead  of 
dragging  one  over  the  other,  as  in  Vig^«  P'  407,  acts  at  the  end  of  a  bent  lever 
F  R  w  Figs  S  and  6,  the  other  end  W  of  which  acts  in  a  direction  perp  to  the 


contHCt  surf;  and  in  practical  cases  of  rolling  frio  proper  the  leverage  R W  of 
the  resisting  wt  of  the  wheel  and  its  load  is  very  much  less,  in  proportion  to 
that  (FR)  of  the  force  F,  than  in  our  exaggerated  figs.  Hence  the  force  F  reqd 
to  rm  a  wheel  etc  is  usually  very  much  less  than  would  be  necessary  to  slide  rt 
(b)  There  are  usually  two  ways  of  applying  tbe  force  in  overcoQ»» 
faig  rolling  fric:  Ist  (Fig  6)  at  the  axi$  of  the  rolling  body;  as  the  force  of  a 

horse  is  applied  at  tbe  axle  cf  a 
wagon-wheel;  or  Ihatof  a  man  at  th0 
axle  of  a  wheel-barrow :  2d  (Fig  6)  at 
the  drcmnf;  as  when  workmen  push 
along  a  heavy  timber  laid  on  top  or 
two  or  more  rollers ;  or  as  the  ends  of 
an  iron  bridge-truss  play  backward 
and  forward  by  contraction  and  ex- 
pansion, on  top  of  metalUo  rollers  or 
balls  (p725).  In  Fig  5  we  have,  in  ad- 
dition to  the  rolling  fric  of  the  cir- 
cumf  of  the  wheel  on  its  support,  the 
sliding  fric  of  the  axle  in  its  bearing. 
In  Fig  6  we  have  only  rolling  frw, 


Kic 


but.  at  both  top  and  bottom  of  the  wheel. 

(c)  When  the  obstacles  o  are  very  small,  as  in  the  case  of  cart-wheels  os 
smooth  hard  roads,  or  of  car-wheels  on   iron   or  steel  r»llR,^thp  leverage 
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fr  B)  of  F-beeMDM.'pTMtlOBUf ,  In  Flp  8  tfa«  tadiui.  Mid  in  Fig  « tbe  JAiAi.  of  the 
wheel ;  while  that  (R  W)  of  tbe  resistce  is  verj  ftnaalh  Hence,  neglecting  axle 
fric  in  Fig  9,  the  fbree  F  reqd  to  orereome  rolling  fric  in  sach  cases  is  directly 
as  the  wt  W  of  and  on  the  wheel,  and  tsverselj  as  the  diam  of  the  wheel. 

The  f^w  expts  that  have  been  made  upon  the  coeffs  of  rolling  fric,  apart  fh}m 
axle  flric,  are  too  incomplete  to  serve  as  a  basis  for  practical  rules. 

(d)  The  fric  (or  **  adhesion '')  between  wheel  and  rail,  which  enables  a 
locomotive  to  move  itself  and  t  rain,  or  which  tends  to  make  a  car-wheel  revolve 
notwithstanding  the  pres  of  the  brake,  is  a  resistce  to  the  sliding  of  the  wheel 
on  the  rail ;  and  is  therefore  not  rolling  but  hiding  fric :  ttatic  when  the  wheels 
aither  stand  still  or  roll  perfectly  on  the  rails ;  and  kinetie  when  they  slip  or 
"  skid  ". 

104.  Tbe  fVtetlon  of  liquids  moving  in  contact  with  solid  bodies 
is  Independent  of  the  pressure,  because  the  "lifting"  of  the  particles 
of  the  fluid  over  the  projections  on  the  surf  of  the  solid  body,  is  aided  by  the 
pres  of  the  surronndinj?  particles  of  the  liquid,  which  tend  to  occupy  the  places 
of  those  lifted.  Hence  we  have,  for  liquids,  no  eoeff  of  fric  corresponding  with 
that  (=  resistce  -j-  pres)  of  solids.  The  resistce  is  believed  to  be  directly  as  the 
area  of  surf  of  contact.  Recent,  researches  indicate  that  Resistce  =  a  coeff  X 
area  of  surf  X  ^el*,  in  which  both  n  and  the  coeff  depend  upon  the  vel  And 
upon  the  character  of  the  surf:  and  that  at  low  vels  n  =  1,  but  that  at  a  certain 
"critical  "  ve!  (which  varies  with  the  ciroumstancps)  n  suddenly  becomes  =»  2, 
owiniZ  t^.  til'--  ^■■■'■.•:\^:\u-::  lib  i.r  \\i>'  -i'-:-i.i  i;.f.>  m;ii1<'  ■]  r, ,  i  n  !■■'■> 'u  t  r.■l,t^  nreddics. 
The  re^ii^iuiiCf'  of  tlnid  fric  arises  principally  i-._...i  mkj  L-_,auiri  vuixr-i.is  thus  set 
in  motion,  and  which  must  be  brought  Into  cnmpliauce  with  the  direction  of 
the  liMSM  which,  is  urgUig  the  stream  forward. 

195.  Table  •?  coefllelemte  off  aioTUiff  friction  off  iMii#«tli 
plane  ■nrfkeea«  when  hepi  perCMtty  lokbrlewted.   (Hodn.) 


Oak  on  oak.  IbrM  parallel  to  aiodoo 

' flbred  perpendicular  to  moCioii 

**  on  elm,  fibres  parallel  to  motion 

'*  on  caat  iron,  fibres  (Murallel  to  motion 

*•  on  wroaght  iron,  ••       •*        "      

Beeoh  on  oak,  fibrec  '*       '*       *•      

Klmonoak,         "  *'        "       *' 

"  on  elm,        •'  "       "        "      

•*  oaatiron,     "  "       ••       "      

Wronfht  iron  on  oak,  flbree  parallel,  greased  and  wet,  .256. 

"         "      "    *'     flbree  iwrallel  to  motion 

"         "     onelm,     "  ♦*       •'       "     

"         «    onaa«tiron,        "       "       "     

"         •*     on  wrought  iron, "       •'       **     

••         •'    en  brass,  fibres    "       *'       •*     

OMt  iron  OB  oak,  fibres  parallel  to  motion 

"     "     ••    •»       ♦'  •    greased  and  wet,  .218 

**     *•    on  elm,    "  "        "       *•    

"     **    on  east  Iron,  with  muer.  .814 

"      "     on  brass 

Copper  on  oak.  fibres  parallel  m  motion 

¥«how«o|»pef  onfMMtiiipa <.... 

B^aas  on  oast  iron 

"      on  wrought  iron 

"      on  brass  

Steel  on  cast  iron 

"    on  wrought  iron 

"    on  brass 

TsDiMd  oahida  on  oast  iron,  graased  and  rarjr  wet,  .385 

"  "      on  brass 

**  "      on  oak,  with  water,  .29 


Dry 

Olive 

Soap. 

Oil. 

.184 

.... 

.136 

:::': 

.'iw 

.13» 

.... 

.214 

.065 

.066 

.070 

.... 

.078 

.18» 

.076 

.061 

.197 

.064 

v.'.'. 

.078 

.072 

.068 

.079 

.053 

.... 

.133 

.191 

Laid* 
'  Lard.  PI  urn. 

I bago. 

I   .067 
I   .072   I 
.066   . 


.078 
.108 
.082 
.106 

.078 

.on 

.100 
.108 


.072       .068 
.066    I 
.081    I    .... 

.10s    '   .081 
.0»|       .076 
.056    ,    .... 
.159 
.241 


.001 
.666 


Thtt  lanniBhtnc  fHetton  of  the  wooden  frigate  Princeton  was  fonnd  by  a 
jommitte«  of  the  Franklin  Institute  fn  1844,  to  average  about  .007  or  one-flftsenth 
of  the  pressure  daring  the  first  .75  of  a  second  and  .022  or  one  forty>fifth  for  the 
next  4  seconds  of  her  motion,  the  slope  of  the  ways  was  1  in  13,  or  4  degrees  24 
minutes.  They  were  heavily  coated  with  tallow.  Pressure  on  thera  —  15.84  ft)B. 
per  square  inch,  or  2280  lbs.  per  square  foot.  In  the  first  .75  of  a  seceAd  the  vessel 
slid  2.5  inches;  in  the  next  4  secopds  16  feet  6.5 inches;  total  for  4.75  seconds  15.75 
feet 
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19«.   Tbe  IMctton offlabrle»ted  sarteees  ▼•lies  inrMtly  with 

the  character  of  the  sarfs  and  with  that  of  the  lubricant  and  the  manner  of  ita 
application.  If  the  lubricant  is  of  poor  quality,  and  scantily  and  unerenly  ap> 
plied  under  great  pres,  ii  mav  wear  away  in  places  and  leave  portions  of  the  dry 
surfs  in  contact.  The  conditions  then  approximate  to  those  of  unlubrieated 
surfaces.  But  if  the  best  lubricants  for  the  purpose  are  used,  and  supplied  reg- 
ularly and  in  proper  quantity,  so  as  to  keep  the  surfs  always  perfectly  separated, 
the  case  becomes  practically  one  of  liquid  friction,  and  the  resistco  is  very 
small.  Between  these  two  extremes  there  is  a  wide  range  of  variations  (see 
table,  f  197  (d)),  the  coeff  being  affected  by  the  smallest  change  in  the  condi- 
tions, w  here  any  degree  of  accuracy  is  reqd,  we  would  refer  the  reader  lo  the 
experimental  results  given  in  Prof.  Thurston's  very  exhaustive  work,*  devoted 
exclusively  to  this  intricate  subject. 

1»7.  (a)  Expts  by  Mr.  Arthur  M,  Wellington  upon  the  ttie  of 
Inbricated  |oiiriialst  gave  a  gradual  and  continuous  increase  of  coeff  as 
the  vel  of  revolution  iHminlshed  from  18  ft  per  sec  (  >&  a  car  speed  of  12  milet 
per  hour)  to  a  stop.  This  increase  was  very  slight  at  high  vels,  but  much  more 
rapid  at  low  ones  ;  as  in  Figs  3  and  4.  At  vels  from  2  to  18  ft  per  sec  the  coeff 
was  much  less  under  high  pressures  than  under  low  ones;  but  at  starting  there 
was  11  tile  d iff  iu  this  respect.  The  coeff  increased  rapidly  as  the  tempera- 
ture rose  Irom  100°  to  120°  and  150°  Fahr. 

(b)  Prof.  Thurston,  also  experimentinff  with  Inbrieated  Journals, { 
found  that  at  starring,  tlie  coeff  increased  with  increase  of  pres,  as  it  did  aJso 
when  in  motion,  if  tlie  pres  great] v  exceeded  the  max  (say  5U0  U>  600  lbs  per  sq 
in)  allowable  in  machinery.  He  also  found  that  at  high  vels  the  coeff  increatea 
very  slowly  (instead  of  continuing  to  decrease)  as  the  vel  increased. 

(e)  Prof.  Thurston  gives  the  following  approx  formnlw  for  Joamal 
Inetloii  at  ordinary  temperatnres.  pressures  and  speeds,  with  Journal  and 
bearing  in  good  cimditfon  and  well  laDricatedt 


Coeff  when  the  shaft     .  ^,  .     „.  ^^  "&    vel  in  ft  per  min 
Is  reTOlvinff      —  (-02  to  •<>»)  X  ^ ^ 


Ck>eff  for  starting  »  (.015  to  .02)  X  ^pres  in  lbs  per  sq  in. 

,  -^    vel  in  ft  per  miiT 

l^'pres  iu  Ihs  per  sq  in. 

At  pressures  of  about  200  lbs  per  aq  in : 

Temperature  of  minimum     ^- .  ^  .*^— ri — k r- 

trie ;  in  Fahr  degs  - 1«  X  |/vel  in  ft  per  mw 

Caution.  The  leTera§re,  with  which  Joarnal  fric  resists  motion,  in* 
creases  witb  the  dlam  of  the  joarnal. 

(d)  The  following  figures,  selected  fh>m  a  table  of  experimental  results  given 
by  Prof.  Thurston,  merely  show  the  extent  to  which  the  coeff  of 
Journal  fMc  is  affected  by  pres,  Tel  and  temperature;  and 

bence  the  risk  incurred  in  rigidly  applying  general  rules  to  such  cases.  In 
these  expts  the  character  of  Journal  and  bearing,  the  lubricant  and  its  method 
of  application,  remained  the  same  throughout.  Where  these  Tary,8tUl  further, 
and  much  greater,  variations  in  the  coeff  may  occur. 

Steel  Journal  in  bronse  bearing,  lubricated  with  standard 
sperm  oil. 


i 

180O 
90O 


Speed  of  rcTolution 

80  feet  per  minute  1 100  feet  per  mUiule  JSOO  ft  per  f«<nh200  ftper  « 


200   I   100   I     4 
lbs  per  sq  in 


Coeff 
.0160 
.0056 


Coeff 
.0044 
.0031 


Coeff 

.125 

.094 


200   I    100   I     4 
lbs  per  sq  in 


200      100 
lbs  per  8q  in 


Coeff ,  Coeff 
.0087  i)019 
.0040  '  .0019 


Coeff 
.0630 


Coeff 
.0053 
.0075 


Coeff 
.0037 
.0061 


200       100 
lbs  per  sq  in 


Coeff 
.0065 
.0100 


Coeff 
.0075 
.0180 


•  Friction  and  Lout  Work  In  Maoblnery  and  Mill  Work.    John  Wilej  *  Soni.  N«w  York. 
Traua  Amer  Soo  of  Civil  Engn.  New  York,  Deo.  1884. 
Joarnal  of  the  Franklin  Inatitute.  Kov.  i8il» 


FBiOTIOV. 


417 


(•)  Wliere  the  for«e  la  apylieil  flrsi  on  one  miOe  of  tlie  Jaar- 
M«l  and  then  on  the  opposite  side,  aa  in  crank  pina,  the  fric  ia  leea 
than  where  the  reaultant  prea  la  alwaya  upon  one  aide,  aa  in  fly-wheel  abafU; 
becauae  in  the  former  caae  the  oil  haa  tune  to  apread  Itaelf  alternately  upon  both 
aidea  of  the  journal. 

(f)  Friction  rOllenu  If  a  joonnl  J^  in^ 
ftead  of  revolying  on  ordinary  bearinga,  be  aup- 
ported  en  Mctton  roUan  R,  R,  the  force  requirM 
to  make  J  reToWe  will  be  reduced  in  nearly  tlw 
game  proportion  that  t^  diam  of  the  axle  o  or 
o  of  the  rollera,  ia  Ie«8  than  the  diam  of  th« 
rollera  themselvea. 

[  Mr.  Wellington  experimented  with  a  'ffteat 
hearing  on  this  principle,  inveuted  by  Mr.  A. 
Higley.  Diam  of  rollers  RR,  8  ins;  of  their 
axles  0  0  1}  ins ;  of  the  Journal  e,  ^  ihs.  Her^ 
theoretically, 

,        diam  of  axles  oo       1}  Ina 
fric  of  patent  journal  -  fric  of  8|  in  Journal  X  diam  of  rollera  RB"  TOT 

or  as  1  to  4.6.  Under  a  load  of  279  Iba  per  aq  in,  Mr.  Wellington  found  it  about 
as  1  to  4  when  starting  from  rest;  and  about  as  1  to  2  at  a  car  speed  of  10  milea 
per  hour. 

198.  (a)  Resistance  off  railroad  rollinar  stock.  This  con- 
aista  of  roU'ng  fric  between  the  treads  of  the  wheels  and  the  rails  (the  troada 
also  sometimes  slide  on  the  rails,  as  in  going  around  curves);  of  sliding  fric  be- 
tween the  journals  and  their  bearings,  and  between  the  wheel  flanges  amj  the 
rail  heads;  of  the  resistce  of  the  air;  and  of  oscillations  and  concussions,  which 
consume  motive  power  by  their  lateral  and  vert  motions,  and  also  increase  the 
wheel  and  journal  fries. 

Its  amount  depends  greatly  upon  the  condition  of  the  road-hed  and  rails  (aa 
to  ballaat,  alignment,  surf,  spaces  at  the  joints,  dryness  etc) ;  upon  that  of  the 
rolling  atock  (as  towt  carried,  kind  of  snrings  used,  kind  ana  quantity  of  lubri- 
cant, condition  and  dimensions  of  wheela  and  axkt  ete);  upon  gradea'and  curv- 
ature; upon  the  direction  and  force  of  the  wind;  and  upon  many  minor  con- 
aiderationa.    Experimenta  give  very  conflicting  results. 

(b)  During  the  summer  of  1898,  Hr.  'Wellin§rton  (experimented  with 
loaded  and  empty  bok  and  flat  freight  cars,  passenger  and  sleeping  cars,  and  at 
speeds  varying  from  0  to  35  miles  per  hour.  The  cars  were  startMl  rollinjJr  (by 
grav)  down  a  nearly  uniform  grade  of  .7  foot  per  100  feet,  or  86.6  feet  per  mile, 
and  6400  ft  long.  Their  reaistcea  were  calculated  aa  in  f  185.  "The  rails 

were  of  iron,  60  lbs  per  yd,  and  the  track  was  well  ballasted  and  in  good  line  and 
aurf,  hut  not  strictly  first  class.**  The  following  approx  figures  are  deduced 
from  Mr.  Wellington's  expta  upon  cat-s  fitted  with  ordinary  journala:* 

Car  Beslstance  In  pounds  per  ton  (2240  lbs)  off  weigrbt  off 
train,  on  atraight  and  level  track  in  good  conditioo. 


Empty  cara 

Loaded  cars 

Speed  of 

train  in 

Osdtllar 

Oscilla- 

ffiileaper 

Axle, 

tion 

• 

Axle, 

tion 

hout 

tire  and 
flange 

and 
con- 

Air 

Total 

tire  and 
flange 

and 
con- 

Air 

Total 

cuss' n 

cuss'n 

0 

14 

0 

0 

14 

18 

0 

0 

18 

10 

6 

.6 

.4 

.   7 

4 

.6 

A 

5 

20 

6 

2.7 

1.3 

10 

4 

2. 

1. 

7 

80 

6 

6.3 

2.7 

14 

•1 

4.7 

2.3 

11 

(c)  With  the  Higley  patent  antl-fHc  roller  journal,  the  resistce  to  starting  waa 
hut  about  4  lbs  per  ton. 

(d>  Al>out  midway  in  the  track  experimented  upon,  waa  a  cnrwe  of  1°  de- 
tection angle  (6730  ft  rad)  8000  ft  long,  with  its  outer  rail  elevated  3  to  4  ins 


•  Tnmiaotioni,  American  Sbeietf  of  Clrll  BniHnMra,  Feb  1879. 
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shore  the  inner  one.  The  rise  of  the  outer  rail  was  hegan  on  the  tangent,  about 
500  ft  before  reaching  the  curye.  In  the  first  600  ft  of  the  curve  the  resistce  was 
greater  than  that  encountered  Just  before  reaching  the  curre,  by  from  .6  to  2.1 
(ayerage  1.1)  lbs  per  ton.  In  the  last  600  ft  of  the  curve  this  excess  bad  diminished 
to  from  .2  to  .9  (average  .6)  lbs  per  ton.  Owing  to  the  continuance  of  the  down 
grade  on  the  curve,  the  vel  increased  as  the  train  traversed  the  curve;  but  it 
does  not  clearly  appear  whether  the  decrease  in  curve  resistoe  was  due  to  the 
increase  in  vel,  or  to  the  fact  that  the  oacillations  caused  bj  enterisg  the  curve 
gradually  ceased  as  the  train  went  on. 

(e)  Mr.  P.  H.  BadleT»  experimenting  with  his  **  dyna§rr»p]i  ***  ob- 
tained results  from  which  the  following  are  deduced: 

Vraln  Resistance  In  pounds  per  ton  (8340  lbs)  of  welgrl^^  ^ 
» Inelnolng  grirades. 


tral 


£oii 
^1 


Description  of  train 


Lnsded 
cars 


87 
26 


Empty      Weight  tons 
cars  (2240  lbs) 


626 


468 


Trip 


Toledo  to  Cleve- 
land.   96  miles 

Cleveland  to  Erie 
95.5  miles 

Erie  to  Buffklo. 
88  miles 


Average 
spewed. 

Miles  per 
hour 


20 
20 


Average 
resist- 
ance. 


8.84 
7.67 
8.89 


•«  With  the  lont;  and  heavy  trains  of  the  L.  S.  &  M.  8.  By,  of  600  to  660  tons,  It 
reqd  lebs  fuel  with  the  same  engine  to  run  trains  at  18  to  20  miles  per  hour  than 
it  did  at  10  to  12  miles  per  hour",  owing  to  the  fact  that  at  the  higher  speeds 
steam  was  used  expansively  to  a  greater  extent,  and  hence  more  economiotlly. 
199.  The  work.  In  ft-lbs,  reqd  to  owercome  trie  through 
sny  dist,  is  «=  the  fric  In  lbs  X  the  dist  in  ft.  In  order  that  a  body.started  slid- 
ing or  rolling  freely  on  a  hor  plane  and  then  left  to  itself,  may  do  tnis  work;  <e, 
mav  slide  or  roll  through  the  given  dist,  its  kinetic  energy  ( >=  its  wt  in  lbs  X  its 
vel^  in  ft  per  sec  -I-  2yt)  must  —  the  first-named  prod.  Conversely,  the  dist 
In  ft  through  which  such  a  body  will  slide  or  roll  on  a  hor  plane,  is 

its  kinetic  energy  in  ft-lhs,  at  start 

"  fric  in  lbs 

wt  of  body  in  lbs  X  Initial  vel*  in  ft  per  sec     initial  vel*  in  ft  per  sec 

*"      wt  of  body  In  lbs  X  coeff  of  fric  X2gf     ""    coeff  of  fric  X  2pt 

■tk^  *4^^  --»---■  ««  -^-  t-       <W**  *°  ^»  ^  found                  dist  in  ft 
Tne  tune  reqd,  in  sees,  is  >■  • .  .    .^ —  -  ^  .^,  . — tt — = 

^  '        mean  vel,  in  ft  per  sec     |  initial  vel  in  ft  per  sec 

Suppose  two  similar  locomotives,  A  and  B.  each  drawing  a  train  on  a  level 
straight  track ;  A  at  10  miles,  and  B  at  20  miles,  per  hour.  The  total  resistce  of 
each  eng  and  train  (which,  for  convenience,  we  suppose  to  be  independent  of 
vel)  is  1000  lbs.  Hence  the  force,  or  total  st«am  pres  in  the  two  cyls  reqd  t« 
balance  the  fric  and  thus  maintain  the  vel,  is  the  same  in  each  eng.  In  trav^ 
ing  ten  miles  this  force  does  the  same  amount  of  work  (1000  lbs  X  10  miles 
«■  10000  pound-miles)  in  each  eng,  and  with  the  same  expenditure  of  steam  in 
each ;  although  B  must  supply  steam  to  its  cyls  iuHce  as  j<ui  as  A,  in  order  to 
WMxntain  in  them  the  same  pres.  In  one  hour  the  force  in  A  does  10000  lb-miles 
ss  before,  but  that  in  B  does  (1000  lbs  X  20  miles  =)  20000  Ib-mUes,  and  with 
twice  A*s  expenditure  of  steam. 

But  in  fact  the  resistce  of  a  given  train  is  much  greater  at  higher  veto.  See 
table,  if  198  (b)  And  even  if  we  still  assumed  the  resistce  to  be  the  same  at 
both  vels,  B  must  exert  more  force  than  A  in  order  to  acquire  a  vel  of  20  miles 
per  hour  while  A  is  acquiring  10  miles  per  hour. 

•  Ao  inat  for  tnearariDg  the  itrain  on  the  draw-bar  of  a  looomotire,  or  Ute  fiww  wUch  Um  UM« 

certa  upon  the  train. 

t  #->  aeeeteraUon  of  gravity  s  lay  82.3 ;  Sf  ■>  nmj  M.4. 
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300.  Natural  Slope.  When  granular  materials,  as  sand,  earth,  grain, 
etc.,  are  deposited  loosely,  as  when  they  are  shoveled  from  a  cutting  er 
dumped  from  a  cart,  the  angle,  formed  between  a  level  plane  and  the  sloping 
surface  of  the  pile  of  material,  is  called  the  natural  slope.  This  angle  de- 
pends upon  the  friction  and  adhesion  between  the  separate  particles  of  the 
material,  and  often  varies,  in  one  and  the  same  material,  from  time  to  time, 
with  changes  in  weather  conditions,  etc.,  especially  with  dampness. 


Fly.  85. 


201.  Any  force,  p.  Fig.  85,  acting  upon  a  body.  B,  will  suffice  to  move  the 
body  (see  foot-note  (♦),  ^  1),  provided  it  exceeds  the  sum,  8,  of  all  resist- 
ances, including  friction  between  B  and  the  surface  upon  which  B  rests,  or  if 
it  forms,  with  any  other  force  or  forces,  P,  a  resultant,  R,  greskter  than  8. 

If.  before  the  application  of  p,  the  body  is  already  in  uniform  motion,  P  is 
—  8 ;  and  an^  force,  p,  however  small,  will  suffice  to  change  the  direction  of 
motion.  This  accounts  for  the  ease  with  which  a  revolving  shaft  may  be  slid 
longitudinally  in  its  bearings,  and  for  the  fact  that  a  cork  may  be  more 
easuy  drawn  if  we  first  give  it  a  twisting  motion  in  the  neck  of  the  bottle. 

LEVERS. 

202.  Classes  of  Levera.  Figs.  86.  Levers  are  classe-  according  to 
the  relative  positions  of ' '  power, "  *  "  weight "  *  and  fulcrum    a  follows : 


««    ir-nn''    fee 


a(») 


'm 


Flff.  86. 


Class  1.  Fulcrum  R  between  power  t0  and  weii^tW; 
"  2.  Weight  W  between  power  w  and  fulcrum  R; 
"      3.  Power  W  between  weight  w  and  fulcrum  R. 


In  class  2,  the  leverage  of  the  power  is  necessarily  greater  than  that  of  the 
weight.    In  class  3,  vice  versa. 

208*  In  Fig.  86,  taking  the  moments  of  the  forces  about  any  point  at 
pleasure,  as  o,  we  have,  for  equilibrium : 

Fig.  (a),  W  .  Zw  —  R  iR  +  tr  .  Zw  -  0; 
Fig.  (b),  W./w  —  Ria  —  t(;./w-0; 
Fig.  (c),   W  .  Zw  —  R  ^R  +  u> .  iw  -  0. 


♦  When  levers  are  used  for  lifting  weights  or  for  overcoming  other  resist- 
ances, the  force  applied  is  called  the  "power,"  and  the  resistance  to  be  over- 
come is  called  the  "weight."  /^  ^^^T^ 
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204.  Compound  leTen*  Fig.  87,  may  be  used  where  there  is  not  itiom 
for  the  arms  of  a  sinclo  lever  of  sumcient'lencth.     '  ^i 


neglecting  friction, 

weight 
power 


product  of  lengths  of  power  arms 
product  of  lengths  of  weight  arms 


In  a  compound  ley^, 
8  X  10  X  2       160 


2X1X4 


8 


-  20. 


The  three  levers  of  Fig.  87,  taken  separately  and  beginning  at  the  power 
end,  give: 

weight        8^        .10       ^   —         ^  • 
power    "   2  "**    1    "       '  4   "    2' 

and  4  X  10  X  i  -  20.  as  before. 


|f B >j«wl 


1       \5 


Flff.  87. 


n«.  88. 


205. 


Toothed  or  Cog  Gearing.    Wheels  and  Pinions.     Fig.  88. 

lally 


These  are  a  series  of  continuous  compound  levers.  The  power  is  usually  ap- 
plied to  a  crank,  e,  and  the  weight  is  attached  to  a  drum,  d.  The  larger 
wheel,  w,  on  a  given  shaft,  is  called  the  wheel ;  the  smaller  one^  p,  the  pinion. 
Let  c  —  the  radius  of  the  crank,  d  »  that  of  the  drum,  m  —  the  product 
of  the  radii  of  the  i)inions,  and  n  —  the  product  of  the  radii  of  the  wheels. 
Then,  neglecting  friction, 

weight        c  .n 

power        m  .  d 

Instead  of  the  several  radii,  we  may  of  course  use  the  oorr«sponding  diam- 
eters or  circumferences;  and,  as  the  teeth  are  necessarily  oi  equal  '^pitch" 
(len^h,  measured  along  the  circumference),  the  number  of  teetn  on  a  wheel 
or  pmion  is  usually  taken  instead  of  the  radius. 

When  the  ratio,  — — — ,  is  great,  the  system  is  said  to  be  of  hish  rear. 
power        o  ^  ■     • 

When  that  ratio  is  small,  we  have  low  gear. 

Compound  levers  and  gearing  are  usedfor  converting  low  into  high  veloc- 
ity, as  well  as  for  lifting  great  weights  by  means  of  small  powers.  When 
used  for  increasing  the  velocity,  the  positions  of  power  and  of  weight  are  the 
reverse  of  those  shown  in  Figs.  87  and  88. 

S06.  Whenever  the  power  and  the  weight  balance  each  other,  either 
in  a  single  lever,  or  in  a  connected  system  of  levers  or  leverages,  of  any 
kind  whatever,  then  if  we  suppose  them  to  be  put  into  motion  about  the 
fulcrum,  their  respective  velocities  will  be  in  the  same  proportion  or  ratio 
as  their  leverages ;  that  is,  if  the  leverage  of  the  power  is  2,  6,  or  50  times  as 
great  as  that  of  the  weight,  the  power  will  move  2,  5,  or  50  times  as  fast 
as  the  weight.  Therefore,  by  observing  these  velocities,  we  may  determine 
the  ratio  of  the  leverages.  The  weight  and  the  power  are  to  each  other, 
therefore,  inversely  as  their  velocities,  as  well  as  inversely  as  their  leverages. 

207.  No  mechanical  advantage  is  gained  by  merely  increasing  the  length 
of  a  lever,  as  by  curving  it,  as  at  abo.  Fig.  4,  1 13,  or  by  giving  it  an  in- 
"  xnation  to  the  line  of  action  of  the  power,  P,  as  at  o  m,  o  u  qto  n.      i 
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tM>8.  Thus,  in  Fig.  89,  representiag  a  bent  lever,  a  f  h,  the  lenath  of  the 
iaiwr,  or  of  any  of  its  members,  as  /  6,  must  not  be  confounded  with  the  arm 
or  leverage  of  the  force  acting  upon  the  lever.  These  may  or  may  not  h% 
equal.  Thus,  the  member  /  b  is  much  longer  than  the  member  /  a;  yet.  if 
the  arms,  /  a  and  /  c,  of  the  foroee  or  weights  are  equaL  the  weights  n  and  m 
must  also  be  equal  in  order  to  insure  equilibrium. 


20^.  If  the  weight  m  be  removed,  a  force  e,  or  ;  or  y,  or  d,  with  leverage 
—  &,  9*,  y*.  4*,  respectively,  may  be  applied  at  any  point,  as  6,  ta  balance  the 
moment  of  n.     Iji  any  case  this  force  must  be  such  that 

force  X  its  leverage  «  n.a  f. 
Hence, 


force  — 


n  .  af 

leverage  of  foree' 


?10.  Hence  also  the  force  required  is  leaet  when,  af  at  y,  it  is  perpejuticular 
he  len/i^h  of  the  member /6;  for  the  leverage  (which  evideijtly  cannot  ex- 
ceed f  h)  is  then  greatest.  The  force  required  increases  as  it  deviates  in 
either  direction  from  the  line  h  y  (perpendicular  to  /  6)  and  approaches  more 
nearly  to  the  direction  oifh  itself;  for  its  leverage  then  constantly  decreases. 
No  force,  however  great,  could  balance  the  moment  of  n  about  /,  if  applied 
in  the  direction  fb,OTb  f;  for  such  a  force  would  have  no  moment  about  /. 

211.  Similarly,  in  Pig.  90,  the  moment,  about  a,  of  a  load  W,  olaced  at  b, 
is  —  W.  o«,  or  the  same  as  if  it  were  placed  ate,  and  not  —  W  .«  V 


Figr.  ••• 


212.  In  Figs.  91,  also,  the  mom^its  W.  o  e  and  W.  o'  ^,  of  the  equal 
weights,  W  and  W,  are  equal.  But  if  forces,  p  and  p',  be  applied  in  direc- 
tions perpendicular  to  the  longer  beam,  o  t,  the  leverage  o  t  of  p  becomes 
about  6  times  that  (o'  fO  of  p'.  Hence  a  force,  p,  applied  at  t,  has  about  the 
same  bending  moment  as  a  parallel  force  —  6  p,  applied  at  e'.       . 
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STABIUTT. 

213.  Stability.  Figs.  92.  If  the  resultant.  R,  Fig.  (a),  of  the  force  P 
and  weight  W,  falls  beyond  the  base,  as  shown,  then  the  overturning  moment 
of  P,  Fig.  92  (6),  about  the  toe  n,  will  exceed  the  moment  of  stabiPity  of  the 
weii^ht  W  about  the  same  point,  and  the  body  will  overturn  about  n.  If  not, 
it  will  stand. 

214.  Assuming  stability  against  overturning,  the  bod^  will  slide  if  the 
horizontal  component,  A,  of  R.  Fig.  92  (a),  exceeds  the  fnctional  and  other 
resistances. 

215.  In  practice,  the  toe,  n.  or  the  ground  beneath  it,  might  yield  if  the 
stone  revolved  upon  it,  or  if  R  fell  near  n  (see  11  145,  etc  j ;  but  this  is  a 
question  of  strength  of  materials.  Cement,  clamps,  etc.,  between  the  base 
and  the  ground,  would  add  a  third  force,  and  thus  change  the  problem. 


Flff.  92. 


Wig.  9S. 


Fly.  94. 


216.  Owing  to  the  greater  leverage,  Z».  Fig.  93,  of  W  about  a,  the  moment 
of  stability  is  much  greater  about  a  than  about  b. 

217.  In  Fig.  94,  let  G  -  2  lbs.:  ^  -  lib.;  leverages  -  3.  4  and  6  ft.,  as 
shown.  Then  the  moment  of  stability  of  the  rectangular  body,  G.  against 
a  horizontal  force,  P,  is  —  3G  —  3X2  —  6  ft  .-lbs. ;  and  the  moment  of  the 
lower  triangular  body,  ^,  is  —  4(7  —  4X1  —  4  ft. -lbs. ;  so  that,  although  the 
larger  body  weighs  twice  as  much  as  the  smaller  one,  yet  its  moment  of 
stability  is  only  1.5  times  as  great. 


218.  Work  of  Overtarnlnfi;.  In  Figs.  95  (a)  and  (6),  let  the  shaded 
portion  of  each  fi|?ure  be  of  lead,  and  the  remainder  of  wood,  and  let  the 
center  ofgrayity  of  the  entire  body,  in  each  case,  be  at  G.  Then,  since  the 
weight,  W,  is  the  same  in  both  cases,  as  is  also  its  leverage  of  stability,  about 

o,  "  — ,  the  moment  of  stability,  —  —  6.W,  is  the  same  in  both  cases,  as  is 

also  the  force,  P,  required  to  balance  that  moment  when  applied  at  a  given 
elevation,  e.  As  overturning  proceeds,  the  weight,  W,  remaining  un- 
changed, the  leverage  and  moment  of  stability,  and  the  overturning  moment 
required,  decrease,  becoming   —  0  when  the  bodies    reach  the  positions 
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shown  by  the  dotted  lines.  If  the  elevation,  «,  remains  constant,  the  force, 
P,  required  for  overturning,  decreases  in  the  same  proportion  as  the  lever- 
age, etc. 

219.  But  in  order  that  the  bodies  may  be  overturned  by  the  force  of  grav- 
ity alone,  they  must  be  brought  into  the  positions  shown  by  the  dotted  fines. 
This  requires  that  the  weights  of  the  bodies  be  lifted  through  a  height  —  the 
distance,  A,  through  which  their  centers  of  gravity,  Q,  are  raised.     Hence 

work    of    overturning    —    W.A. 

Since  h  is  greater  in  Fig.  (b),  the  work  of  overturning  is  greater  in  that  case. 
In  civil  engineering  we  are  generally  concerned  with  the  amount  of  the 

force  which  will  begin  overturning,  rather  than  with  the  amount  of  vtork 

required  to  complete  the  overthrow. 

220.  Stability  against  overturning  is  of  course  affected,  and  may  be  in* 
creased,  by  forces  other  than  the  weight  of  the  body  itself.  Thus,  the 
stability  of  a  bridge  pier  is  ordinanly  increased  bv  the  weight  of  the  bridge 
itself  if  this  be  brought  upon  the  piar  ssrmmetricaUy.  Otherwiae  the  weight 
of  the  bridge  may  either  increase  or  diminish  the  stability  of  the  pier,  accord- 
ing to  circumstances. 

221.  The  coefficient  of  stability,  in  any  given  ease,  is  the  nMo  of  the 
moment  of  stability  to  the  overturning  moment.    Or, 


Coefficient  of  stability  « 


moment  of  stability 
overturning  moment* 


222.  Let  the  weight,  W,  of  ^he  stone  in  Fig.  96  be  10  lbs.,  G  its  center  of 
gravity,  and  op  —  2  feet.  Then  the  moment  of  the  height  about  o,  or  the 
moment  of  stability  about  o,  is  10  X  d  «*  20  ft.-lbs.;  and,  if  o  n  —  5  feet,  a 

force  P  —  -=-   -  4  lbs.,  will  just  hold  in  equilibrium  the  moment  of  the 

6 
weight;  so  that,  except  at  the  corner,  o,  no  presRure  will  be  exerted  upon  the 
base  o  m,  although  the  stone  remains  in  contact  with  the  base.     If  the  force 
P  exceeds  4  lbs.,  the  stone  will  begin  to  turn  about  o.     If  P  is  less  than  4  lbs., 
the  stone  wilt  exert  a  pressure  upon  the  base  o  m. 

Let  the  stone  be  supported  at  o  and  ^t  m  only.  The  leverage  of  the  sup- 
porting force  R,  at  m,  L9  *  the  length  o  niof  the  base,  —  I.  Let  P  ■-  1  and 
base  o  m  —  4.5  tt.     Then,  for  equiuhrium* 

W.o,.^— P.on — R.om  —  0; 
or.  20  ft.-lbs.  —  1  X  5  -  4.5  X  R; 


R-^~-^-3.33. 

4.5 


.  .  4  lbs*. 


In  other  words,  a  vertical  upward  force,  R,  of  3.33  . 
maintain  equilibrium. 


,  .  lbs.,  at  m.  will 


Tig.  96. 


223.  In  Fig.  97  (6),  let  g  be  the  center  of  gravity  of  the  load  W  and  the 
table,  combined,  Fig.  97  (a).  Then,  upward  reaction  of  b  —  — ~-.  Those 
of  a  and  c  may  be  similarly  found.  r^^^^T^ 
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324.  In  Fiff •  08.  let  A  be  the  horisontal  force  exerted  at  the  orown  by  the 
left-hand  half  of  the  arch,  against  the  half-aroh  shown,  and  e  its  leverage 
about  o.  Let  W  be  the  weight  of  the  half-arch  with  its  spandrel,  acting  as  a 
single  rigid  bodyt  and  I  its  leverage  about  o.    Then,  for  equiUbrium,  we  have 


A.«  -  W.l;  or^  - 


W.I 


Stability  on  Inclined   Planes. 

2ZS.  Stability  on  Inclined  Planes.  Fig.  90.  Here,  «b  hi  f  213.  if  the  re- 
sultant, R,  of  the  foree  P  and  weight  W,  falls  bevond  the  base. — t.  «.,  if  the 
overturning  moment  exceeds  the  moment  of  stability, — ^the  body  will  over- 
turn.    If  not.  it  wiU  stand* 

The  force,  P,  ia  any  given  direction,  reauired  to  prevent  overturni^  i» 
>*  the  anti-resultant,  A,  of  weight  W  and  reaction  R;  and  reaction  B  ~ 
anti-resultant  of  force  P  and  weight  W. 

226.  Neglecting  friction,  as  in  Fig.  99  (a),  R  will  be  normal  to  the  plane. 
Taking  friction  into  account.  Fig.  99  (&),  R  may  form,  with  a  normal,  N,  to 
the  plane,  an  angle,  a,  not  exceeding  the  angle  of  friction  between  the  body 
and  the  plane.   R  may  be  either  uphill  or  downhill  from  N. 

227.  In  Fig.  100,  the  body  B  has  less  stability  against  overturning  about 
its  toe,  a,  than  has  the  similar  bodv,  A,  when  the  force,  n,  tends  to  upset  it 
downhill ;  but  a  greater  stability  than  A  against  overturning  about  o  under 
the  action  of  a  force  tending  to  upset  it  uphill. 

228.  The  body  C,  which  would  upset  if  upon  a  horisontal  base,  would  be 
stable  against  overturning  if  placed  upon  an  inclined  plane,  as  at  D.  Assum- 
ing ao  ^  te,A given  upward  vertical  loroe  would  have  the  same  overturning 


Fiff.  100. 

moment,  whether  applied  at  a  or  at  c.  But  a  given  horisontal  force,  applied 
at  any  given  height,  as  at  g,  has  a  greater  leverag^e.  a  o,  when  pushing  down- 
hill than  when  pushing  uphill.     In  the  latter  case  its  leverage  is  only  g  t. 

229.  Structures  built  upon  slopes  are  liable  to  slide.  This  may  be  ob- 
viated by  cutting  the  slope  into  horizontal  steps,  as  at  d  v.  Fig.  E;  but  the 
vertical  faces  of  such  steps  break  the  bond  of  the  masonry;  and,  moreover, 
the  joints  being  more  numerous,  and  the  mortar  therefore  in  greater  quan- 
tity, on  the  deeper  side,  8  d,  than  on  the  shallower  uphill  side,  e  y,  the  struo* 
ture  is  liable  to  unequal  settlement,  the  downhill  side  settling  most  and  tend- 
ing to  split  away  from  the  uphill  portion,  as  might  be  the  case  with  a  founda- 
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tion  firm  in  some  parts  and  compressible  in  others.  Henoe,  when  circum- 
stances permit,  it  is  preferable  to  level  o£f  the  foundation,  as  at  d  v;  or,  if  the 
structure  has  to  withstand  downhillward  pressures,  v  shoidd  be  lower  than 
d,  and  the  courses  of  masonry  laid  with  a  corresponding  inclination. 

THB   COBD. 
930.  The  Cord.     Figs.  101  (a)  and  (6}  and  102  (a)  and  (&).      In  ft  230 
to  239  we  deal  with  cords  supposed  to  be  perfectly  flexible,  inextensible, 
frictionlesB,  weightless  and  infimtely  thin. 


<»>  "A-^ 


Wig.  101. 


231.  Let  P  be  the  eoctemal  force  applied  to  the  cord  at  the  knot  or  pin,  o, 
and  let  R  be  the  resultftht  of  the  stresses,  §i  and  a^,  or  o  a  and  o  b,  in  the  two 
segments,  o  m  and  o  n,  of  the  cord.  Then,  for  equilibrium,  ft  must  be  equal 
to  and  cc^inear  with  P. 

!33!3.  Knowing  th»  amount  of  P  (  —  R),  the  tensions  9i  and  «s  may  be 
found  by  means  of  K  36:  and,  vice  versa,  given  a  and  aa,  we  may  find  R 
(-P)by13$r  Or8celf40. 

233.  If,  as  in  Figs.  101  (a)  and  (6),  the  force  P  be  applied  to  the  cord,  at  o, 
by  means  of  a  fixed  knot,  incapf^ble  of  sliding  along  the  cord,  so  that  the  s^- 
ments,  o  m  and  o  n,  of  the  cord,  are  of  fixed  lengths,  and  the  an^le,  x  -\-  y, 
between  them,  of  fixed  magnitude,  t)ien  the  force  may  be  applied  in  any 
airectioQ,  as  P  or  P',  passins  between  the  two  segments  of  the  cord;  and  th« 
componeqts,  »i  and  «j,  will  be  equal  only  when  R  (P  produced)  forms  equal 
angles,  -x  and  y,  with  the  two  segments  of  the  cord.  If  the  direction  of  the 
force,  as  P",  coincides  with  either  segment,  as  o  n,  of  the  cord,  that  segment 
transmits  the  entire  force,  P'',  and  the  other  segment  none. 


FlffT.  102. 

234.  But  if,  as  in  Figs.  102  and  103,  the  force  P  be  applied  to  the  cord  by 
means  of  a  frictionless  ring,  slip-knot,  pin  or  pulley,  etc.,  then,  for  equilib- 
riumt  the  two  stresses,  «i  and  «2,  must  be  eoual.  as  must  also  the  two  angles, 
X  and  y;  and,  if  we  suppose  the  direction  of  the  force  P  to  be  changed,  as  to 
P',  the  pin  and  the  cord  will  readjust  themselves,  as  indicated  by  the  dotted 
lines  in  Fig.  103.  untU  the  pin  finally  comes  to  rest  at  that  point,  o',  where 
the  angles,  x'  and  y*,  are  equal,  and  also  the  stresses,  «i'  aiKh*/.  ^j^ 
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235,  Even  though  tlie  jnn  or  pulley  be  rigidly  fixed  to  some  extenuil  ob- 
ject, as  at  o.  Fig.  104,  yet,  if  there  is  no  friction  at  its  axle,  or  between  it 
and  the  cord,  the  components,  §i  and  ««,  will  still  be  equal,  and  their  resultant, 
R,  will  bisect  the  angle,  x  +  y,  oetween  them.  In  other  words,  the  angles^ 
X  and  Vt  will  be  equal. 


FIff.  105. 


236*  When  the  r>in  is  movable.  Figs.  102  and  103,  to  find  the  position,  o. 
Fig.  105,  which  it  will  assume.  From  the  end,  n,  of  one  of  the  segments,  o  n, 
of  the  cord,  draw  n  v  parallel  to  P.  From  the  end,  m,  of  the  other  segment, 
with  radius  '^  mo  +  on,  "  length  of  cord,  describe  an  arc,  cutting hv'ind. 
Bisect  nd'ine.  Draw  e  o  normal  tonv,  intersecting  m  d  in  o.  Then  o  is  the 
required  point. 

231.  Whether  o  be  a  fixed  knot  or  a  movable  pin  or  pulley,  it  is  always  in 
the  circumference  of  an  ellipse  whose  foci  are  at  the  ends,  m  and  n,  of  the 
cord. 


Wig.  106. 


238.  From  the  foregoing  it  follows  that,  if  o.  Fig.  106,  be  a  fixed  knot,  and 
if  the  other  pins  or  pulleys,  etc.,  are  frictionless,  the  stress  a  o,  or  «>,  will  bo 
transmitted  uniformly  throughout  the  left  segment  of  the  cord,  from  o  to  its 
end  at  m;  and  h  o,  or  »2,  throughout  the  right  segment,  from  o  to  n. 
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939.  Caution.  Note  that,  in  Fig.  107  (b),  the  stresses  in  all  the  cords  are 
twice  as  great  as  the  stresses  in  the  corresponding  cords  in  Fig.  107  (a), 
althou^  each  Fig.  shows  a  load  >»  4  suspended  from  the  pulley.  Thus,  if 
the  weight  be  that  of  a  man,  hanging  bv  tne  rope,  and  if  the  rope,  in  Fig.  (a), 
be  just  sufficiently  strong  to  hold,  it  will  break  if  he  gives  one  end  of  the  rope 
to  another  man  to  hold,  or  makes  it  fast,  as  in  Fig.  (b). 


The  Funicular  Machine* 

240.  When  the  angles,  x  and  y,  Figs.  101,  etc.,  are  very  great,  a  very  small 
force,  P,  will  balance  a  very  great  stress,  8]  or  8s,  in  the  cord.  When  ^  "  P 
—  9()°,  we  have  cos  x  ■-  cos  y  ■■  0,  and  «!  -•  «j  -•  infinity,  however  small  P 
may  be.  If  a  line,  tn  n,  joining  the  ends  of  the  cord,  is  horizontal  or  inclined, 
the  weight  of  the  cord  itself  acts  as  a  force  P.     Hence 

"There  is  no  force,  however  great,  can  stretch  a  cord,  however  fine,  into 
a  horisontal  line  that  shall  be  absolutely  straight." 

241.  The  funicular  machine  takes  advantage  of  the  fact  that,  when  the 
total  angle,  x  +  y,  between  the  two  segments  of  the  cord,  approaches  180^, 
a  small  force,  P.  may  balance  great  stresses,  »i  and  03.  Thus,  in  Fig.  108,  let 
W  represent  a  heavy  boat  (seen  in  plan)  which  is  to  be  hauled  ashore.  One 
end  of  a  rope  being  made  fast  to  the  bow  of  the  boat,  the  rope  is  passed 
around  one  smooth  post,  n,  to  another,  m,  around  which  it  is  given  one  or 
more  whole  turns ;  and  a  man  stands  at  the  end,  e,  to  take  in  the  slack ;  while 
others,  taking  hold  oi  the  rope  between  m  and  n,  pull  it,  in  the  direction  of  P, 
into  a  position  mon.  If  the  two  angles,  x  and  y,  are  equal,  the  component 
in  the  segment  o  n  exceeds  P,  so  long  as  the  an^le  x  exceeds  60°,  and  a 
pull,  equiu  to  this  component  (except  in  so  far  as  it  is  reduced  by  the  rigidity 
of  the  rope  and  by  its  friction  against  the  post  n)«  is  exerted  upon  the  boat  at 
W,  drawing  it  a  short  distance  up  the  bea^h.  The  rope  is  then  straightened 
again,  from  m  to  n,  by  taking  in  the  slack  at  e,  and  the  operation  is  repeated 
as  often  as  may  be  necessary. 


Tig,  108. 


Tig.  109. 


The    Tossle   Joint. 

243.  The  toggle  joint,  FIk.  109,  is  simply  an  inversion  of  the  funicular 
machine  with  a  nxed  knot,  the  force  P  and  the  components,  8\  and  80,  being 
pushes  or  compressions,  instead  of  pulls  or  tensions.  The  joint  being  unable 
to  move  along  the  arms,  the  force  P  may  be  applied  in  any  direction  at  pleas- 
ure, but  it  is  usually  exerted  in  a  direction  forming  approximately  equal 
anises  with  the  two  arms. 
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The  Pulley* 

343.  Figs.  110  show  the  relations  of  stresses  and  weights  in  several  ■»> 

rangements  of  fixed  and  movable  pulleys.     Thus,  in  (a),  1  lb.  baianoee 

1  lb.,  in  (6)  2  lbs.,  in  (c)  and  in  (d)  4  lbs.     In  eaeh  case,  If  the  bodies  or 

weights  be  set  in  motion,  their  velocities  are  inversely  as  their  masses.    See 

(d)  (b) (€1 


Fiir.  110. 


344.  The  simple  pulley.  Fig.  110  (a),  is  used  simply  for  oonvenieBoe  of 
changing  direction  of  stress,  for  the  forces  at  the  two  ends  of  the  oord  are 
equal;  but  in  the  compound  pulley.  Figs.  110  (6).  (c),  (d),  a  small  force  (the 
"power")/  moving  rapidly,  at  one  part  of  the  rope,  balances  a  greater  force 
(tne  "weight"),  moving  slowly,  at  another  part.  Hence,  the  compound 
pulley  is  used  for  the  purpose  of  overcoming  great  resistances  dowly,  by 
means  of  small  forces,  moving  rapidly. 

245.  To  set  such  a  system  in  motion  ♦  (t.  e.,  to  raise  the  "weight")  re- 
quires that  the  eauilibrium  be  disturbed  by  making  the  "power"  exceed  the 
stress  in  the  cord  due  to  the  "weight."  But  the  motion,  once  generated, 
will  continue  indefinitely  if  the  "  power"  is  made  sufficiently  greater  than  the 
"weight"  to  balance  the  resistances  of  friction,  etc. 

The  Loaded  Cor4  or  Chain. 

246.  In  Figs.  Ill  the  principle  of  the  cord  polygon,  ft  86.  etc..  Is  applied 
to  the  case  of  a  flexible  cord  or  chain,  sustaining  four  loads,  Pi  .  .  .  P4t 
at  fixed  points,  and  exerting  a  horizontal  t  puU,  H,  at  its  lower  end,  and  an 
inclined  pult  R.  at  its  upper  end.  The  loads.  Pi  .  .  .  Pi,  are  represented 
by  the  vertical  line.  0-4.  Fijs.  Ill  (a);  the  horizontal  pull,  H,  by  0-c;  the 
amount  and  direction  of  the  mclined  pull,  R,  at  the  upper  end  of  the  cord,  by 
4-c.  and  the  tensions  in  the  segments,  1-2,  2-3  and  3^  by  the  rays,  1-c,  2-e 
and  3-c.  respectively. 

247.  The  horizontal  tension,  H  (  —  the  horizontal  component  of  the  ten- 
sion in  each  segment),  is  uniform  throughout  the  cord;  but  the  vertical 
component  of  the  tension  in  any  segment  is  equal  to  the  sum  of  the  loads 
between  that  segment  and  the  pulley,  m.     Thus,  the  vertical  component 


♦  See  foot-note  (♦),  1 1. 
t  See  foot-note  (*).  t  249. 
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(0-2,  Fig.  a)  of  the  tension,  e-2,  in  Mgrnent  2-3,  is  »  jii  +  Pii  that  in  seg- 
ment 3-4  is  0-3  "  Pi  +  P%  +  Pit  etc. 

248.  If  all  the  loads  (indudingW)  be  increased  in  the  same  proportion,  as 
indicated  by  the  dotted  lines  in  Fig.  Ill  (a),  or  diminished  in  the  same  pro- 
portion, the  new  triangles.  </  4'  0,  etc.,  Fig.  (a),  will  be  similar  to  the  old, 
and  the  profile  of  the  cord.  Fig.  (6),  will  remain  unchanged,  although  the 
stresses  in  its  segments  will  of  course  be  increased  or  diminished  in  the  Baxae 
proportion. 

249.  In  Fig,  111  we  make  the  weight.  W,  which  is  necessarily  equal  to 
the  horizontal*  pull,  H   (see  The  0)1^  It  230,  etc.),  equal  also  to  the 


Flff.  lift. 
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sum  of  the  loads,  pi .  .  .  pt.  When  this  is  the  case,  the  cord  segment,  a-4, 
next  to  the  support,  a,  and  the  corresponding  line,  c-4,  Fig.  (a),  will  be  in- 
clined 45°  to  the  vertical. 

250*  But  if,  while  the  loads,  p\  .  .  .  Pi,  remain  unchanged,  we  raise  the 
pulley  m,  so  as  to  keep  H  horizontal,'"  we  shall  obtain  a  flatter  curve,  as  in 
Fig.  112;  and,  for  equilibrium,  H  C—  W)  must  be  made  greater  than  the 
s\im  of  pj  .  .  .  P4.  On  the  other  hand,  if  we  place  the  pulley,  m,  lower 
than  in  Fig.  Ill  (still  keeping  H  horizontal),  we  obtain  a  deeper  curve,  as  in 
Fig.  113;  and  H  (  —  W)  must  be  made  less  than  the  sum  of  pi  .  .  .  p^. 


♦  In  Figs.  Ill,  112  and  113  we  suppose  the  weight.  W,  and  the  position  of 
the  pulley,  m.  to  be  so  adjusted,  relatively  to  the  support,  a,  that  the  pull,  H, 
shall  remain  horizontal.  ^  . 
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ABCHES,  DAMSt  ETC.    THRUST  AND  BESISTAXCE  ONES. 

The  Arch. 

In  It  251  to  257  are  given  the  elements  of  the  commonly  accepted  theory 
of  the  arch.  For  practical  considerations,  see  tt  258  to  266,  and  Stone 
Bridged. 

251.  If  Figs.  Ill,  112  and  113  be  inverted,  the  cord  segments  will  repre- 
sent struts,  sustaining  compression,  as  do  the  stones  of  a  masonry  arch.  Fig. 
114. 

Thrust  Line.    Kesistance  Line. 

252.  In  the  case  of  an  arch,  Fiji;.  1 14,  assuming  *  that  the  horisontal  thrust 
H,  at  the  crown,  m,  and  the  reaction,  R,  of  the  skewback,  a,  act  at  the  center 
(or  at  some  other  definite  point)  of  crown  and  of  skewback,  respectively, 
their  amoimts.  and  the  direction  of  the  reaction,  R,  may  be  found  Dymeans 
of  the  Force  Triangle,  If  51,  or  by  Moments,  If  224.  (See  ^  257.)  We  then 
suppose  the  half -arch  and  its  spandrel  to  be  divided,  by  vertical  planes,*  Fig. 


JET  e 


FiiT.  114. 

114  (b),  into  a  number  of  segments,  as  shown;  and,  finding  the  weight  and 
the  center  of  gravity  of  each  such  segment  (see  tif  257  and  266),  we  treat 
these  segments  as  we  treated  the  loads,  pi  .  .  .  P4,  of  Figs.  Ill  to  113,  lay- 
ing them  off  from  0  to  6.  Fig.  114  (a),  ana  laying  off  0-c  horizontal  and  —  H. 
The  rays,  c-1,  c-2,  etc.,  then  give,  theoretically,*  the  directions  and  amounts 
of  the  pressures  exerted  by  the  segments,  1,  2,  etc.,  respectively. 

The  broken  line,  mde  f  .  .  .  .  a.  Fig.  114  (6).  thus  formed,  is  called  the 
thrust  line,  or  line  of  resultants.  It  corresponds  with  the  cord  polygons  of 
Figs.  HI  (6),  etc.* 

253.  .The  resistance  line  is  a  broken  line  joining  the  points  where  the 
several  resultants,  forming  the  thrust  line,  cut  the  respective  joints  between 
the  arch  stones. 

254.  When  the  iilanes,  by  which  the  arch  is  supiK>6ed  to  be  divided  into 
segments,  are  vertical,*  as  in  Fig.  114  (6),  and,  indeed,  in  most  actual 
arches,  the  thrust  and  resistance  Imes,  Fij;.  115,  practically  coincide;  but  if 
these  planes  are  far  from  vertical,  as  in  Fig.  115,  the  two  lines  separate,  the 
resistance  line  being  always  the  outer  one. 

Thus,  in  Fig.  115  (where  the  thrust  line  is  shown  solid,  and  the  resistance 
line  dotted),  noticing  where  resultant  a  cuts  joint  A,  where  resultant  h  cuts 
joint  B,  etc.,  it  will  be  seen  that  the  two  lines  practically  coincide  as  far  as  to 
joint  C,  where  they  begin  to  diverge. 


*  See  Practical  Considerations,  t?  258, 
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265.  In  IF  252  we  assumed  tbat  the  aroh  and  its  flpandrel  are  divided  into 
vertical  segments,  incapable  (except  in  the  aroh  ring)  of  exerting  other  than 
vertical  pressures.  The  theoretical  resistance  line,  thus  obtai^sd,  may, 
especially  in  deep  arches,  pass  from  the  thickness  of  the  arch  ring  in  places; 
so  that,  if  no  other  forces  were  acting,  the  arch  would  open  at  such  places; 
on  the  intrados  when  the  resistance  Tine  outs  the  extraaos,  and  vice  versa; 


Wig.  115. 

but  such  opening  is  usuallv  prevented  by  other  forces,  such  as  the  horisontal 
or  inclined  pressures  of  the  spandrels.  The  actual  resistance  line  is  thus 
confined  within  the  thickness  of  the  arch  ring.  In  general,  the  actual  resist- 
ance line.  Fig.  116,  approaches  the  extrados  at  the  crown,  and  the  intrados 
at  the  haunches,  so  that  the  arch  tends  to  sink  at  the  crown  (opening  there 
on  the  intrados),  and  to  rise  at  the  haunches  (opening  there  on  the  extrados), 
as  shown. 


Fiir-  ii«« 


256.  In  order  to  avoid  any  tendencv  of  the  joints  to  open  at  either  side, 
the  arch  should  be  so  designed  that  the  actufu  resistance  line  shall  every- 
where be  within  the  middle  third  (see  llf  145,  etc.)  of  the  depth  of  the  aroh 
ring. 

257*  In  general,  the  design  of  an  arch  is  reached  by  a  series  of  approxima- 
tions. Thus,  a  form  of  arch  and  spandrel  must  be  assumed  in  advance,  in 
order  to  find  their  common  center  of  gravity  for  the  purpose  of  determining 
the  horizontal  thrust,  H,  and  the  skewback  reaction,  R,  as  in  1  252;  and,  it 
it  is  afterward  found  necessary  to  modify  the  form  first  assumed,  in  order  to 
satisfy  the  requirements  of  t  256,  or  for  other  reasons,  we  may  have  to  re- 
compute H  and  R,  again  modifying  the  design,  and  so  on^^^^i 
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Practical  Consideratioas* 

258,  While  the  theoretical  thrust  and  resistance  lines,  based  upon  the 
foregoing  assumptions,  are  easilv  found,  much  uncertainty  exists  as  to  the 
positions  of  the  actual  thrust  and  resistance  lines  in  a  masonry  arch. 

259,  In  the  first  place,  we  do  not  know  through  what  points  in  the  crown 
and  skewback,  respectively,  the  resultants.  H  and  R,  pass. 

!360.  Again,  we  have  assumed  that  the  loads  on  the  arch,  like  those  on  the 
cord.  Figs.  Ill  to  113,  are  incapable  of  acting  otherwise  than  vertically; 
whereas  the  spandrel  walls  and  filling,  which  form  a  large  portion  of  the  load 
on  a  masonry  arch,  may  offer  resistances  acting  in  other  directions.  If  the 
loading  were  a  liquid,  like  water,  its  pressures  ui>on  the  arch  rin^  would  be 
radial,  like  those  of  the  particles  of  steam,  in  a  boiler,  upon  the  boiler  tubes; 
and  this  condition  is  probably  more  or  less  closeljr  approximated  in  the  case 
of  a  loading  of  clean  dry  sand;  and,  less  closely,  in  the  case  of  earth  filling. 
Hence,  although  the  determination  of  the  theoretical  thrust  and  resistance 
lines  in  an  arch  is  facilitated  bv  the  assumption  that  the  arch  is  correctly 
represented  by  the  inverted  cord,  the  distinction  between  the  two  cases  must 
be  borne  in  mind  when  drawing  practial  conclusions  from  the  lines  so  found. 

261.  Thus,  in  many  cases,  the  theoretical  thrust  and  resistance  lines  cut 
the  intrados  or  the  extrados  in  places,  thus  passing  entirely  out  of  the  arch 
ring;  so  that  this  would  inevitably  fall  (see  i  255),  were  it  not  for  horizontal 
or  inclined  resistances  exerted  by  the  upper  parts  of  the  abutments  through 
the  spandrel  walls  and  filling. 

262.  Hence,  in  order  to  determine  the  actual  resistance  line,  we  should 
not  only  have  to  know  through  what  points,  in  crown  and  in  skewback 
respectively,  the  resultants,  H  and  R,  pass,  but  we  should  also  have  to  ascer- 
tain and  take  into  account  the  possible  horizontal  and  inclined  resistances  of 
the  spandrel  walls  and  filling.  But,  as  this  is  ordinarily  impracticable,  we 
content  ourselves  either  with  determining  the  theoretical  thrust  and  resist- 
ance lines,  as  directed  above,  and  then  estimating,  as  well  as  may  be,  the 
resistances  of  the  spandrels,  or  with  reasoning  by  analogy  from  the  behavior 
of  actual  structures.    See  Stone  Bridges. 

263.  If  the  inverted  cord  correctly  represented  the  actual  thrust  line  in 
a  masonry  arch,  the  arch  stones,  in  elliptic  or  in  deep  segmental  arches, 
would  Have  to  be  made  inordinately  deep,  in  order  that  the  resistance  line 


should  nowhere  leave  the  middle  third  of  their  depth  (see  f  H  145,  etc.); 
and  it  might  therefore  appear  rational  to  make  the  profile  of  the  arch  corre- 
spond approximately  with  the  thrust  line,  which  usually  approaches  a  para- 


bola.    But,  owing  to  the  spandrel  resistances,  the  actual  thrust  line,  even  in 
semicircular  arches,  probably  seldom  greatly  oversteps  the  middle  third. 

264.  With  a  wall  or  a  deep  continuous  filling,  over  an  arch,  if  the  arch  were 
to  settle,  or  were  to  be  removed,  the  wall  and  the  filling  above  it  would  form 
an  arch,  as  indicated  by  the  broken  lines  in  Fig.  117;  and  only  that  portion 
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below  this  arch  would  fall  out.     Hence,  only  this  portion  can  properly  be 
regarded  as  pressing  upon  the  arch. 

265.  Neglecting  the  strength  of  the  mortar,  the  inclination  of  each  joint 
between  two  arch  stones  must  of  course  be  such  that  the  angle,  between 
the  thrust,  at  any  joint,  and  a  normal  to  that  joint,  shall  be  less  than  the 
angle  of  friction.     See  ^  •;  183,  184. 
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266.  It  ia-  often  the  case  that  the  spandrels  or  the  sj^andrd  filling  are  of 
less  spe<ufio  gravity  than  the  aroh  ring.  In  such  eases,  in  order  to  facilitate 
the  finding  of  the  lines  of  gravity  of  the  segments,  we  may,  before  dividing 
the  half-arch  and  its  spanouels  into  vertical  segments  (t  252),  consider  the 
lighter  structure  of  the  spandrels  as  being  reduced  to  an  equivalent  depth 
of  material  having  equal  specific  gravity  with  the  arch.  The  areas  of  the 
several  segments,  as  seen  in  profile,  and  as  thus  reduced,  may  then  be  taken 
as  representing  their  weights*    Thus,  in  Fig.  118,  where  ttt  represents  the 
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top  of  the  spandrels,  the  curved  line  e  e  e  represents  the  top  of  a  filling  of 
equal  weight  per  foot  run  with  the  spandrels,  but  of  equal  specific  gravity 
with  the  arch  ring.  When,  as  in  Fig.  1 19,  the  spandrels  consist  of  a  series  of 
transverse  arches,  we  may  assume  that  the  main  arch  carries  a  series  of  loads 
concentrated  at  the  piers  of  these  transverse  arches. 


Fly.  119. 

The  Slasonry  Dam* 

2S1»  A  dam  must  be  secure  against  sliding,  on  its  base  or  on  any  plane 
within  the  body  of  the  dam,  against  overtiu*ning,  and  against  crushing  of  the 
material  at  any  point  and  oonsequent  opening  of  a  seam  at  either  face  of  the 
dam. 

Z6S.  The  dam  will  be  secure  against  sliding  if  the  resultant  of  all  the  pres- 
sures, upon  any  surface,  forms,  with  a  normal  to  that  surface,  an  angle 
less  than  the  angle  of  friction  of  the  surface.  See  tt  183,  etc.  In 
practice,  the  base  of  the  dam  is  let  well  down  into  the  rock  foundation,  as 
mdicated  in  Fie.  122  (a),  and  continuity  of  jomts  is  avoided  by  making  all 
the  stones  break  joints.  The  angle  of  friction  thus  becomes,  m  efifect,  90^, 
and  sliding  cannot  occur  without  shearing  the  stones  themselves. 

269.  If  the  material  is  sufficiently  strong  to  resist  crushing,  under  the 
maximum  unit  stresses  brought  upon  it,  ancTif  the  resultant  of  all  the  forces 
acting  upon  any  section  falls  within  the  body  of  the  dam,  the  dam  will  be 
secure  against  overturning.  .  But  see  t  270. 

270.  For  a  given  total  pressure  upon  any  section,  the  maximum  unit 
pressure  in  the  section  would  be  least  when  the  resultant  out  the  middle 
point  of  the  section.  See  Center  of  Pressure,  ft  133,  etc.  It  is  generally 
unpracticable  to  secure  this;  but  the  dam  must  be  so  designed  that,  under 
the  maximum  unit  pressure,  the  given  material  shall  not  be  taxed  beyond 
its  safe  cruriiing  strength.  If  this  is  done,  and  if,  under  all  conditions,  the 
e^iter  of  pressure  is  kept  within  the  middle  third  (see  ^  150)  of  each  bori- 
sontal  aeeticm  throughout  the  dam,  there  will  be  no  tendency  to  open  on 
either  face  of  the  dam.  ^  , 
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271.  Let  Fig.  120  represent  ft  stone  block,  resting  upon  a  solid  foundfttion 
and  intended  to  sustain  the  pressure,  p,  of  quiet  water  on  one  side.  Through 
the  center  of  gravity,  a.  of  the  block,  draw  i/N  vertically,  to  represent  the 
weight,  W,  of  the  block.  Then  the  point,  s,  where  </  N  meets  the  foundation, 
is  the  center  of  pressure  for  the  block  alone,  i.  «.,  when  the  water  is  removed. 

272.  Let  h  be  the  depth  of  water  back  of  the  block,  and  let  the  block  be 
one  foot  in  length,  measured  normally  to  the  paper.  Then  the  amount,  in 
pounds, of  the  water  pressure,  against  the  vertical  back, a  6,  is  p=«62.5  AX  H  *. 
and  its  center  of  pressure  is  at  a  depth,  d  =  %h,  below  the  water  surface. 

273.  Combining  p  with  W  (%  35)  we  obtain  R  as  their  resultant,  and  r 
as  the  center  of  pressure  upon  tne  foundation  when  the  block  is  sustaining 
the  water  pressure. 

274.  Let  Fig.  121  represent  several  such  blocks  superposed.     Let 
Oi  —  cen  of  grav,  pi  —  cen  of  water  pres,  for  block  1 ; 

g^  =-    "     "      "     P2  —   "     "      ••        "      ••   blocks  1  and  2  combined; 

Oz  —  "  "  **  P8  —  "  "  "  "  "  ■**  If  2,  ftnd  3  combined, 
etc. 

Then,  finding  n  and  »\,  r^  and  aj,  rg  and  ast  etc.,  lor  joints  1-2,  2-3,  Z-A. 
etc.,  as  before,  we  nave  the  points  r\,  ro,  rs,  etc.,  in  the  resistance  line  for  full 
dam,  and  the  points  «i,  «s,  Ss,  etc.,  in  the  resistance  line  for  empty  dam. 
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275»  In  Fig.  122  (a)  the  curves,  u  u  and  d  d,  indicate  the  up-stream  and 
down-stream  limits,  respectively,  of  the  middle  third  of  the  plane  separating 
each  two  Uocks,  assuming  the  profile  with  vertical  back;  and  the  points 

ri .  .  .  .  r;  and  si 87  are  points  in  the  corresponding  resistance  lines  lor 

full  dam  and  for  empty  dam  respectively. 

276*  While  theory  would  require  the  cross-section  of  the  dam  to  tenmnate 
in  a  sharp  angle  at  the  top,  it  is,  of  course,  always  made  heavier  in  practice* 
as  indicated  in  Fig.  122  (a). 

277.  For  joint  2-3  we  may  suppose  ^at  block  2  had  at  first  be^  designed 
rectangular,  as  shown  by  dotted  line  e  a  fFig.  122  (e),  showing  biooks  1  and 
2  enlarged) ;  but  this  makes  the  center  oc  pressore.  r'.  for  the  f«l  dam,  faH 
beyond  the  middle  third  of  the  narrow  base,  a  b.  We  therefore  try  the  trape- 
Boidal  shape  cib,  with  its  wider  base,  i  &,  and  find  that,  with  this,  the  center 
of  pressure,  r^,  althou^ch  ftirther  down-stream  than  before,  falls  within  the 
middle  third  of  said  wider  base.  The  remainder  of  the  profile  is  determined 
V  similar  trials. 
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278.  Graphic  Method*  Suppose  the  eroofl-oeotion  to  be  divided,  by 
horizontal  sections,  into  numerous  blocks.  1,  %  3,  4,  etc.,  of  a  depth  approxi- 
znately  —  the  top  width  of  the  dam.  In  Fig.  122  (6),  draw  0-1,  1-2,  2-3,  3-4, 
etc.,  vertically,  to  represent,  by  scale,  the  weights  of  the  several  blocks, 
respectively,  and  0-1',  l'-2',  2'-3',  3'-4',  etc.,  horizontallv,  to  represent 
the  water  pressures  against  said  blocks  respectively;  and  draw  I'-l,  2'-2, 
3'-3,  4'-4,  etc.,  representing,  in  amount  and  in  direction,  the  total  inclined 
OTessures  upon  joints  1-2,  2-3,  3-4,  etc.,  and  upon  the  base,  respectively. 
Thus,  2'-2  represents  the  resultant  of  the  water  pressure  (see  Hyclrostatics) 
upon  blocks  1  and  2,  and  the  combined  weight  of  those  blocks.  From  the 
points,  oi,  0},  etc..  Fig.  122  (c),  where  these  two  forces  meet  in  each  case,  draw 
OiTi,  o%  rj,  etc.,  parallel  respectively  to  I'-l,  2'-2,  etc.,  Fip.  122  (6),  to  the 
corresponding  joint.  We  thus  obtain  points,  ri  .  .  .  r^,  in  the  resistance 
line  for  the  case  where  the  dam  is  filled  to  the  assumed  depth. 

The  foregoing  refers  to  the  diagram  for  a  dam  alreadv  completed  or  de- 
signed. In  designing  de  novo,  we  of  course  begin  at  the  top,  and  lav  off 
the  lines  0-1,  0-1'  and  I'-l  in  Fig.  (6)  for  the  first  block;  then  lines 
1*2,  l'-2'  and  2^-2,  for  the  second  block,  and  so  on;  making  necessary 
changes,  as  in  H  277. 


Flff.  122. 


279.  In  order  that  the  resistance  line,  ri  .  .  .  re,  for  the  full  dam,  may 
be  brought  well  within  the  middle  third,  it  may  sometimes  be  necessary  to 
adopt  a  somewhat  imwieldy  cross-section;  but,  in  view  of  the  imminent 
danger  involved  in  the  smallest  opening  on  the  up-stream  side  of  the  dam, 
(see  If  281),  it  is  well  here  to  err  on  the  safe  side. 

280«  As  this  process  is  carried  further  down,  the  angle  formed  between 
the  down-stream  face  and  the  vertical  becomes  considerable ;  and  the  middle 
third,  in  each  of  the  lower  joints,  is  thus  brought  further  down-stream. 
The  centers  of  pressure,  «i  .  .  .  •«,  for  empty  dam,  may  then  fall  beyond 
the  middle  third,  on  the  up-stream  side,  as  indicated  at  joints  5-6  and  6-7. 
To  obviate  this,  the  upstream  face  is  sometimes  given  a  curved  profile,  as 
at  mn. 
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Practical  Considerations. 

1381.  The  assumption  of  ideal  conditions  is  particularly  danger? 
ous  in  the  case  of  masonry  dams.  Thus,  anv  compression  of  the  material 
at  the  down-stream  face  may  open  seams  on  the  up-stream  face ;  and  water, 
entering  these  seams,  will  exert  a  wedge-like  action,  shifting  the  resistance 
line  further  down-stream,  thus  still  further  increasing  the  tendency  to  crush- 
ing on  the  down-stream  face  and  to  opening  on  the  up-stream  face.  Again^ 
if  any  relatively  smooth  joints  have  oeen  left,  the  water,  thus  penetrating 
into  or  under  the  dam,  increases  the  tendency  to  slide,  not  only  by  diminish- 
ing the  effective  weight  of  the  upper  portions,  but  also  by  acting  as  a  lubri- 
cant upon  the  seam  where  it  penetrates. 

It  has  been  suggested  that  failures  of  dams  may  have  been  occasioned, 
in  fi&Tt  at  least,  by  vacuiun,  formed  in  front  of  the  down-stream  face,  by  the 
action  of  the  sheet  of  water  falling  in  front  of  that  face. 

2S1i»  Theoretically,  the  deflections  of  arches,  dams  and  other  structures 
composed  of  blocks,  may  be  found  by  means  of  the  formulas  in  11 162-167 
of  Trusses;  but,  owinjg  to  uncertainty  as  to  the  values  of  the  moduli  of 
elasticity,  E,  of  building  stones  and  of  mortar,  and  to  the  relative  inaccu- 
racy of  finish  in  masonry  work,  the  formulas  are  of  but  little  practical 
value  in  such  oases. 

THE  SCBEW. 

283.  The  screw  is  a  spiral  inclined  plane.  The  foroe  (or  "power")  de- 
scribes a  spiral,  at  the  end  of  a  lever  arm,  while  the  resistance  (or  ''weight ") 
moves  along  the  axis  of  the  screw.  During  the  time  in  which  the  force 
makes  one  revolution,  the  resistance  traverses  the  ^' pitch,"  or  distance  be- 
tween the  centers  of  two  ad j  acent  threads. 

284.  Hence,  if  P  —  power^  w  =  weight,  d  «-  pitch,  I  —  lever  arm,  v  — 
rectilinear  velocity  of  weight,  and  V  —  linear  (circular)  velocity  of  power, 
are  have,  theoretically:* 

t0    ^  V    _  2irl 

F         V  d    ' 


*  Neglecting  friction,  which,  however, 'very  greatly  tnodifies  the  result. 
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FORCES    ACnXG    UPON    BEAMS    AND    TSITSSES. 


Conditions  of  Equilil^om. 

385.  In  beams  and  trusses,  for  equilibrium,  it  is  neoess*ry  and  soffioient 
that  the  resisting  forces,  exerted  by  the  material  of  the  structure,  and  the 
moments  of  those  forces,  shall  balance  the  external  or  destructive  forces  and 
their  moments.  We  here  discuss  chiefly  the  destructive  forces.  For  the 
resisting  forces,  see  Stresses,  under  Trusses,  and  Beams  or  Transverse 
Strength,  under  Strength  of  Materials. 

286«  The  destructive  forces  are  (1)  the  loads  upon  the  structure,  includ- 
ing its  own  weighty' live"  or  moving  loads,  wind,  etc.,  and  (2)  the  reactions 
of  the  supports.  We  shall  here  discuss  the  action  of  vertical  loads  only,  in- 
cluding (a)  the  dead  load,  or  the  weight  of  %ht  structuro  itself,  together  with 
the  roadway,  etc.,  and  (jb)  the  live,  moving  or  extraneous  load  of  vehicles, 
trains,  persons,  etc.  The  action  of  liorisoQJtal  loads  (wind,  oentrif u|ad  force, 
etc.)  is  governed  by  similar  laws,  and  is  discussed  under  Stresses,  in  Trusses. 

287*  Let  Fig.  123  (a)  represent  a  cantilever,  resting  upon  a  support,  &, 
and  bearing  a  load,  W,  at  its  outer  entd,  a.  The  cantilever  is  prevented  from 
turning  about  6,  by  the  tension,  T,  of  a  horieontal  ehain,  and  by  the  compres- 
sion, C^  in  a  horisontal  strut.*      Neglecting  the  weight  of  the  cantilever 


itself,  the  cantilever  is  acted  upon  by  four  external  forces,  forming  two 
couples;  one  couple  consisting  oi  two  vertical  forces — ^viz.,  the  load,  yv,  and 
the  reaction,  R',  of  the  support ;  the  other  couple  consisting  of  two  horizontal 
forces — viz.,  the  tension,  T,  near  the  top.  and  the  compression,  C,  near  the 
bottom.  Were  it  not  for  the  reaction,  R',  oi  the  support,  b.  the  load,  W, 
would  pull  the  cantikver  downward,  as  indicated  in  ^g.  123  (6). 
288.  In  Fig.  123  (a)  we  have: 

Algebraic  sum  of  vertical      forces  —  R'  —  W  —  0; 
"    "horisontal      "      -  T  —  C-- 0; 
"  "    "  moments,  about  any  point,  as  o, 


W.w    —    R'. 


+    T.t     +    C.e 


0. 


♦  In  Rgs.  123  to  127,  inclusive,  and  Figs.  132  and  133,  showing  cantilevers, 
beams  and  part  beams,  acted  upon  by  loads,  by  reactions,  by  pulls  of  chains 
and  by  pushes  of  struts,  the  arrows  denote  forces  acting  upon  the  cantilever 
or  beam  or  upon  tie  eegmente,  and  not  forces  acting  upon  tne  load,  the  sup- 
ports, or  the  connecting  chains  or  struts.  Thus,  the  tension  in  a  chain  tends 
to  draw  together  the  two  bodies  which  it  connects.  Hence,  in  these  cases,  the 
corresponding  arrows  point  toward  each  other.  On  the  other  hand,  the  com- 
pre^on  in  a  stmt  tends  to  separate  the  two  bodies  between  which  it  acts. 


Hence  its  two  arrows  point  <noay  from  each  other. 
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289.  If,  as  in  Fig.  124,  the  horizontal  forces  are  exerted  at  the  end  farthest 
from  the  support,  and  at  the  same  distance  apart  as  before,  their  amounts 
and  senses  must  remain  respectively  the  same  as  before ;  but  we  now  have 
compression,  C,  at  the  top,  and  tension,  T,  below.  Or,  if  Fig.  123  be  in- 
verted, R'  acts  as  the  load,  and  W  as  the  upward  reaftion;  and  we  have,  as 
in  Fig.  124,  compression,  C,  at  top,  and  tension,  T,  below.  Thus,  Fig.  124 
is  practically  Fig.  123  inverted. 


;S00.  The  condition  described  in  1 289,  Fig.  124,  represents  also  the  condi- 
tion in  each  segment.  A,  B,  of  a  beam,  Fif^s.  126  (a)  and  (6)  or  Figs.  120  (o^ 
and  (6),  supported  at  both  ends  and  bearmg  a  Concentrated  load,  W  4-  \t» 
Fig.  125,  or  W  +  w.  Fig.  126. 


(b)    EjIw'  lM^^ 

Vin.  125. 

291.  Suppose  the  beam.  Fig.  125  (a)  or  Fig.  126  (a),  to  be  divided 
into  two  cantilevers,  or  part  beams,  as  in  Fig.  125  (6)  or  Fig.  126  (b) ;  each 
part  sustaining,  at  its  end,  a  part  of  the  original  load.  (See  %  292.)  The 
stresses  in  the  strut  and  chain.  Figs,  (b),  take  the  place  of  stresses  in  the  ma- 
terial (situated  in  the  dotted  line)  of  the  truss  or  beam,  Figs,  (a) .  In  a  truss, 
these  forces  are  exerted  by  the  chords:  in  a  beam,  by  the  particles  or  fibers 
throughout  the  section. 


Tig    126. 


292.  If,  as  inFig.  125  (a),  the  load  is  at  the  center  of  the  span,  the  spans, 
X  and  y,  of  the  cantilevers,  Fig.  125  (6),  are  equal,  as  are  also  the  loads, 
W  -  W,  carried  by  them.  But  if,  as  in  Fig.  126  (o),  the  load,  W  +  «;,  om 
the  beam,  is  not  at  the  center  of  the  span,  the  partial  loads,  W  and  id,  sup- 
posed to  be  supported  at  the  ends  of  the  two  cantilevers,  or  part  beams,  re- 
spectively. Fig.  126  (6),  are  unequal,  and  inversely  proportional  to  their 
ievera^ses  about  their  respective  supports.  Hence,  the  moments  of  the  two 
opposite  couples  are  equal.     The  reaction  of  each  support  is  equal  to  th« 

"'gnt  carried  by  the  cantilever  resting  upton  it.  r^^^^T^ 
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End    IteaettoiiB. 
293.  In  a  cantilever,  Fig.  127,  there  is  but  one  vertical  support;  the  reac- 
tion, R',  of  that  support,  is  '-  the  sum  of  all  the  loads,  including  the  weight 
of  the  eantilever  itself;  and  the  reaction,  due  to  each  partial  load  is  *"  auoh 
partial  load.     Thus,  if  B  —  weight  of  cantilever, 
R'  -  W  +  w  +  B. 


|Q"Q"-.uJ 


yi  ttll  ^b 


Flff.  1874 


304.  The  reaction.  R',  must  not  be  oonfbunded  with  other  vertical  forces. 
Thus,  a  cantilever  is  often  supported  as  in  Fig.  128  (a).  The  couple,  com- 
posed of  two  horizontal  forces,  T  and  O,  Fig.  127,  is  then  replaced  by  a  couple 
COHicKiBed  loi  two  v«Ttieal  forces,  V  and  V,  Fie.  128  <6) ;  one  of  which,  V%  co- 
incides with  the  reastiop,  R'.  Here,  R'  +  V^  acting  upward.  i«  the  anti-< 
resultant  of  W,  to*  B  and  V,  acting  downward. 

295.  In  a  bet^m.  Fig.  129,  the  sum  of  the  two  end  reactions  is  —  the  siun 
of  all  the  loads,  includmg  the  weight  of  the  beam  itself. 

286»  The  reaction*  R,  of  the  left  support,  a,  Fig.  129,  due  to  the  load. 
W,  alone,  is  It  —  W  .  ^  (see  If  17),  and  the  reaoti<^n.  R',  of  the  right 

support,  6.  is  -  W  —  R  »-  W  .  ^.     If  the  load  is  central,  T  -4  "4 ♦  *»d 


R-R' 


W 
'  2' 


W 


Fir*  129. 


897.  Graphically,  Fig.  150,  suppose  a  eoncentrat^d  load,  W  (not  shown), 
to  be  placed  on  the  beam  at  any  i>oint,  as  c.  Draw  of  a*  and  br  6*.  vertical 
and  each  -"  W.  Join  a'  b';  also  join  a'  6',  and  draw  ff  h  verticadv  through 
«'.  Then  the  ordinate,  cf  g^io  the  upper  line,  a'  b'.  and  the  ordinate,  e'  k, 
to  the  lower  line,  of  &*,  give  the  left  and  the  right  end  reactions,  R  and  R'. 
respectively. 

1^98.  Where,  as  in  Fig.  130,  there  are  two  or  more  loads  (in  which  the 
weight  of  the  beam  may  or  mav  not  be  included),  the  reactions  due  to  each 
load  may  be  separately  obta,ined,  the  sums  of  these  reactions  giving  the  total 
reactions;  or,  the  common  center  of  gravity,  Q,  of  all  the  loads  may  first  be 
found  (see  K  If  125,  etc.).  and  then  the  reactions  found  as  for  a  sin^e  load, 
W,  Fig.  129;  the  combined  weight  of  the  loads,  whose  eenter  of  gravity  is  at 
O.  being  supposed  oonoenirat«a  there.  ^,g,  ,^^^  ^^  GoOglc 
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299.  In  a  beam,  Fii;.  131,  under  a  load,  W,  uniformly  distributed  over  any 
part  of  the  span,  let  G  be  the  center  of  gravity  of  the  load,  and  let  x  andy  be 
the  segments  of  the  span,  Z,  to  the  left  and  right  of  Q  respectively.    Then, 

negleotins  the  weight  of  the  beam,  R  -  W  y ;  and  R'  -  W  —  R  -  W  -j. 


liar.  isi. 

800«  If  the  load  is  uniformly  distributed  over  the  entire  spaa,  its  oenter 
of  srnvity  la  at  the  center  of  the  span,  and  we  haves 

Moments  and  Sheank 

801.  In  order  to  determine  what  internal  stresses  are  required,  at  any 
pomt  in  the  span,  to  maintain  equilibrium,  we  may  suppose  the  cantilever 
or  beam  to  be  cut  in  two  by  a  section,  e  e.  Fig.  132  or  Fig.  133,  at  euoh  pointy 
and  inquire  what  forces  must  be  applied,  in  the  section,  in  order  to  main- 
tain equilibrium  and  hold  in  position  the  two  segments,  £  and  F,  into  which 
the  section,  c  c,  divides  the  span,  Fig.  132,  or  that  part  of  the  span  between 
the  load  and  a  support,  Fig.  133.  The  forces,  so  ascertained,  are  evidently 
equivalent  to  those  actually  exerted,  for  the  aame  puxpoee,  by  the  materi«l 
of  the  beam  itself. 

302«  In  Figs.  132  and  133,  moments  of  loads  and  of  reactions,  or  exler- 
nal  or  bending  moments,  are  indicated  by  arrows  below  the  cantilever 
and  beam  respectively;  while  the  resisting  moments  of  the  internal  forces 
are  indicated  by  arrows  vnthin  the  body  of  the  cantilever  or  beam  respeo- 
tively. 

803.  In  the  cantileyer»  Fig.  132,  the  load,  ii^,  —  4  lbs.,  distant  6  ft. 
from  the  section,  e  e^  produces  there  a  left-hand  or  negative  moment  of  6  u^  ■■ 
6  X  4  —  24  ft.-lbs.  Hence,  for  equilibrium,  the  horizontal  strut  and 
chain,  at  c  e,  must  exert  a  right-hand  or  positive  resisting  moment  of  24 
ft.-lbs.  j  and,  being  2  ft.  apart,  they  must  exert  a  tension,  T,  and  compression, 

Ck  of  -;=  -■12  lbs.  each.    At  the  support,  moment  of  load  -■9w**9X4-« 
36  ft.-lbe.:  and  T*  -  C  -  ^  -  18  lbs. 

804.  But,  considering  only  the  forces  thus  far  discussed,  we  should  find  the 
right  segment,  F,  acted  upon,  at  ce,  by  a  left-hand  cou^e,  ■-  d  X  T-« 
dXO  —  2X12-  24  ft.-lbs.:  and,  at  the  support,  by  a  nght-hand  couple, 
-dXT'-dXC-2Xl8-36  ft.-lbs.  In  other  words,  there  would 
be  an  unbalanced  excess  of  rigfat*hand  moment,  —  36  —  24  —  3R'«8  X 
4—12  ft.-tbs.,  acting  upon  F.  F  also  receives,  at  the  support,  the  upward 
reaction,  R',  —  4  tbs.,  of  that  support.  Similarly,  the  couple,  d  X  T  — 
d  X  C,  at  6  e,  exerts,  upon  the  left  s^ment,  £,  an  apparmtly  unbalanced 
right-hand  moment  of2X  12  —  6u;  —  6X4  —  24  ft.-tbs.,  and  £  receives, 
from  the  load,  w,  a  downward  pull  —  4  lbs, 

805.  For  equilibrium,  therefore,  the  vertical  chain  at  c  e  must  ssert  a 
tension  —  S— w—  R'  —  4  lbs.,  piilling  F  downward,  and  E  upward.  The 
downward  tension,  — -S.  acting  on  F  at  c  c,  forms,  with  the  reaction.  R^  of 
the  support,  a  left-hand  couple  -3  R'  -3X4-  12  ft.-lbs.,  balanoinff 
the  excess  of  right-hand  moment  acting  upon  F;  while  the  upward  tension, 
+  S,  acting  on  E  at  e  c.  forms,  with  the  weight,  to,  a  left-hand  couple,  —  6  ts 
""^  6  X  4  —  24  ft.-tbs.,  balancing  the  excess  of  right-hand  mom.  acting  on  £. 
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306.  Similarly*  if  w  «appo0ft  ihe  oantileTer  out  through  by  a  aection  at 
any  other  point,  we  shall  find  that  a  vertical  force,  =  S  —  to  ==  R ,  acting 
upward  upon  the  left  segment  and  downward  upon  the  right  segment, 
is  required  in  order  to  maintain  equilibrium  and  to  transmit  the  load,  w, 
to  the  support,  so  that  the  two  segments  may  act  unitedly  as  a  smrfe 
cantUever.  This  force.  S,  is  called  a  shear.  See  UK  326,  etc.  Without  it. 
section  E  would  fall,  as  in  Fig.  123  (6). 

307.  In  the  beam.  Fig.  133.  the  total  load  is  16  lbs. ;  and.  its  distimoes, 
3  ft.  and  9  ft.,  from  the  left  and  from  the  right  support  respectively,  bem| 
as  1  to  3.  the  end  reactions  (KK  293,  etc.)  are  as  3  to  1;  or  R  =  lo  X* 
«=  12  lbs.;  R'  =  16  X  i  =  4  lbs.  We  therefore  regard  the  beam  as  be- 
ing cut  by  a  section  at  the  load  (as  well  as  at  c  c),  and  the  total  Joad  of 
16  lbs.  as  divided  into  two  portions ;  one,  W  =  R  =  12  Ibs^  attached  to  the 
end  segment,  M;  and  the  other,  w  =  R'  =  4  lbs.,  ""PPorted  by  the  mid- 
dle segment,  E.  Here,  as  in  F\^.  132.  segments  E  an d  F  together  form 
a  cantUever.  9  ft.  long,  loaded  with  a  weight,  w,  oi  ^  lbs.,  at  its  end;  but. 


I. 


i?!F«'.» 


ruh  u»> 


III  I  (mil' 


J 
JJ 


'O*      M        ^ 

t^l8, » 


'19 


*'C^1S 


jrs^-^ 


irmi9 1 
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fai  Fig.  133.  the  horisontal  resisting  forces,  T'  and  C,  by  whidi  the  entire 
cantilever  (£  +  F)  is  upheld,  are  exerted,  not  at  the  support,  as  in  Fig.  132. 
but  at  the  end  farthest  from  the  support. 

808.  We  have,  therefore,  in  Fig.  133  ^— at  ee. 

Bending  mcnnent,  poeitiT^e, 

A«tingonE-»2T^— 6  W-2X  18  — 6  X  4  =  36  —  24  -  12  ft.-lbs. 

Aetinaj  on  F  =  3  R'  —  3  X  4  —  12  ft.-lbs. 

Resistmg  moment,  negative.  — 2T  —  20  —  2X6  —  12  ft.-lbs.  Hence, 
T  -  C  -  6  lbs.;  and  shear.  8  -  tr  -  R'  -  4  lbs. 

309.  In  Fig.  132  or  in  Fig.  133,  considering  the  s^ipnent  extending  from 
the  load  to  eitner  support  (in  Fig.  132  there  is  but  one  such  segment),  it  will 
be  seen  that,  at  the  free  end  of  any  such  segment,  the  horizontal  stresses  are 
mora,  and  that  they  increase  uniformly  to  a  maximum  at  the  other  end  of  the 
segment.  Thus,  m  Fig.  132,  they  increase  uniformly  from  0,  at  the  loaded 
or  free  end,  to  18  lbs.,  at  the  support;  while,  in  Fig.  133,  they  increase  uni- 
formly from  0.  at  each  support,  or  free  end,  to  18  Ibf.,  atH^eJ 
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Moments  in  Cantilevers. 
310.  In  a  cantilever,  Fig.  134,  each  load  exerts,  about  any  point  between 
itself  and  the  support,  a  moment  =»  its  weight  X  the  horizontal  distance  of 
its  center  of  gravity  from  such  point ;  and  the  total  moment,  at  any  point, 
is  the  sum  of  the  moments  of  the  several  loads  about  that  point.    Thus^ 
neglecting  the  weight  of  the  cantilever  itself,  we  have: 
about  6,  moment  —  A  .  x   -\-  B  .y; 
"     c,         "        -  A  .  m  +  B  .  n; 
"     d.         ••        -  A  .  x; 
"    A,  or  any  point  beyond  A,  moment  —  0. 


Flff,  184. 


;•  1S5. 


311.  In  a  cantilever.  Fig.  135,  the  maximum  leverage  of  any  load,  W, 
is  evidently  its  distance,  i,  f!tt>m  the  support,  b.  Hence,  the  maximum  bend- 
ing moment  of  any  load  upon  a  cantilever  is  at  the  support,  and  is  ->  W.Z. 
From  this  maximum,  the  moment  diminishes  uniformly  to  zero,  at  the  load. 
See  H  309. 

31/S.  Draw  b'  m.  Fig.  135  (b),  to  represent  the  maximum  moment  by  scale, 
and  join  m  W\    Then,  for  any  point,  c, 

moment  —  ordinate  at  c'  to  line  m  W. 

31d.  In  a  cantilever,  Fig.  136  (a),  with  two  or  more  concentrated  loads, 
W  and  to,  let 

y  m,   Fiflf.  136  (6),  —  moment  of  W  at  the  support; 
6'  m',  Fig.  136  (6),  —  moment  of  to,  at  the  support. 

Then,  for  both  loads,  W  and  w,  neglecting  the  wefght^  of  the  beam, 
at  di  moment  •■  moment  of  W  alone,  —  ordinate  at  d*i 
at  c,  moment  —  sum  of  moments  of  W  and  w, 

m,  sum  of  two  ordinates,  d'  n  and  c'  n\  at  ef» 


(«) 


FiiT.  136. 


PIgr.  187. 


314.  In  a  cantilever,  Fig.  137  (a),  under  a  load,  W,  uniformly  distributed 
ever  a  length,  /,  beginning  at  the  supoort,  b.  the  maximum  moment,  at  the 

support.  6.  is  -  W  .  -ii  . 
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In  Fife.  187  (ft),  make  ^  m  «>  said  max  moment,  and  draw  e^  Mmi-^arabola 
m  k',  with  apex  at  k\  Then,  at  any  other  section,  c,  the  moment  is  repre- 
sented by  the  ordinate,  c',  of  said  parabola,  and  is  ■•  t*; .  g-,  where  to  —  the 


weight  of  that  portion  of  W  beyond  c,  and  x 
At  kt  or  at  any  point  beyond  X;,  moment  » 


>  the  length  of  that  portion. 


81ft«.  In  Fig.  136,  nei^eeting  tlM  weight  of  the  oMHild'v^r  itsi^,  lei  W  nfre- 
sent  the  weight  of  the  whole  load,  and  w,  that  of  the  shaded  portion,  eoMMi<^ 
trated  at  their  respective  centers  of  gravity,  G  and  g.    T^tn, 

about  6,  moment  ■"  W  .  x; 
"  c,  "  -  W  .  v; 
"  d,  "  "  w  .  v; 
"     k,  or  any  point  beyond  k,  moment  —  0. 


Fl«.  188.  ... 

Monuents  in  'Bemmm* 
319*  In  a  beam,  Fig.  130,  the  npwatd  reaction  of  each  abtitm^nt  exerts, 
about  any  point,  a  moment  —  reactkm  X  distance  of  support  from  6uch 
point;  but  any  load,  between  such  point  and  the  support,  exerts  a  contrary 
moment  >-  load  K  distanceoflbadfroi^is^ch  point.     7^^* 

about  c,  moment  —  R' .  «  —  "SiiJL-^z)  —  W  (y  —  a). 
At  each  support^  the  moment  is  0. 

817.  lb  a  beam.  Fig.  129^,  carrying  a  sm^  concentrated  load,  W,  the 
moment^  R'.*,  at  any  point,  c,  ia  ■•  R'«  =*  W-r . »  *»  H  (i —  z)  —  W  (y  — ^ ») 

»fa  W .  y  (/  —  *)  —  W  (y  —  z).     At  a  point,  as  c,  not  under  the  load,  the 

moment,  R's,  is  evidently  less  than  the  moment,  R'.y,  about  the  point,  o, 
under  the  load.  In  other  words,  the  maximum  moment  is  at  the  point,  o, 
under  the  load. 


Fiff*  ISO  (repeated). 


Flgr.  180. 


318.  From  the  point»  </,  Fig.  130  (6),  corresponding  to  the  point,  o,  Fig. 
(a),  where  the  load  is  applied,  erect  an  ordinate,  o'  m,  equal  by  scade  to  the 
(maximum)  moment,  «-  R' ,  y  —  R  .  x,  at  that  point.  Join  a'm  b  .  Then 
the  ordinate  to  a'n^,  or  to  m  ^,  at  any  point,  f,  d\  e',  etc..  represents  by 
scale  the  moment  at  the  corresponding  point,  c,  o,  i^,i^J?yf(i5kt*ie  span. 
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819.  When  the  kMtd,  W.  is  at  the  center  of  the  span,  A  Fig.  140,  eaeh  end 
reaction  is  —  -^ .    Hence,  the  moment,  «',  at  any  point,  «,  distant  y  from  a 


support,  as  6,  is 


W 

moment  ■"  "o  •  V* 


At  the  center  of  the  span  (i.  e^  at  the  point  under  the  ceatml  load*  W) 
we  have: 

maximum  moment,  M,  —  ^  .  -„  —  — r- . 


FiiT*  ISO  (repeated). 


liar.  140. 


In  order  that  the  maximum  moment  (at  o,  Ftg.  139)  due  to  an  eceen- 
trie  load,  W,  may  be  equal  to  the  maximum  moment  (at  center  kA  span,  0 
due  to  a  given  center  load,  C,  we  must  have 

Wf.y-C.i;  orW-ci.i-c(l);. 

390.  When  there  are  two  or  more  concentrated  loads,  e,  d,  e,  Fig.  141, 
treat  each  load  as  in  Fig.  130,  making  each  short  ordinate,  m,  m',  m".  repre- 
sent the  maximum  moment  of  its  single  load,  Cfdor^,  alone.  Make  the  long 
ordinates,  M,  M'  and  M''  —  the  sums  of  the  separate  moments,  as  measured 
at  e',  at  d',  and  at «',  respectively.  Then  the  ordinate  to  a'  M  M'  M'  &',  at 
any  point,  represents  the  total  moment  at  that  point,  due  to  the  several 
loads  combined. 


Tig.  141. 


Tig.  142. 


821.  In  a  beam,  Fig.  142,  under  a  uniform  load,  W,  covering  the  span,  A 
tbe  maximum  moment  is  at  the  center  of  the  span,  and  is 


moment  —  R. ^.-^     ■■    -rr .-^  —  -x .-r 

2         2    4  2    2         2   4 
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Mftkd  o*M,  by  seale,  —  the  maximum  moment;  and  draw  the  parabola, 
a'  M  b',  with  vertex  at  M.  Then  the  moment,  at  any  section,  as  §,  is  repre- 
sented by  the  corresponding  ordinate,  «^  to  that  parabola. 

Let  w  and  v  =  the  portions  of  W  to  the  left  and  right  of  «,  respec- 
tively.    Then,  moment  at«—  ^^j/*—  g-x*  —  -^  moment  due  to  whole 

load.  W.  concentrated  at  8*  * 

At  either  support,  moment  «  0. 

In  Fie.  131,  at  a  point,  e,  under  the  center  of  gravity  of  a  load,  W,  uni- 
formly distributed  over  a  portion,  §,  of  the  span,  neglecting  the  weight  of 
the  beam, 

moment  *»  R.« """  o"  *  T  ^   '*'•*  —  ~~8~  ™       ^^  —      f<    ' 

322.  Let  W  =  the  total  load,  whether  concentrated  or  uniform,  and  let 
I  "  the  span.    Then  the  maximum  moment,  M.  is  as  given  below: 


Cantilever. 


Supported  beam.f 


Fixed  beam.t 


Load,  W,  at  end. 
**       **    uniform. 

"  at  center. 

'*  uniform. 

*'  at  center. 

*•  uniform. 


M  at  support 


M  =  W  Z; 
M--2-. 

M     wz 

center  M  =  -7- ; 

W  I 
'*    or  support  M  =  -5— ; 

support  M  =  ^Tg-. 


323.  In  the  inclined  beam.  Fig.  143,  the  inclined  distances  may  be  used, 
instead  of  the  horizontal  distances,  in  finding  the  reactions.     Thus,  ' 


reaction  R'  -  W  . 


W. 


But.  in  finding  moments  of  vertical  forces,  we  must  of  course  use  the 
horixontal,  not  the  inelined,  distances.    Thus,  at  e,  moment  R'e;  not  RV. 


FliT.   143. 


W- 


♦  Moment  at  «   —  R'  y  — 
With  W  concentrated  at  «, 

__   X 

moment  at « «-  W  -7  y 


W 

2 


W—  V 


*        2 

'  toy  ^  W 

t  Beam  supported  at  each  end,  but  not  fixed. 
t  Beam  fixed  at  each  end. 
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,  reaction  R' 


3^<  In  curved  beams,  the  same  principles  «ppkr  as  in  straight  1 
Thus,  Fig.  144,  at «,  moment  -  W  .  Z.    Again,  m  Kg.  146  (a),  react 

—  — 7- ,  and  at  «,  moment  —  R' .  y.     Or,  as  in  Fig.  145  (6),  from  o,  where 

the  load  is  applied,  draw  o  a  and  o  h,  to  the  two  supports  respectively,  and, 
h^  means  of  the  force  parallelogram,  find  the  components,  p  and  q,  of  W. 


Then,  at  9, 


moment  ~  p  .  n. 


Tig.  144. 


Tig.  145. 


Shear. 

385.  In  the  beam,  a  h.  Fig.  146  (a),  consider  the  segments,  a  c  and  c  b,  to 
the  left  and  to  the  right  respectively  of  the  plane  n  n.  Besides  the  horizontal 
forces  actm^;  across  the  plane  n  n,  we  have  seen  (%  305)  that  we  require  also, 
for  equilibrium,  a  yertical  force,  »  the  left  end  reaction.  R,  acting  down- 
ward vpon  the  left  segment,  a  c,  and  forming  a  couple  with  K;  and,  at  the 
same  time,  acting  upward  on  the  right  segment,  e  0,  being  —  the  load,  W, 
minus  the  right  end  reaction,  R'.  This  force  is  called  the  shear,  S,  in  the 
section  n  n.  It  may  be  regarded  as  the  transmission  of  the  vertical  forces 
from  loads  to  supports  or  vice  versa. 

396.  The  two  segments,  a  e  and  e  b,  thus  tend  to  slide  vertically  past  each 
other,  the  right  s^ement,  e  h,  tending  downward,  owing  to  the  preponder- 
ance of  the  load,  W,  over  the  right  end  reaction,  R';  and  this  tendency  is 
resisted  by  the  shear,  S,  which  is  >-  the  left  end  reaction,  R.  The  same  ten- 
dency exists  imiformly  between  W  and  a,  and  is  resisted  throughout  by  a 
shear  -  S  -  R. 

327.  Between  the  load,  W.  and  the  right  support,  b,  also,  a  uniform  shear 
exists;  but  here  the  shear,  8'.  is  ■»  the  right  end  reaction,  R',  —  R  —  W; 
and,  whereas  the  shear,  S,  to  the  left  of  the  Iwkd  was  fight-heLuded  or  dockvnse 
(the  portion  to  the  right  of  Miy  section,  n  n,  reeeiymg  the  dovmward  force), 
and  is  called  positive,  or  +.  the  shear  on  the  right  dt  the  load  is  left-Yiamded  or 
counterclockwise  (the  portion  to  the  left  of  any  section  receiving  the  dotm^ 
ward  force),  and  is  called  negative,  or  — . 

328.  The  shears,  8  and  S',  to  the  left  and  to  the  right  of  the  load,  W,  are 
represented  by  the  diagrams  in  Fig.  146  (b) ;  that,  S,  on  the  left  of  the  load 
being  drawn  above  the  zero  line,  <r  b',  to  indicate  a  positive  shear,  and  vice 


329.  (k>mparing  Figs.  146,  147  and  148,  notice  that,  between  the  left  sup- 
port, a,  and  the  load,  W,  Fig.  146,  we  have  positive  shears,  S  «=  90,  Fig.  146, 
and  «  —  15.  Fig.  147;  so  that,  in  Fig.  148,  where  both  loads,  W  and  w,  are 
placed  upon  the  same  beam,  we  have,  between  a  and  W,  a  total  posiftive 
shear  of  S  4- «  >*  90  +  15  —  105.  Between  the  right  support,  0,  and  the 
load,  w.  Fig.  147,  we  have  negative  shears,  S'  —  —  30,  Fig.  146,  and  «'  — 
—  45,  Fig.  147 ;  so  that,  in  Fig.  148,  between  6  and  w,  we  have  a  total  negative 
shear  -  S'  +  «'  -  --  30  —  45  -  —  75.  But,  between  the  points  of  apfUi- 
cation  of  W  and  of  w,  we  have  8'  —  —  30,  Fig.  146,  and  «  —  +  15,  Fig.  147; 
leaving,  between  W  and  w.  Fig.  148,  «  +  ^  -  15  —  30  —  —  15.  If  the 
total  rifijht  end  reaction,  R'  -f  r*,  exceeds  w,  as  we  here  suppose,  the  shear,  at 
any  point  between  the  two  loads,  W  and  W,  Fig.  148,  is  negatiTe,  as  indi- 
cated; and  vice  versa. 
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880.  In  any  seotion,  the  shear  is  *  the  reaction  at  either  end,  minus  anjr 
loads  between  that  end  and  the  given  seotion. 

aai.  If,  as  in  Fig.  149,  the  right  end  reaetioEu  R'  +  r',  is  —  the  load,  w, 
then  the  left  end  reaction,  R  4-  r,  is  <»  the  load,  W ;  and  there  is  no  shear  at 
any  point  between  the  two  loads.  In  other  words,  if  the  beam  be  cut  by  a 
section  at  any  point  between  W  and  w,  horizontal  forces  alone  will  pre- 
serve equilibrium,  no  vertical  forces  being  required,  since  the  two  segments 
have  no  tendency  to  slide  vertically  past  each  other. 

333*  A  similar  condition  exists  in  any  section  where  the  sign  of  the  shear 
changes  from  +  to  —  or  vice  versa.  Thus,  if  the  beam  be  cut  by  a  section 
immediately  under  W,  Fig.  146  or  148,  or  imder  t&,  Fig.  147,  horisontal  forces 
equivalent  to  the  fiber  stresses  in  the  beam,  will  suffice  to  preserve  equilib- 
rium, without  a  vertical  force,  or  shear ;  there  being  no  tendency  of  toe  two 
segments  to  slide  past  each  other.  Also,  when,  as  in  Fig.  149^  under  W 
and  under  w,  the  shear  changes,  in  amount,  from  any  value,  on  one  side  of 
a  section,  to  0.  on  the  other  side,  the  shear  in  the  section  itself  is  ■>  0. 


m^ 


tg^ 


90 


(«) 


lf-30i 


(V) 


FI9.  14«. 


Ir^lS 


IS 


?-J 


4S 


r%g.  147. 


>iir.  148. 


FliT*  1^. 


333.  But  in  the  section  under  w.  Fig.  148,  where  the  shear  changes  in 
amount,  although  not  changing  sign  from  +  to  —  or  vice  versa,  there  is  a 
shear  —  the  lea§  of  the  two  shears  on  the  opposite  sides  of  the  section,  for 
this  is  the  amount  of  the  shear  transferred  through  the  section,  or  is  the 
tendency  of  either  segment  to  slide  past  the  other. 

334.  With  any  number  of  loads,  if  that  portion  of  the  total  load  to  the 
left  of  any  seotion  be  called  X,  and  that  portion  to  the  right  of  the  same  sec- 
tion be  called  Y,  it  will  be  found  that  the  ^lear  in  the  section  is  equal  to  the 
difference  between  that  part  of  X  which  goes  to  the  right  support,  6,  and  that 
part  of  Y  which  goes  to  the  left  support,  a. 

335.  "With  a  load.  W,  Fig.  150  (a),  uniformly  distributed  over  the  entire 

W 
span,  the  maximum  j^ar,  —  R  —  R'  —  ■^,  is  at  each  support,  a  and  h. 

The  minimum  shear,  =  0,  is  at  the  center,  c,  of  the  span,  which  is  also  the 
I>oint  oi  ^ftymiiT^  li^ending  moment,  see  If  321  and  Fig.  142.     At  any  point. 
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d,  the  shear  is  given  by  the  corresponding  ordinate,  d',  Fig.  160  (6). 
Relation  between  Moment  and  Shear,  f  1  359,  etc. 

336.  With  a  load,  W,  uniformly  distributed  over  any  part,  y,  of  the 
Fig.  151  (a),  find  the  end  reactions,  R  and  R',  as  in  H  299.     Then 
between  a  and  d,  shear  —  S   ««  R : 
e  and  6.     "      -  S'  -  R'; 
at  c,  *•      -  0. 

R      _      ..      „      ..  R' 


See 


X  —  d«  —  1/ . 


W 


a  —  1/  —  X  "  ce  '^  y 


'W 


Fiff.  152. 


FliT*  193. 


837.  When  the  loaded  portion,  y,  of  the  span,  begins  at  one  of  the  sup* 
ports,  b,  Fig.  152  (a),  then  since  R  —  W-^  —  ^~2V  ^®  ^^® 

^2Z  1/         i/« 

Z  "  dc  '=^  V  . —  t/  -=—  —  1/  -=-7  »  -r-rr» 


y- 


R 

W  "^  W  ^21  21 
338.  When  a  concentrated  load,  W,  Fig.  153,  is  added  to  a  load  uniformly 
distributed  over  the  entire  span,  or  over  a  part  of  it,  each  load  produces  the 
same  shears  as  if  it  alone  were  upon  the  span.  Those  due  to  W  are  repre- 
sented in  Fig.  153  (6),  while  those  due  to  the  uniform  load  are  represented 
in  Fig.  153  (c).  The  resultant  shear,  due  to  both  loads  combined,  is  repre- 
sented in  Fig.  153  (<f).  Note  that,  between  v  and  r,  the  addition  of  W,  with 
its  positive  shear,  red^icea  the  negative  shear  due  to  the  uniform  load,  and 
that,  between  r  and  z,  the  addition  of  W  reverses  the  negative  shear;  also 
that  it  shifts  the  zero  point  from  z  to  r. 
For  Continuous  Beams,  see  Beams,  under  Strength  of  Materiala. 
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Influence  Diagrams. 

339.  The  end  reactions,  dAe  to  a  given  load,  and  consequently  the 
moments,  shears  and  stresses,  produced,  at  any  given  point  in  a  span,  by 
such  load,  vary  as  the  position  of  the  load,  relatively  to  the  supports,  is 
changed.  A  diagram.  Figs.  154  (6^,  155  (6),  156  (b),  showing  the  changes 
thus  produced  at  any  given  point,  is  called  an  influence  diagram,  or  influ- 
ence line.* 

Influence  Diagram  for  Moments. 

340.  Thus,  in  Fig.  154  (b),  a'Mb'  is  the  moment  influence  diagram  for  the 
point,  c,  under  a  single  concentrated  load,  W.f 


FliT.  154. 


341.  In  Fig.  154,  let  Z  be  the  span,  x  the  variable  distance  of  the  load,  W,t 
from  the  right  support,  b,  and  y  the  constant  distance,  a  c,  of  a  given  point, 
c,  from  the  left  support,  a.  Then,  for  any  position  of  W,  the  left  end  reac- 
tion, R,  is  —  W  .  -T ;  and  the  moment  of  that  reaction  about  c,  —  R .  y. 


-w.f. 

C  is  R' 


The  right  end  reaction  is  R'  -■  W  — j— ,  and  its  moment,  about 


a  — 1/)  ^Vf^—j^H—yV 


w.|. 


So  long  as  W  is  between  b  and  e,  the  moment  ate  is  —  R  .  y  —  W.y.y. 

342.  Since  W,  y  and  I  are  constant,  the  moment,  at  c,  while  W  is  between 
b  and  e,  is  proportional  to  the  variable  distance,  x,  of  the  load  from  b.  It 
therefore  increases  uniformly,  from  0,  when  W  is  at  b,  to  its  maximum  value, 
M,  when  W  is  at  c.  See  %  317.  Hence,  if  the  ordinate,  c'  M,  be  made 
equal,  by  scale,  to  the  maximum  moment,  M,  then  the  moment,  at  c,  for  any 
position,  d,  e  or  /,  of  W,  between  e  and  b,  is  given  by  the  corresponding  ordi- 
nate, d',  «'  or  r,  to  the  line  b'  M.  Similarlv,  the  moments,  at  c,  for  any 
positions  of  W  between  c  and  a,  are  given  by  the  ordinates  to  the  line  a'  M. 

343.  For  the  moment,  at  c,  for  any  number  of  loads,  in  any  positions,  find 
the  moment,  at  c,  for  eaeh  locul  separately,  as  above,  and  take  their  sum. 

344.  It  is  customary  to  oonstruct  the  moment  influence  diagram  for  the 
moments  of  a  load,  W,  —  unity  (1  ton,  1  pound,  1  thousand  kilograms,  etc.). 
Each  ordinate  must  then  be  multiplied  by  its  corresponding  loa^,  measured 
in  the  corresponding  unit,  in  order  to  obtam  the  required  moment. 

345.  When  W  is  at  the  point,  c,  we  have  a;  —  i  —  y.  Hence,  ordinate, 
c'  M,  ■■  maximum  moment,  —  W  .    "7     .  y;  or,  if  W  —  1,  c'  M  —  —7-^ 


The  area  of  the  diagram,  aHAV,  is  —  -^.c^  M  - .—  .  — p 


•  y. 
(X  —  y)y 
2 


♦  See  "Calculation  of  the  Stresses  in  Bridges  for  Actual  Concentrated 
Loads,"  by  Prof.  Geo.  F.  Swain,  "Trans.  Am.  Soc.  C.  E.,"  vol.  xvii,  July, 
1887. 

t  Inasmuch  as  the  load,  in  this  discussion,  occupies  different  positions  at 
different  times,  it  is  not  shown  in  Fig.  154.  r^  \ 
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346.  If  a  load,  ■■  1,  be  distributed  over  a  length,  —  1,  at  e.  Fig.  155  (a), 
the  resulting  moment,  at  e,  may  be  represented  by  the  area  of  the  rectangle 
standing  on  </,  Fig.  (6),  the  height  of  said  rectangle  being  the  ordinate,  c' M, 
and  its  length  »  1.  Similarly,  the  moment,  at  e,  due  to  a  uniformly  dis- 
tributed load,  «  /,  of  1  per  unit  length.  Fig.  (a),  may  be  represented  by  the 
sum  of  the  areas  of  the  rectangles  between  e'  and  /',  Fig.  (6)j  and,  if  we  sup- 
pose the  load,  e  f,  Fig.  (a),  of  1  per  unit  length,  to  be  divided  into  a  very 
large  number  of  very  narrow  vertical  strips,  the  resulting  moment,  at  c,  may 
be  taken  as  represented  by  the  area  of  the  shaded  trapezoid  over  e*  ft  Fig. 
155  (6) .  The  moment,  at  c,  due  to  a  load  of  p  (lbs.,  tons,  etc.)  per  unit  length, 
and  occupying  the  same  length,  e  /,  is  «-  p  X  area  of  trapezoid  over  ef  /',  Fig. 
155  (ft). 

347.  Hence,  the  maximum  moment,  at  e,  due  to  a  uniform  load  of  p  (lbs., 
tons,  etc.)  per  unit  of  length,  occurs  when  that  load  covers  the  entire  span. 

This  maximum  moment  is  —  p  X  area  a'My,  —  p     "^     ^.    See  %  345. 


f    y 
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Influence  Diagram  for  Shear. 

348.  Under  a  single  concentrated  load,  the  shear,  at  any  point  beitweea 
the  load  and  either  support,  is  —  the  reaction  of  that  support.  See  HH  326 
and  327. 

349.  In  the  shear  influence  diagram.  Fig.  156,  as  in  the  moment  influence 
<£agram.  Fig.  154,  let  I  be  the  span ;  x  the  variable  distance  of  Um  load,  W, 
firom  the  right  support,  h,  and  y  the  constant  distance,  a  e,  of  a  nven  point, 
c,  from  the  left  support,  a.  Then,  for  any  position  of  W,  the  left  end  reac- 
tion, R,  or  the  shear,  S,  at  any  point  between  the  load  and  the  left  support,  is 

>*  W .  Y ;  and  the  right  reaction,  K',  or  the  shear,  S^  at  any  poiot  between 


350.  The  influenoe  line  for  shear,  like  that  for  moments,  1  344,  is  usuaUy 


the  load  and  the  right  support,  is  —  W  . 


eonstructed  for  a  load  —  unity,  so  that  S  —  R  —  -yj  and  S'  «-  B'  — 

"T^.  Each  ordinate  of  the  shear  diagram  must  then  be  multiplied  by  W, 
in  order  to  f^Hain  the  re<tuired  ehear. 

351.  Since  W  (  —  1)  and  I  are  constant,  R  and  S  vary  directly  (and  R'  and 
S'  inversely)  with  x.    Thus,  when  W  (  =  1)  is  at  6,  we  have  *  —  0 ;  S  —  R 

-  0,  and  S'  -  R'  •=  W  -  1.  When  W  (  =  1)  is  at  a,  we  have  x  -  Z;  S  -  R 

-  1.  and  S'  =  R'  -  0.  Draw  a'  a"  and  5'  6*,  each  -  W  (  -  1).  and  join 
a"  h'  and  a'  h".  Then,  with  W  at  c,  the  (positive)  shear,  S,  at  each  point,  as 
/,  between  c  and  a,  is  ^iven  by  the  ordinate,  c'  Ot  to  the  line  a"  6';  while  the 
ordinate,  cf  h,  to  the  line,  a'  b",  gives  the  (negative  shear  at  eadi  point,  as  e, 
between  c  and  b. 

352.  Similarly,  with  W  at  e,  the  ordinate,  c'  t,  gives  the  (positive)  shear  at 
•ach  pmut,  as  c,  between  e  and  a;  while  e'  p  gives  the  (negative)  shear  at 
each  i)oint  between  c  and  6. 
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353.  It  will  b^SMtioed  tftuut,  m  the  IomI  W,  pa«et  from  one  side  to  the 
Qiher  «f  an^  poittt,  aa  t,  the  shear  at  that  point  is  wversecl,  the  total  change 
in  shear  being  ^  he  +(/  g  >»  kg  ^  the  loac^  W. 

dff4.  Withaload,  W<«  l),atfr,  theshearatcis  -  0.  See  If  351.  As 
the  load  advances  Irom  b  toward  a,  the  positive  i^ear,  8  —  R  •>  y ,  at  e,  tn« 
creases  in  proportion  to  the  ordinates  to  the  line  h^  g,  becomiBg  «>  </  47  *• 
-j^*  when  W  Is  just  to  the  right  of  c    WitJi  W  just  to  the  left  of  a  we  have, 

negative  shear  at  c  —  8'  «■  R'  —  c'  A  *-  y.    But  a9  W  proceeds  from  c  to  a, 

this  negative  shear,  at  c,  decreases  in  proportion  to  the  ordinates  to  the  line 
k  a',  becoming  0  when  W  reaches  a.  Thus,  afhffif  is  the  shear  inHnenee 
dia^am  for  me  point,  c.  Similarly,  a'pA'  is  the  shear  influence  diagram 
for  the  point, «,  etc. 

355.  If  a  series  of  nearly  uniform  and  equidistant  concentrated  loads, 
such  as  the  wheel  loads  of  a  locomotive  and  train,  come  upon  the  span,  at  the 
support,  6,  and  advance  toward  a,  the  shear  at  c  evidently  increases  until  the 
first  load  reaches  c.  It  is  then  suddenly  diminished,  by  an  ^niount  —  the 
first  load,  as  that  load  passes  c.  It  then  continues  to  diminish,  as  each 
w^iel  passes  over  c,  but  more  slowly,  until  the  first  load  leaehes  a.    See  \ 

35<(.  With  a  uniformly  distributed  load,  of  unity  per  unit  length,  moving 
as  in  ^  355,  the  shears  at  e  (see  If  346)  are  represented  by  the  uretu  oi  those 
portions  of  the  diagram,  a'hgl/,  successively  covered  by  the  load,  portSens 
of  Hke  diagram  below  the  sero  line,  a*  I/,  being  taken  as  nefcative.  Thus, 
when  4he  nead  of  the  load  reaches  «,  the  (positive)  shear  at  c  is  given  by  the 
area  of  ^e  triangle,  1/9*1,  With  head  of  load  at  e.  the  shear  at  e  reaches  its 
maximum,  and  is  given  by  the  area  of  trian^,  V  c  g*  Wi^h  head  of  load  at 
/,  the  shear  at  c  is  ■- area  V  c' 9  — '  area  f  c' A  n. 

357*  Similarly,  the  shears  at «  are  given  br  the  areas  of  portions  of  the  dia- 
gram, a' pi^. 

3^«  Fig.  167*  shows  the  influence  diagram,  0  d  s  14  16,  for  the  shettrs  at 

e 


0  §  16,  for  the  rig^t  support,  0. 

For  the  action  of  mtemal  resisting  forces  In  beams  and  trusses,  see 
^giMSWse  Strength,  under  8trei«ih  of  Maleriais,  and  Stresses,  under 
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Relation  between  Moment  and  Shear. 
359*  The  shear,  at  any  point  in  the  span,  is  simply  the  rate  at  which 
the  bending:  moment  is  cnangins  at  that  point. 

360.  Thus,  in  Fig.  158.  the  moment,  M,  Fig.  (b),  at  the  support,  b,  due  to 
the  concentrated  load,  W.  of  6  tbs.,  is  -  W  /  -  6  X  4  -  24  ft.-lbs.;  but, 
between  the  support  and  the  load,  the  moment  is  decreasing  at  the  uniform 
rate  of  6  ft.^b>8.  for  each  foot  of  z,  or  6  ft.-tbe.  per  foot  «■  6  lbs. :  and  this  6  tbs. 
is  the  uniform  afiear,  V,  Fig.  (c),  throughout  the  beam.  Hence  the  shear 
diagram,  Fig.  (c),  is  a  fiorizontal  line ;  i. «.,  its  ordinates  are  of  equal  length. 

361.  Again,  in  fig.  159,  the  shear  dia^p^m  ordinates  between  a^  and  o". 
Fig.  (c),  are  poeitive;  showing  the  (algebraic)  increaBe  of  the  bending  moment, 
M,  Fig.  (&),  as  we  proceed  from  the  left  support,  a,  toward  the  center,  o,  of 
the  span;  while  the  negative  shear  diagram  ordinates,  between  </'  and  V, 
show  the  (algebraic)  decreaee  of  the  bending  moment  as  we  proceed  from 
the  center,  o,  to  the  right  support,  6.  At  the  center,  o,  the  rate  of  change  of 
bending  moment  is  zero,  as  is  also  the  vertical  shear. 


!«(«0 
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363.  Both  in  Figs.  158  and  159,  the  bending  moment,  li^  is  constantly 
ohan^ng;  but  in  Fig.  158  its  rate  of  change  (—6  ft.-lbs.  per  ft.  of  spaji)  la 
conetofU.  Hence,  the  moment  diacpram  is  a  etraight  inclined  line,  and  the 
ahear  diagram  is  a  haruontal  line;  whereas  in  Fig.  159  the  rate  of  change  of 
bending  moment  is  constantly  varying^  being  —  12  ft.-lbs.  per  foot  of  span 
(shear  —  12  tbs.)  at  the  support,  and  diminishing  to  sero  at  the  center,  o,  of 
the  span.  Hence,  in  Fig.  159,  the  moment  diagram^  Fig.  (b),  is  no  longer 
straight,  but  curved;  and  the  ehear  diagram,  Fig.  (c),  is  no  longer  horiaontal, 
but  inclined. 

363.  But.  in  Fig.  159  (c),  the  shear,  V,  or  the  rate  of  change  of  the  bending 
moment  (although  no  longer  constant,  as  it  was  in  Fig.  158  (c)),  nevertheless 
diminishes  uniformly,  as  we  proceed  from  a  toward  b.  Thus,  at  the  point,  1, 
Fig.  159,  midway  between  a  and  o,  the  bending  moment  is  changing  at  the 
rate  of  6  ft.-lbe.  per  foot,  or  half  as  fast  as  at  a.  Hence,  the  shear  diagram, 
although  no  longer  a  Jiorizonial  line,  is  still  a  straight  line;  and  the  uniform 
decrease  (  »  6  ft.-tbs.  per  foot  per  foot)  in  the  rate  of  change  of  the  bending 
moment,  or  the  uniform  decrease  ( ■-  6  tt>s.  per  foot)  in  shear,  is  indicated  by 
the  horizontal  diagram  in  Fig.  159  (d). 

364.  In  either  Fig.,  let  a  straight  line  be  drawn,  tangential  to  the  moment 
diagram  (6),  at  anypoint.  c',  and  forming,  with  the  horixontal  zero  line,  a'  b\ 
wot  angle,  A.  (In  Fig.  158,  this  line  comcides  with  the  moment  diagram.) 
Then  the  tangent  of  A  is  given  by  the  shear  diagram  ordinate,  c",  corre- 
•ponding  to  the  point,  c/  or,  for  any  point,  V  —  tan  A.      r^  T 
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365.  In  "Fig.  158,  where  this  angle.  A,  Fig.  (6),  is  eonHant,  the  shear  ordi* 
nates.  Fig.  (c),  are  of  cwMtant  length*  In  other  words,  the  shear  diagram, 
Fig.  158.  is  a  horxMntal  line. 

366.  -Since  the  shear  diagram  ordinates  represent  forces  (as  in  lbs.,  etc.) 
and  the  abscissas  represent  dUtances  (as  in  ft.,  etc.)  the  product  of  the  dis- 
tance between  any  two  shear  ordinates,  multiplied  by  the  mean  of  those  ordi- 
nate&  is  an  area  representing  a  moment  (in  ft. -lbs.,  etc.).  This  moment  is  — 
the  difference  between  the  two  moments  represented  by  the  corresponding 
ordinates  in  the  moment  diagram. 

367.  Thus,  in  Fig.  158  (6),  the  increase  in  (negative)  bending  moment, 
between  points  1  and  3,  is  -  18  —  6  -  12  ft.-lbs.;  and,  in  Fig.  158  (c),  the 
moment  represented  by  the  (shaded)  area,  between  the  same  two  points,  is 
—  2  ft.  X  6  tbs.  *  12  ft.-lbs.  In  Fig.  159,  the  (algebraic)  increase  in  bend- 
ing moment.  Fig.  (6),  between  the  left  support,  a,  and  the  center,  o,  of  the 
span,  is  —  8+4—  12  ft.-lbs.;  and  the  moment,  represented  by  the  shear 
cuagram  area  (triangle)  between  the  same  two  points,  Fig.  (c),  is 

-^V^--^^-^-^  -12ft..lbs. 

368.  Again,  in  Fig.  159,  at  any  two  points  equally  distant  from  the  center, 
0,  of  the  span,  the  moments  are  equal;  or  difference  of  moments  —  zero: 
and,  since  shear  ordinates  below  the  zero  line,  a"  h'\  Fig.  (c),  are  considered 
as  negative,  the  algebraic  sum  of  the  two  corresponding  shear  triangles.  Fig. 
(c),  is  also  —  zero. 

Similarly,  areas  in  Fig.  159  (d)  correspond  to  differences  of  ordinates  in 
Fig.  159  (c). 
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STBENQTH  OF  MATEBIAIS. 


OENERAI^  PRIlfClPI^ES. 

Art.  1  (a)  Stress  or  Strain*  occars  whea  force  acts  opon  a  body  in  Bach 
a  wJEiy  that  its  particles  tend  to  move  (at  tlie  same  time)  witli  different  velocities 
or  in  different  directions ;  to  do  wtiicn  they  must  either  separate  ft'om  each  other 
or  oome  closer  together.  This  occurs,  for  instance,  when  a  hodj  is  so  plaeed 
as  t-o  oppose  the  relative  motion  of  two  other  bodies ;  as  when  a  blooic  is  plaeed 
between  a  weight  and  a  horinmtal  table.  In  this  case^  each  of  the  two  bodiet 
(the  weight  and  the  table)  imparts  a  force  to  the  opposing  body  (the  block) ;  and 
the  stress  is  the  opposition  of  these  equal  forces.  The  tendency  of  the  iMrtiolfli 
of  the  block  to  separate  or  to  oome  closer  together  calls  into  action  the  InhereHt 
forces  of  its  material,  and  these  act  between  the  partickn  and  tend  to  keep 
them  in  their  original  relative  positiona. 

(b)  Compression  and  Tension.  If  two  opposite  forces  are  simul- 
taneously imparted  to  a  body  in  the  same  straight  line,  the  stress  is  either  com- 
pressive (when  the  forces  act  toward  each  other)  or  tensile  (when  they  act /row* 
each  qther). 

Oompressive  stress  tends  to  ptuh  the  particles  closer  together.  Tensile  stress 
tends  to  pull  them  farther  apart.f 

(e)  If  two  InMMurted  forces,  as  a  o,  ft  o,  meet  at  an  anyle,  as  at  o ; 
then  two  equal  ana  opposite  components,  a"oand  &^o,  will  cause  compressive 
or  tensile  stress  in  the  body,  while  the  other  two,  a'  o  and  6'  o,  unite  to  form  the 


(aj 


.    (b) 


resultant,  c  o,  which,  unless  balanced  by  other  forces,  moves  the  body  in  lis  own 
direction,  and,  in  doing  so,  produces  another  stress  among  the  particles  of  the 
body.    See  (a),  above. 
(d}  If  tlie  two  forces  are  parallel,  forming  a  "  couple,**  as  in  a  punch 


case  of  a  beam.  The  transverse  stress  is  proportional  to  the  distance  between  the 
two  forces  (t.  «.,  to  the  arm  or  leverage  of  the  couple),  so  that,  when  they  are  very 
close  together,  as  in  a  pair  of  shears,  the  transverse  stress  is  very  small  and  is 
neglect^  ana  the  shearing  stress  alone  is  considered. 

(e)  If  two  contrary  couples.  In  different  planes,  act  upon  a 
body,  the  stress  is  called  torsion  or  twisting.  See  p.  499.  Thus,  torsion  takes 
place  in  a  brake  axle  when  we  try  to  turn  it  while  its  lower  end  is  held  fast  by 
the  brake  chain. 

(f)  But  the  ultimate  tendency  of  any  of  these  forms  of  stress  is  either  to 
separate  certain  particles  or  to  drive  them  closer  together^  as  in  cases  (tensile  or 
compressive  stress)  where  the  two  forces  are  in  one  lincf  We  shall,  therefore, 
in  these  introductory  articles,  consider  only  this  simple  and  fundamental  form 
of  stress,  assuming  that  it  is  caused  by  the  action  of  two  opposite  imparted 
forces,  acting  in  the  same  straight  line  so  that  they  are  entirely  employed  in 
causing  the  stress. 

(gr)  A  stress  may  be  stated  in  any  unit  of  weight,  as  in  pounds,  and 
is  equal  to  one  of  the  two  opposite  forces. 

♦For  another  use  of  the  word  "strain,"  see  Art.  2  (d). 

t  Indeed,  even  in  cases  of  compressive  stress,  it  is  only  by  the  separation  of  the 
particles  that  the  structure  of  the  body  and  its  inherent  forces  can  be  destroyed. 
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Art.  Ji  (*>  StJMtdi  aw^  Hwptny*  It  mpmrn  from  «xporiiiieiit  that 
inherent  cohesive  forces  called  into  action  by  the  first  application  of  anr  sti 
mn  always  less  than  that  sitresa,  howervear  amaU  it  may  be.    Ib  ether  wefds ;  i 


b  wpean  from  eixporiment  that  the 
'  the  first  application  of  anr  stress 
tU  it  may  be.  Ib  ether  wefds ;  aAj 
■tress,  however  slight,  is  believed  to  produce  some  derangement  of  the  particles. 
Bat  the  inherent  Mreea  inertaae  with  this  deraBganaent  ^p  to  a  certain  point)  * 
and  thus,  in  manv  cases,  they  become  equal  to  the  stress  and  so  prevent  further 
derangement.  When  the  stress  exceeds  the  greatest  inherent  force  which  the 
body  can  exert  the  particles  separate  to  such  an  extent  that  ttte  inherent  forcet 
cease  to  act.    The  body  is  then  said  to  be  broken,  or  ruptured. 

(1^)  DMBsreii*  ttaattirtBla  bebave  werjr  dtflferentlj^  when  under  stress. 
Brittle  ones  seem  to  resist  almost  perfectly  ttp  to  a  certain  point,  allowing  no 
perceptible  deransement  of  the  particles ;  and  then  yield  suddenly  and  entirely. 
In  ductile  materials,  on  the  contrary,  oonsiderable  derangement  takea  place 
before  the  inherent  resisting  fonee  finally  yield. 

(e)  The  TOltimate  itevM  of  a  body  is  that  which  is  just  sufficient  to  break 
it  or  erueh  it,  or,  in  short,  to  desUroy  its  structure  so  that  it  can  no  longer  resist. 
Ib  ether  woios,  a  stress  just  less  than  the  ultimate  it  the  greatest  stress  to  which 
thB  body  ean  be  sol]()eoted. 

Caution,  In  brittle  materials,  such  as  brick,  stone,  cement,  g^lass.  cast-iron, 
etc.,  especially  when  subjected  to  tension j  the  point  of  rupture  is  clearly  marked, 
and  hence  the  ultimate  strength  mav  in  such  cases  be  stated  with  precision. 
But  with  ductile  or  malleable  materials,  such  as  copper,  lead  and  wrought  Iron, 
especially  when  under  compression^  it  is  often  difficult  or  impossible  to  state  the 
ultimate  strength  definitely.  For  instance,  a  cube  of  lead  may  be  gradually 
crushed  into  a  thin  flat  sheet  without  rupture.  In  other  words,  there  it 
practically  no  load  which  can  break  it  by  crushing.  In  such  case;*,  we  may 
iirbitrarity  assume  some  given  amount  of  dittMrttoB  as  marking  the  point  of 
oHlmaCe  stress.  Thus,  by  the  "ahimate"  load  of  a  rolled  iron  beam 
we  mean  "that  one  which  so  cripples  the  beam  that  it  eontklaet  to  yield 
indefinitely  without  increase  of  load."  Such  assumptions,  however,  necessarily 
give  rise  to  some  ambiguity,  and  care  should  therefbre  alleys  be  taken  to  define 
or  to  ascertain  clearly  in  what  sense  the  term  "ultimate  stress"  is  employed. 

The  ultlaaate  w^MmmgOk  of  a  material  (or,  more  brieflr,  ite  •treoftli)  it 
the  greatest  inherent  force  which  Its  partides  ean  e^ert  in  opposition  to  a 
stress.  In  other  words,  it  is  that  inherent  resistance  which  is  Just  equal  to  the 
ultimate  stress.  Hence  strength,  like  stress,  is  stated  in  units  of  weif  ht,  and 
we  may  use  the  terms  "  ultimate  strength  **  and  **  ultimate  stress  "  indttierently, 
as  denoting  practically  the  same  thing. 

(4)  For  want  e#  a  oonvenlent  and  appropriate  name  for  the  rJMingn  ^f 
Mia^  caused  by  stress;  modem  writers  have,  rather  unftsrtunately,  given  to 
it  the  name  of  strain,*  which,  in  ordinary  language,  is  used  to  signiiy  strtUt 
as  above  defined.  We  prefer  to  use  the  word  **  MrcicAi  **  K>r  ehange  of  shape, 
in  inches,  etc.  (regardioe conipre^^ton  as  negative  "stretch"),  and  "strain'*  or 
"stress"  fftr  th«  aotioD  of  the  two  opposing  Itoott,  in  pounds^  ete. 

(e)  By  the  'Men^tb*'  of  a  body,  we  mean  its  dimension  measured  in  the 
Uneaf  the  stress ;  aid,  by  "  area,"  the  area  of  the  resisting  cross  teeUon  at 
right  angles  to  that  line.  Thus,  if  a  slab  of  iron,  2  inches  thick  and  10  inches 
sqnare.  be  laid  flat  upon  a  smooth  and  horizontal  surface,  and  if  a  load  be  placed 
upon  it  so  as  to  be  uniformly  distributed  over  its  upper  flat  surftu»,  the  "  length  ** 
is  2  inches,  and  the  <*  area,"  10  x  10  —  100  square  inehes.t 

(r)  Units  adopted.  Unless  otherwise  stated,  we  shall  understand  the 
■tress  in  any  case  to  be  given  in  pounds,  the  stretch  and  the  length  in  inches, 
and  the  area  in  square  inches. 

•The  word  "strain"  is  not  thus  defined,  even  as  a  scientific  term,  in  either 
Webster's  or  Worcester's  dictionary. 

ftTndei^  stretses  approaching  the  aHlmate  stress,  the  area  of  the  cross  section 
generally  increases  under  compression,  and  diminishes  under  tension,  to  diiflfor» 
«nt  extents  in  aufhrent  materials;  bnt  we  are  here  oonoaraed  only  with  cases 
within  the  limit  of  elasticity,  (Art.  4  a.  p.  458)  and  in  tnoh  oatea  the  ehange  el 
area  is  generally  veiy  tttght  and  may  be  neglected* 


y  Google 


456  CTTBENOTH  OF  MATSRIAUS. 

Art.  8  (a).    If  the  total  itreM  (in  lbs.,  etc.)  upon  a  body  be  diyide4  by  the 

area  of  the  resisting  8ur£ace  (in  square  inches,  etc.)  the  quotient,  £^I^     is  the 

area 
mean  «tr«M  per  imtt  of  area,  or  (as  it  is  sometimes  called)  the  intermtj/  of 
the  stress.    Or, 

Strees  per  unit  or  area  -   total  "tr®" 


area 

Thuc,  if  a  bar  of  iron,  2  inches  wide  by  1  inch  thick,  (having  therefore  2  square 
inches  of  area  of  cross  section)  and  10  feet  long,  be  subjected  to  a  total  tensile 
stress  of  20,000  lbs.  in  the  direction  of  its  (10  ft.)  length,  we  have 

mean  stress    )        total  stress        20,000  lbs.         mAAA  ik-,v^»  .««««» 4««i» 
per  uDlt  of  .real SS; 2.qu.reln.  "  ^"''^  ""  VO"m»»  Inch. 

Caution.  StricUy  speaking,  the  stress  on  a  surface  is  seldom  distributed 
uniformly  over  it.  Thus,  in  the  case  of  the  bar  Just  referred  to,  if  the  stress  is 
applied  by  means  of  grips,  clampine  the  sides  and  edges  of  the  bar,  the  strew 
per  square  inch  near  those  sides  and  edges  is  probably  greater  than  that  near 
the  center  of  the  bar,  because  the  stress  is  not  perfectly  and  uniformly  trans- 
mitted £rom  the  outer  to  the  inner  fibres.  And,  in  cases  of  compression,  the 
loacL  instead  of  being  uniformly  distributed  over  the  surface,  as  it  appears  to  be, 
is  often  in  fact  supported  by  a  few  projecting  portions  of  it.  In  practice,  these 
considerations  are  often  of  the  greatest  Importance,  but  in  studving  the 
principles  of  resistance,  we  may,  for  convenience,  temporarily  neglect  tnem,  and 
assume  the  stresses  to  be  uniformly  distributed  over  their  respective  areas. 

(b]  If  the  total  stretch  of  a  body  (in  inches,  etc.),  under  any  given  stress,  b« 
divided  by  the  original  length  of  the  body  (in  the  same  measure),  the  quotient 
is  the  etretcift  per  nnlt  of  ien|(tift.    Or, 

Strntdi  per  nnlt  of  lenfftln total  stretch 

original  length 

Thus:  if  the  foregoing  bar.  10  feet  (or  120  inches)  long,  is  found  to  stretch 
.04  inch,  under  its  load  pf  20,000  lbs.  total,  or  10,000  lbs.  per  square  inch,  we  have 

stretch  ner  unit  of  length  _     total  stretch    _  ^04 ^,^,^^33  ^^^        j^^ 

under  said  load  original  length        120  *^ 

(o)  Tbe  M<»dnlue  of  Saaetleltir.  In  materials  which  undergo  a  per- 
oeptible  stretch  before  rupture,  it  has  heen  found  by  experiment  that  up  10  a 
certain  degree  of  stress,  called  the  limit  of  elasticity  (Art.  4  a,  p.  458),   the  ratio^ 

■  t^tal  stress   ^  ^  ^^^  given  body,  remains  very  nearly  constant    In  other 
total  stretch 

words,  within  the  limit  mentioned,  equal  additions  of  stress  cause  practically 
equal  additional  stretches. 

In  order  to  compare  bodies  of  difibrent  dimensions,  we  state  the  same  fact  by 
„7lng  that,  within  the  el.rtic  «mlt  the  quotient.  ^^  ^  ::^  ^j  "^i:^ 
remains  practically  constant 

This  quotient,  as  found  by  experiment  with  any  glveii  material,  is  called  the 
Hodulns  of  Klastloltjr.of  that  material,  and  is  usually  denoted  by  the 
capital  letter  fi«.  It  is  of  course  expressed  in  the  same  unit  as  the  stress  per 
unit  of  area,  as,  for  instance,  in  pounds  per  square  inch;  but  It  Is  usually  stated 
simply  in  pounds^  the  words  "  per  square  inch  **  being  understood. 

(d)  It  will  be  noticed  that  the  greater  the  stress  required  to  produce  a  given 
stretch  in  a  body,  the  greater  is  its  modulus  of  elasticity.  Hence  the  modalua 
B  i»  a  measure  of  the  resistance  which  the  body  can  make  aaainst  a  chanse  in 
sha]ie  This  resistance  we  call  the  •<  elaetlelty "  of  the  body,  although  in 
evcry-day  language  (and,  indeed,  often  in  a  scientific  sense  also)  we  apdv  the 
term  "  elasticity"  rather  to  the  ability  of  a  body  to  sustain  considerable  distor- 
tion without  losing  its  power  of  returning  to  its  original  shape. 
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(•)  SiiMt  .     .  total 

aivMi  ptr  nnll  of  MM  -  *!E^ 


And  ainos 

wenwyflndtliemodahisof  tliBtlcityof  Mi7iiwUrial,from  •zperimiot  vpM 
•nyipecimenof  itfthaas  _^_.     , .     ^w 

From  thli  we  lutTe  tho  fi»Ilowliig  eqaationt: 

Total  stMMt  in  lbs.         modalafor         total  itretch  ^         won 

loqulred  tor  n  giron « otafttcUy in Ite  X  in  inchoe  '^insquareino  .  •  .CQ 

total  Btrotoh,  in  ineheo      per  aqnnro  inch       original  longtli  in  in^eP 

gtrc—  p»r  wait  ot  mo—»  modnloaof  ■imtohnar  ^ 

inlb^porsqaaroinclmoqaired-olafUcityinlbj.  X  nnitSlmSh  •  •  •  Ci> 
for  a  given  stretch,  in  inohai         per  square  inoh        '^        ^'^ 

Total  atr•tel^  in        total  stressv.      original  length,  in  inehee 
toohes,  under  any  stress"     in  lbs.    ^  modulus  of  elasticity,  ^  area,  in  •  •  •  €9 

in  lbs.  per  square  inch  ^  sq.  ins 

original  length  ^         itress,  in  lbs,  per  square  inch  ^     mm 

■"      Ininchee      '^modulus  of  elastioity  in  lbs.  per  8q.indi*  *        ^ 

■  •  modulus  ofelastioity,  in  lbs  per  sq.  in. 

The  modulus  of  elastleity  is  used  chiefly  in  connection  with  the  stiflhess  of 
beams.    In  any  beam,  supported  at  both  ends  and  loaded  at  the  center : 

mr.«^»i..  ^^        (  load     .    %  weight  of  clear  \  ^  cube  of  spaa 
5SSS.~.ta  -  Ulb.-  +;gn.rUm.lnll,«.)  X    In  l^eS?:    .  _  „ 
Iba.  per  sq.  inch  js  v  deflection,  v^  moment  of  inertia 

^  in  in^^hw 

if  the  beam  is  rtctafiguUtr,  this  becomea 

As  per  square  inch        ^  v  deflection,  ^  breadth,  ^  cube  of  depth 
*^  ininchee -^  inehee  ^     in  inches 

Oorresponding  ftmnaln  flir  modulus  of  rtastlcity  in  beams  othorwlss  sop* 
ported  and  loadei,  may  be  readily  deduced  firom  those  for  deflection 

(f)  If  equal  additions  of  stress  could  produce  equal  additional  stretches  in  s 
body  to  an  indeflnite  extent,  both  within  and  beyond  the  ela^itio  limit,  then  s 
stress  equal-to  the  Modulus  of  Elasticity  would  double  the  length  of  a  bar  when 
applied  to  it  in  eefwion,  or  wouU  sAorten  it  to  asro  when  ijylied.  in  €€m§rH$iiM 
In  other  jroids,  if  equation  (6), 

total  stfoteh.  •■  <*ri8*>>sl  length  ^  stress  per  square  inch 
"•"^•^  In  inches       ^  modulus  of  elasticity    * 

held  jMod  beifomd  the  elastio  limit,  as  it  does  fapproximately)  within  that  limlL 
and  tr  we  oould  make  the  stress  per  square  inch  equal  to  the  ihodulos  m 
elastioity,  we  should  have  total  stretch  >-  original  length. 
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For  ezmmple^  a  one-incli  sqoue  bar  of  wrought  iron  will,  within  tha  Usii  fli 
•lasticity,  stretch  or  shorten,  on  an  aTorage,  aboot  -rihnf  of  its  length  u^dei 
each  additional  load  of  2240  lbs.  If  it  could  continue  to  stretch  or  shorten 
indefinitely  at  this  rate,  it  is  evident  that  12000  times  2240  lbs.,  or  26  88»M0  IIik* 
(which  is  about  the  average  modulus  of  e^ticHy  fer  siioh  b«r8)  oonld  either 
•tretch  the  bar  to  doabto  ito  Imigiii  or  reduce  it  to  zero. 

tt  e(nial  aiicBtional  stoceses  appHed  to  a  bar  eonld  Indeftaitely  prodoM 
stretches,  each  bearing  a  constant  proportion  to  the  incretuei  lemgiJi  of  the  bar,  if 
in  tension;  or  to  the  diminished  \ntn\t.  it  ia  eomoression;  then  the  same  load 
which  would  double  the  length  of  the  bar  if  applied  ill  tension,  woaM  iMuot 
it  to  Ao^^its  length,  if  applied  in  compression. 

itO  We  nve  below  a  tsiMe  of  awermge  Kodnll  ot  BlaaCt«lt^y  in  rtmnd 
numbers,  for  a  ftw  materlali;  remarking,  by  way  of  cautio%  that,  even  in  the 
ease  of  (Axetile  materials,  the  stretches  proanoad  by  stresasa  within  the  alastio 
limit  are  ao  stnall,  and  (owin«  to  differenoes  in  the  character  of  the  naterial)  so 
irre^ar,  that  a  satisfactory  average  can  be  arrived  at  only  by  comparing  many 
experiments ;  while,  in  the  case  of  materials,  suoh  aa  stone^  bilck*  ate^  where 
almost  no  perceptible  stretch  takes  place  beisre  ruutmre,  it  ia  seavbel^  worth 
while  to  give  any  values  as  representing  the  aoliial  meduU*  Thus^  eighteen 
•xperiments  upon  a  single  brand  of  neat  cement  for  the  St.  Louis  bridge,  indi- 
cated a  Modulus  varying  from  800  000  to  6  ^M>  COO  (I)  pounds  per  aquara  inch 
Uk  tension,  and  £rom  9Q0  ObO  to  1  500  000  in  eothpression, 

(h)  Owing  to  the  fact  that  the  stretches  within  the  elastic  limit  are  seldom, 
if  ever,  exactly  proportional  to  the  atresaes,  but  only  approxiaMitely  so,  the 
modulus  of  elastieity,  aa  found  by  experiment  for  a  elven  material,  will 
generally  vary  aomewhat  with  the  stress' at  which  the  stretch  is  taken. 

Art.  ^  (a)  The  stress  beyond  which  the  stretches  In  any  body  ltior«l»e  pe^ 
oeptibly  faster  than  the  stresses,  is  called  the  limit  of  elaatlcltjr  of  that 
body.  Owing  to  the  irregularity  in  the  behavior  of  diifirent  apeehmena  of  the 
same  material,  and  to  the  extreme  amallness  of  the  distortiona  caused  in  moel 
materials  by  moderate  loads,  and  because  we  often  cannot  decide  Just  when  the 
alretch  begins  to  increase  faster  than  the  load,  the  elastic  limit  is  seldom,  if 
iter,  determinable  with  exactness  and  certainty.*  Bat  by  means  of  a  lai|^ 
number  of  experiments  upon  a  given  material  we  may  obtain  useful  averaga 
or  minimum  values  for  it,  and  should  in  all  cases  of  practice  keep  the  stressea 
well  within  such  values;  since,  if  the  elastic  limit  be  exceeded  (through  mi8> 
calculation,  or  through  subsequent  increase  in  the  itress  or  decrease  in  th« 
strength  of  the  material)  the  structure  rapidly  fails.  The  table,  below,  glTOS 
approximate  average  elastic  limita  for  a  flaw  mat^iala. 

(b)  Brittle  materials,  anolh  sa  atonea,  eements,  briekaj  etc.,  caa  acaxcaly  bossid 
•shave an  elaatic  limit;  or,  if  they  have,  it  ia  almost  impossible  to  determlnf 
It;  since  mpMre,  in  ad^  bodies,  takes  plaoe  before  any  stretch  can  be  safia 
Ihctorilv  measured,  llius,  in  the  18  speoimeas  of  one  bran4  of  cement  ' 
referred  to  in  Art.  3^  above,  the  sxperimento  indicated  an  elastic  limit  varyins 
between  16  and  104  (I)  pounds  per  square  inch  ia  temion,  and  from  424  to  15C« 
in  compresaion, 

(c>  Bzperimenta  show  that  a  amaB  partMSMi«ut  •^oaf  ratretoh)  prabsbly 
takee  phuse  in  all  caaes  of  atreas  even  under  very  moderate  loaia;  but  oraHnaarito 
it  first  beeomes  noticeable  at  about  the  time  when  the  elastic  limit  is  exceeded 
Many  writers  define  the  elastic  limit  as  that  stress  at  which  the  first  marked 
parmaneat  set  appeara. 

(d)  The  elMattc  g^tioof  a  material  IS  the  qiwtisnt,    ,  ^}^^^  ^^\^  «     ^ 

Qltimata  at^cength 
li  naually  expressed  as  a  decimal  firaction. 

*  The  n.  S.  Board  appointed  to  test  Iron,  Steel.  Ac,  found  a  variation  of  nearly 
40fN)  lbs.  per  square  inch  in  the  elastie  limit  of  oars  of  one  make  of  rolled  ixoi^ 
pieipared  with  great  care  and  having  very  uniform  taaaUe  strength ;  and.  ia 
another  very  carefully  made  iron,  a  difference  of  over  30  par  cent,  between  iwa 
bars  of  the  same  siae.    Report,  1881,  Vol.  1,  p.  31. 


y  Google 


erTRBHGTH  09"  MATSmALBL 


459 


I^Hite  ibr 


The  values  here  given  are  approximate  averages  compiled  from  maoy  soufOM. 
Authorities  diflfer  oonaMerably  in  their  date  on  this  subject.  See  Art.  3  (g)  and 
(h),  and  Art.  4  (a)  and  (b). 


Btr««h«r  _ 

iBftlMftk 

Mdar  •  ' 
1000  &•  per 
>4ia 


MotelM 

or  Coeff 

or 

BlMtioity. 


leii. 

iMdof 

1  ton  per 


'^fSft.*' 


Birch 

BrMfl.  ou« 

wire 

Chestaiit 

Copper,  out 

•'       wlw 

Ha 

Q\mn 4 

IreD^easi 

"      "    aterac« 

**    wrought,  in  either  c 

hMW,  sheeta  orphUee. V 

"         "         "    averam. 

"  wire.nard 

••  wlreropee 

I«aroh 

L«id,  Aeet 

"      wire..... 

MlhOgMBJ 

Oak 

flbe,  wMt»orfelI««. 
91ata..... 
Spmoe.... 
Steel  bare. 

Teak 

tin.  east.. 


lbs  per  tq  la. 

1  «nofKW> 

1  300  000 
1  400  000 
9  200  000 

14  200  000 

1  000  000 
18  IRW  000 
18  OtXt  W» 

1,  fHX)  (XK) 

8  om  000 

12  000  000 

38  000  000 
IT  MO  000 
18  000  000 

to 
40  000  000 
29  000  000 
96  000  000 

15  000  000 
1  100  000 

Tsoooe 

1  000  000 
1  400  000 
1  000  OOD 

to 
t  000  000 
1  900  000 
1  600  000 

14  500  000 
1  600  000 

29  000  000 
to 

43  000  600 

8S  500  060 

1  000  000 

2  000  000 
4  000  000 


iai. 

.076 
.092 


.120 
.•15 


.005 
.OOf 


.109 
.1S7 
.120 


.080 
.075 
.008 
.076 
.004 


.099 
.OUR 


Ine. 
.168 
.207 
.192 

jm 

.019 
.289 
.016 
J)16 


.012 
.016 
.016 
to 
.007 
.009 
.010 


IbeperiqlB. 
4500 


4500 

•S60 
10000 


40000 
80000 

fTOOO 
1800O 

2300 
1100 
1100 
2700 


.1*4 
.179 
.168 

.018 
.166 
.009 


Ml 
.269 
.134 


8300 
3700 


88000 
4000 
5000 


ElongationB 
Fig.  D. 


(f)  Tleld  point.  In  testing  8|>ec}meiM  or  iron  and  steel,  it  is  commonly 
found  that,  after  passing  the  elastic  limit,  see  (Art  4  a),  a  point  is  reached  where 
the  ratio  between  the  stretch  and  the  stress  suddenly  begins  to  iMrease  more 
rapidij.    This  is  eommooly  oalled  the  yield  point.    See  Fig.  D. 
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Art.  5  (a)  nii«iHt«Mw>  ii  a  dmm  giTan  to  tbe  work  (at  in  ioob-poimdi) 
which  must  be  done  in  order  to  produce  a  certain  stretch  in  a  given  body. 
This  work  is  equal  to 

resilience  said  stretch  ^  mean  stress  in  pounds  employed  in  producing 

in  inch-pounds  '    in  inches    ^  the  stretch. 

The  total  resilience  is  the  work  done  in  causing  rupture.  The  elastic  resilience 
(firequently  called,  simply,  the  reHUmee)  is  that  done  in  causing  the  greatest 
•tietch  possible  toithin  the  eUxetie  limiL 

fb)  Snddenljr  applied  loads.  Place  a  weight  of  4  lbs.  in  a  spring 
balance,  but  let  it  be  upheld  by  a  string  fastened  to  a  firm  support  in  such  a 
WET  that  the  scale  of  the  balance  shall  show  only  1  lb.    By  now  cutting  this 


string  with  a  pair  of  scissors,  we  suddetUy  applv  4  —  1 »  8  lbs. ;  and  the  weight 
will  descend  rapidly,  until,  for  an  instant,  the  scale  shows  about  1  +  twice 
8  a  7  lbs.    In  otner  words,  the  load  of  3  lbs.  applied  suddenly  (but  without  iar 


or  shock)  has  produced  nearly  twice  the  stretch  that  it  could  produce  if  added 
grain  by  grain,  as  in  the  shape  of  sand. 

For,  when  the  load  is  first  applied,  the  inherent  forces,  as  noticed  in  Art  2  <«), 
are  insufficient  to  counteract  its  stress.  Hence  the  load  begins  to  stretch  the 
sprinff.  The  work  thus  done  is  equal  to  the  product,  suddenly  applied  weight 
of  8  lbs.  X  the  stretch  of  the  spring ;  and  it  has  been  expended  (except  a  small 
portion  required  to  counteract  friction)  in  bringing  the  resisting  forces  into 
action,  thus  storing  in  the  spring  potential  enerey  nearly 

sufficient  to  do  the  same  work ;  t.  e.,  to  lift  the  weight  (8  lbs.)  to  the  point  (1  lb. 
on  the  scale)  from  which  it  started.  But  a  portion  of  this  energy  has  to  work 
against  friction  and  the  resistance  of  the  air.  Therefore  the  weight  does  not 
lUe  quite  to  its  original  height. 

The  shortening  of  the  spring  nearly  to  its  original  lensth  has  now  reduced 
its  inherent  forces  almost  to  zero ;  and  the  weight  again  falls,  but  not  so  fiEU*  as 
before.  It  thus  vibrates  through  a  less  and  less  distance  each  time,  and  finally 
comes  to  rest  at  a  point  (4  lbs.  on  the  scale)  midway  between  its  highest  and 
lowest  positions  (1  lb.  and  7  lbs.)  Thus,  within  the  limit  of  elasticity,  a  laad 
applied  snddenljr  (though  without  shock)  prodiiees  tomporarlljr  a 
•tretoh  wkemrly  equal  to  twice  tliat  ^vrnlcli  It  eonld  jnrodnee  it 
applied  gradually  I  i,  e^  twice  that  which  It  can  maintain  after  it  comts 
to  rest. 

Remarlc  If  the  load  is  added  in  small  instalments,  each  appllad  suddenly, 
then  each  instalment  produces  a  small  temporary  stretch  and  afterward  main- 
tains a  stretch  half  as  great  Thus,  under  the  last  small  instalment  the  bar 
Stretches  temporarily  to  a  length  greater  than  that  which  the  total  load  can 
maintain,  by  an  amount  equal  to  half  the  small  temporary  stretoh  produced  by 
the  sudden  application  of  the  last  small  instalment 

(o)  Tbe  BI<»diiIiis  of  Ifflnatle  Resllleitoe  (often  called,  simply,  th« 
Modulus  of  Besilience)  of  a  material,  is  the  work  done  upon  one  cubic  ineh  cfU 
bj  a  gradually  applied  load  equal  to  the  elastic  limit    Or, 

MA<iniiiB  stretoh  in  inches  mean  stress 

^/»^mf»^  —  P^  »♦»«*  of  length  X  imlbcper square  inch 
of  resiUence      {J theelaiiic  liSdt       causing  thJt  stretoh 

If;  as  Is  usually  done,  we  assume  tiiis  mean  stress  to  be  >^  the  elastic  liml^ 
Chen,  by  formula  (6) 

Modalus     _         elastic  Mmit         ^  w  ^^^^  „^| 
or  TCsilienoe       modulus  of  elasticity  ^  ^  ^^ 

^^  jy  square  of  elastic  limit 
modulus  of  elasticity 

Tba  elastic  resilience  of  any  piece  is  then 

fitsliienoo  »  modulus  of  resilience  X  Tolume  of  piece  in  cobio  indMti 


y  Google 


STRENGTH  OF  MATERIALS.  461 

The  niodiilus  of  resfllenee  of  s  msterial  is  a  meMtm  of  its  capacity  for  resist- 
ing shocks  or  blows. 

Elastic  Ratio.  The  elastic  ratio  of  a  material  is  the  ratio  between  its 
elastic  limit  (Art.  4  a,  and  its  ultimate  strength  (Art.  2  c. 

Thus,  if  the  ultimate  tensile  strength  of  a  steel  bar  be  70,000  pounds  per 
square  inch,  and  its  elastic  limit  in  tension  89,900  pounds  per  square  inch,  its 
elastio  ratio  is 

TOiooo-^-*^^- 

Inasmuch  as  it  is  now  generally  conceded  that  the  permissible  working  load 
of  a  material  should  be  determined  by  its  elastio  limit  ratiier  than  by  its  ulti- 
mate strength,  it  follows  that,,  other  things  being  equal,  a  high  elastic  ratio  is 
in  ffeneral  a  desirable  Qualification ;  but,  on  the  other  hand,  it  is  possible,  by 
modifying  the  process  of  manufacture,  to  obtain  material  of  nigh  elastic  ratio, 
but  deficient  in  "  bodv  "  or  in  resilience — i.  e.,  in  capacity  to  resist  the  effect  of 
blows  or  shocks,  or  of  sudden  implication  or  fluctuation  of  stress. 

In  the  manufacture  of  steel  it  is  found  that  the  elastio  ratio  is  increased  by 
increasing  the  reduction  of  area  in  hammering  or  rolling,  and  that  the  rate  of 
increase  or  elastic  ratio  with  reduction  of  area  increases  rapidly  as  the  reduc- 
tion becomes  rery  great.  This  is  indicated  by  the  foUowing  experimeats  by 
Kirkaldy  on  steel  plates:* 

Plates  1  inch  thick,  mean  elastic  ratio  0.58 

u       ^  a  ..  u  u  QJ58 

"     H       "  "  "  **       0.61 

•  Annual  Report  of  the  Secretary  of  the  Navy,  Washington,  1885,  Vol.  L  p. 
4t9:  and  Merchant  Shipping  Experiments  on  Steel,  Parliamentary  Paper,  CI 
28»i,  London,  1881.        *'*'<»»'  /       t~. 
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Art.  6.  A  seetton  sMiy  be  weafcenea  1^  iwDwrnmrtms  Its 
widtli.  On  pp  400,  etc.,  we  considered  the  case  where  the  widUi  of  the  baae 
i0  fixed  and  where  the  point  of  application  of  the  resultant  of  the  forces  acting 
upon  it  is  shittM  to  diirereut  positions  along  the  base.  We  will  now  notice  the 
case  where  the  resultant  is  applied  at  a  constant  distance  from  one  end  of  the 
base,  but  where  the  base  is  6f  varying  width,  so  that  this  constant  distance  may 
be  equal  to,  or  greater  or  less  than,  the  half  width  of  the  base. 

Let  Fig.  £  represent  a  side  view  of  a  bar  of  uniform  thicknew  »  i,*  but  (ae 


Fig.E. 


Scale  of  Unit  Presawes  for  Fig.  E. 
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shown)  of  varying  width,  and  subjected  to  pressures,  the  resultant  P«f  which 
is  =  1  *  and  passes  through  the  center  of  that  section  ab  whose  width  is  1.*  f 

*  We  adopt  the  value  1  for  the  pressure  P,  the  width  a  6,  and  the  thickness 
merely  in  order  to  facilitate  the  explanation.  It  is  not  essential  to  the  applica- 
tion of  the  principle. 

t  We  here  suppose  ourselves  dealing  with  a  perfectly  rigid  and  homogeneous 
material.  In  practice,  these  values  would  be  more  or  less  modified  by  yielding 
of  the  particles  under  stress,  by  unevennesses  in  the  surfaces  of  the  suppoaea 
cross  sections,  etc.  Nevertheless,  the  general  principles  here  laid  down  hold 
good. 
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The  presgure  mr  unit  of  area  of  cross  section  (or 
ab  Is  then  _^  _  ,  «-;;-=! p=i»,  and  may  be  assumed 


ujqU  stress  ")  in  the  seetioa 
to  be  uniformly  dls* 


aft  XI 
tributed  over  it. 

But  at  other  sections  of  the  bar  the  resultant  is  nearer  to  one  edge  than  to  the 
other,  and  the  unit  stress  can  then  no  longer  be  assumed  to  l>e  uniformly  dis- 
tributed over  the  cross  section,  but,  as  explained  on  pp.  400  to  403  is  a  max- 
imum at  the  edge  nearest  to  the  resultant,  and  diminishes  gradually  and  uni' 
formly    to  a  minimum  at  the  farther  edae. 

This  is  indicated  by  the  shaded' triangles,  etc.,  fn  Fig.  E  and'  by  the  curves  in 
Fig.  F,  which  show,  for  the  several  sections  in  Fig.  E,  the  mean  unit  stress* 
and  the  unit  stresses  at  the  upper  and  lower  edges  respectively,  calculated  by  the 
rules  on  pp.  i&l  a  and  281  b. 

These  stresses  are  also  given  In  the  following  table: 

P 
lJ»ii  Strc8»C»  in  Ffly.  E ;  the  unit  stress   -  in  section  a  b  being  taken  as  l.f 


Section. 

Width. 

Stress  per  unit  of  area  ol 

cross  section. 

Mean. 

At  lower  edge  m  e. 

At  upper  edge  nf. 

ef 

cd 

ab 

f.\ 

mnf 

4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
1.00 
0.75 
0.5a 
0.25 

t.25 

(^ 
0.50 

4.00 

0.8125 
1.00 
1.12 
1.25 

1^ 

1.00 
0 

=  3^!          1 

-^81251 

—  0.25 
0 

0.82 
1.00 

40.00 

1$  to  |Mn»«rl»i|l'  4#  voUee  that  for  a  giv^  foroe  P,  luid  far  widths  le«e 
tbMB  8  a  ^,  the  it^Dtgest  seotion  oi  this  bar  Ib  not  the  widMl  «ii«,  but  tbait  (a  b)  at 
which  the  xewUtant  P  passes  through  the  center  of  the  eeetien.  In  <iib«'  wordiL 
a  bar  may  be  weakened  by  additions  to  its  ercMM  se<eitlon  if 

those  additions  are  such  as  to  cause  the  resultant  of  the  pressures  to  pass  else- 
where than  through  the  center  of  any  cross  section.  This  fact  is  entirely  inde- 
pendent of  the  weight  of  the  added  portion. 

Among  the  sections  wider  than  ofr,  the  weakest  is  that  {ed)  whose  width 
is  =  1.5afr.    At  that  section  the  lower  edge  me  has  its  maximum  unit  stress 

(=1^^X — r)  while  at  d  in  the  upper  edge  there  is  no  pressure.    Beyond  ed 

the  upper  edge  n/ is  in  tenHonX  and  the  unit  pressure  along  me  decreases,  be- 

p 
•oming  again  =  — -  at  e/,  where  the  width  e/  is  =  3  a6,  and  decreasing  still 

farther  with  further  increase  in  width. 


*  In  the  case  discussed  on  pp.  400  to  403,       the  mean  pressure  un  =  — , 

u  V 
remained  constant  so  long  as  the  entire  surface  u  v  was  called  into  play.    Here, 
on  the  coutrai  y,  the  area  of  the  section  varies.    Hence  the  mean  unit  pressure 
varies  also,  and  inversely  as  the  area. 

t  See  foot-note  *,  p.  462. 

X  In  the  present  discussion,  as  well  as  in  that  on  pp.  400  to  403,  we  have 
assumed  cases  of  eompressum  for  illustration,  but  the  principle  involved  applies 
equally  to  cases  where  the  force  applied  is  tenHle.  In  such  cases,  however,  the 
terms  "  pressure  "  and  "  tension  "  are  of  course  reversed. 

^  The  unit  stresses  at  the  ed^s  in  section  t  k  are  too  great  to  be  shown  con- 
Teniently  in  either  figure ;  while  those  in  section  m  n  (as  the  table  shows)  far 

jp 
exceed  the  limits  of  the  figures.    The  pressure  at  k  would  be  —  =  oc  (infinity) 

were  it  not  for  the  tensions  in  the  lower  part  of  the  section. 
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When  the  width  becomes  las  than  that  at  a  6,  as  at  ^  A,  etc.,  the  upper  edge  of 
the  bar  comes  nearer  to  the  resultant  than  the  lower  edge,  and  heuce  receives 
the  maximum  pressure. 

When  the  width  =  ^a6,  as  at  j^  A,  the  distance  of  the  resultant  firom  tht 
npper  edge  is  %  the  width  of  the  section.    The  pressure  at  the  lower  edge  is 

J*        I  p 

then  =  0 ;  the  mean  pressure  in  p  A  is  — r  X  ;r=i  =  IH  X  ",:» and  the  pressure  at 

p 
the  upper  edge  is  twice  the  mean  pressure  in  p  A,  or  2^  X  —r* 

When  the  width  becomes  less  than  ^  a  6,  as  at  <  Jk  and  m  n,  the  pressure  at  th* 
lower  edge  m  e  becomes  negative  or  tensile.*  Thus,  when,  as  at  t  ik,  the  width 
is  ^  ^a6,  and  the  resultaut  passes  through  the  upper  edge,  the  unit  pressure 

P  p 

at  that  edge  is  =  8  X     .  ,  while  the  lower  edge  sustains  a  tenHon  of  4  X  — r ;  and, 

as  the  section  is  further  reduced,  these  stresses  are  still  further  And  very  rapidlj 
increased. 

The  condition  of  those  sections  (such  as  mn)  where  the  line  of  the  resultant 
passes  outside  the  section,  is  similar  to  that  of  the  section  m  n  of  a  bent  hook 
sustaining  a  load,  as  in  Fig.  G. 


vn 


Fiff.e. 


Fiv.H. 


Messrs.  William  Sellers  A  Co.,  of  Philadelphia,  had  occasion  to  test  a  number 
of  east-iron  beams,  each  having  a  large  circular  opening,  as  in  the  annexed 
figure.  These  beams  broke,  not  at  the  smallest  section  directly  under  the  center 
of  the  opening,  but  a  little  to  one  side,  where  the  section  was  deeper,  as  indicated 
in  Fig.  H:. 
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Fstiyiie  of  Matettellk  Is  the  ftH6irlng  aftkiM  on  Streo^h  of  Mate- 
rials, the  ultimate  or  breaking  load  i«  that  which  wilL  during  its  first  application, 
rupture  the  given  piece  within  a  short  time.  But  WOhler's  and  Spangenberg's 
experiments  show  that  a  piece  may  be  ruptured  by  repeated  applies* 
tions  of  a  load  much  less  than  this ;  and  that  the  oftener  the  load  is  applied  th« 
less  it  needs  to  be  in  order  to  produce  rupture.  Thus,  wrought  iron  which  re> 
quired  a  tension  of  5tf000  lbs  per  sq  iaeh  to  break  it  in  800  applicatioDs,  broke 
with  35000  lbs  per  sq  inch  appliad  abMit  10  million  times ;  the  slnts,  a/Wr  eacli 
application,  returning  to  aero  in  both  cases. 

The  d^  between  the  oMudmamaod  nrinimnm  tenaioa  in  a  piece  subjected  to 
tension  only,  or  between  the  max  and  min  compression  in  a  piece  suUjwfted  to 
comp  only ;  or  the  sum  of  the  max  tension  and  max  comp  iu  a  piece  subjected 
alternately  to  tension  and  comp ;  is  called  the  rttnge  or  strem  in  the  piece. 
Stresses  alternating  between  0  and  any  point  within  the  elastic  limit  may  be 
repeated  many  million  times  without  producing  rupture.* 

For  a  given  number  of  applications,  the  load  required  for  rupture  is  least  whem 
the  range  of  stress  is  greatest.  If  the  stress  is  alternately  comp  and  tension, 
rupture  takes  place  more  readilr  than  if  it  Is  always  comp  or  always  tension. 
That  is,  it  takes  place  with  a  less  ran^e  of  stress  applied  a  given  number  of 
times,  or  with  a  less  number  of  applications  of  a  given  range  of,  stress.  For  a 
given  range  of  stress  and  given  number  of  applications,  the  most  unfavorable 
condition  is  where  the  tension  and  comp  are  eouaL 

The  above  facts  are  now  generally  taken  into  consideration  in  designing 
members  of  important  structures  subject  to  moving  loads.  For  instance,  Mr. 
Jos.  M.  Wilson,  C.  E.,  Mem.  Inst.  C.  E.  (London  Eng.),  Mem.  Am.  Soc.  C.  £.,  uses 
the  following  formulae  for  determining  the  "permissible  stress**  in  iron  ttridges, 
in  lbs  per  sq  inch;  in  order  to  provide  the  proper  area  of  cross  section  fur  each 
member. 

For  pieoet  subject  to  ons  kittd  tffdnss  onty  (all  eomp  or  aH  tension) 


a»    -f /l  1  "*^^  »tress  In  the  piece \ 
*""T\    ~^  max  atcMtiu  the  piece/ 


For  a  piece  sublect  aUemaiely  to  eomp  smd  tension^  find  the  max  comp  and  the 
max  tension  in  the  piece.  Call  the  lesser  of  these  two  maxima  **  max  lesser", 
and  the  other  or  greater  one,  **  max  greater  ".    Then 

max  lesser   \ 
2  max  greater/ 
For  a  piece  whoee  max  eempmdwtax  tension  are  equal,  this  becomes 


.-«t(i-. 


— t(-4)-f 


The  above  •  is  the  permissible  tensile  stress  in  lbs  per  sq  inch  on  any  mem- 
ber ;  but  the  permissible  oompreesioe  stress  ia  found  by  **  Oordoa's  formula"  for 
pillara,  p  4d5,  using  a  (found  as  above)  as  the  suroerator,  instead  of/.  For  a  in 
the  difdsor  or  denominator  of  Gordou's  formula  (which  must  not  be  confounded 
with  the  a  of  the  foregoing  formulae)  Mr.  Wilson  uses  for  wroofbt  iron : 

when  both  ends  arefixed.<~ 86000 

when  one  end  is  fixed  and  one  hinged 24000 

when  both  ends  are  hinged-.... » 18000 

Experiments  show  thai  materials  may  fail  under  a  lony  eontlnned 
■toe—  of  much  less  intensity  than  that  produced  by  the  ult  or  bkg  load. 

*  This  does  not  slwsys  hold  in  oaam  where  the  elastic  limit  has  been  artifleially  raised 
bv  process  of  manufiM^ure,etc.  Oft- repeated  alteroatioos  between  teosioo  and  compres- 
sion below  such  a  limit  reduce  it  to  tbe  natural  one.  ▲  slight  flaw  may  cause  rapture 
under  comparatively  few  applicatious  of  a  range  of  stress  but  little  greater,  or  even  leas, 
than  the  elastic  limit.  Rest  between  ftresses  increases  the  resisting  power  of  a  piece. 
In  many  eases,  stresses  a  little  beyond  the  elastic  limit,  even  if  oft-repeated,  raise  that 
limit  and  the  strength,  but  reader  the  piece  brittle  and  th^more  liable  to  rupture  h-om 
■hocks ;  and  a  JHtle  further  inorease  «f  stress  rapidly  lessens,  or  may  entirely  destroy, 
the  elasticity.  A  tensile  stress  above  the  elastic  limit  greatly  lowers,  or  may  even  destroy, 
the  eon^euine  elasticity,  and  vice  versa.  If  a  tensile  stress,  by  stretching  a  piece,  reduces 
its  resisting  area,  it  may  thus  reduce  its  total  strength,  even  though  the  strength  per 
•9  «fi  has  increased.  Mr.  B.  Baker  finds  that  hard  steel  fitUgues  much  faster  under  re- 
peated loads  than  soft  steel  or  ima. 
t  a  =  6600  Iba  per  aq  inch  for  rolled  iroo  in  oompresrioQ 

eTOOOTbt        "  "  ♦'    tension  (pi At«8  or  ah Ape<).       C -.r%r\n\p^ 

»  7600  lbs        •«  fbr  doable  roUed  iron  in  lenaion  (linkH  or  rod*:i.^^^^a 
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TRAMSVEBSB  STMEHGTH. 

!•  In  Statics,  %%  285,  etc..  we  disciias  the  action  of  external  or  destruo- 
tive  forces  uj^n  cantilevers^  beams  and  trusses.  We  here  discuss  the  reac- 
tion of  the  internal  or  resistini;  forces  (stresses)  in  solid  cantilevers  and 
beams,  in  order  to  determine  their  loads.    See  also  Trusses. 

2.  Unless  otherwise  stated  or  appaieni,  we  assume  that  the  stresses  in  all 
puis  of  the  cantilever  or  beam  are  within  the  elastic  limit. 

Conditions  of  Eqallibrtum. 

3*  For  equilibrium,  the  internal  forces,  and  their  moments,  must  balanoe 
the  external  forces  and  their  moments.  In  other  words,  if  the  cantilever  or 
beam  be  supposed  cut  by  a  section  at  any  point,  we  must  have 

2  vertical  forces  =  0 
2  horizontal  forces  =>  0 
2  moments  =  0 

Or: 

(1)  Algebraic  sum  of  the  internal  vertical  8ire»$ea  ~  algebraic  sum  of  the 
external  vertical /orcM  on  either  side  of  the  section; 

(2)  Sum  of  horizontal  tensile  stresses  —  sum  of  horizontal  compreuive 
stresses;  and 

(3)  Algebraic  sum  of  the  moments  of  the  internal  aire9»e$  >•  algebraic 
sum  of  moments  of  external  forcee  on  either  side  of  the  section. 

4.  Cantilevers  and  beams  of  uniform  cross-section  have  usually  a  super- 
abundance of  strength  against  shearing,  and  fail  (if  at  all)  nekr  tht 
middle,  where  the  bending  moment  is  grsaiest.  Henoe  thft  diseuasion  of 
their  resistance  turns  principally  upon  equilibrium  of  momenta.  For  their 
resistance  to  vertical  shear,  see  Statics,  ft  325,  etc.,  «nd  p.  499.  See  also 
Horisontal  Shear,  fH  51  to  53,  briow. 


5*  For  equilibrium,  therefore,  the  resisting  moment,  R  (>•  the  sum  of  the 
resisting  moments,  r,  of  all  the  partides  in  any  cross-eeetion'of  the  canti- 
lever or  beam,  Fig.  1  or  2);  must  be  equal  to  the  bending  moment,  M,  or  alge- 
braic sum  of  the  momMits  of  all  ^e  external  forces  on  either  side  of  the 
section. 


Beaotions  of  Fibers. 

6*  In  a  trma  or  framed  beam  (see  Trusses)  the  resistance  of  each  of  its 
two  chords  is  regarded  as  acting  in  a  line  passing  throuji^  the  centers  of  grav- 
ity of  the  cross-sections  of  the  chord;  but,  in  a  solid  cantilever.  Fig.  1,  or 
beam.  Fig.  2,  the  total  resisting  moment  is  the  sum  of  the  separate  resisting 
moments  of  the  several  fibers  throughout  the  cross-section. 

Neutna  Surface*    Neutral  Axis. 

7.  When  a  cantilever  (or  beam)  bends,  the  fibers  in  the  upper  (or  lower) 
part  of  each  cross-section  are  extended,  while  those  in  theJower  {or  upper) 
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BMt  are  compressed  (see  Fies.  1  and  2);  the  extension  and  oompieftfon 
being  sreatest  at  th#  top  ana  bottom  of  the  section,  and  thence  decreasing 
uniformly  inward  tqward  a  surface,  n  n.  Figs,  (a),  neat  the  center  of  the 
crosa-aection.  In  this  surface,  which  is  called  the  neutral  surface*  the 
fibers  are  neither  extended  nor  oompressed.  The  line,  o  o.  Figs.  (6),  fonled 
by  the  intersection  of  the  neutral  surface  with  any  cross-eeotion  of  the  canti- 
lever or  beam,  is  called  the  neutral  axis  of  that  section. 

8.  In  order  that  the  algebraic  sum  of  all  the  horizontal  stresses  in  the 
cross-section  may  be  zero,  as  required  for  equilibrium,  the  neutral  axis  must 
pass  through  the  center  of  gravity  of  the  section.  Hence,  the  neutral  sur- 
face passes  through  the  centers  of  gravity  of  all  the  cross-sections. 

9.  The  neutral  axis  may  be  found  by  balancing  the  section  (cut  out  of 
cardboard)  over  a  knife-edge.  Or  see  Center  of  Gravity,  under  Statics.  Jl 
125,  etc.  Every  section  has  an  indefinite  number  of  neutral  axes,  all  pacing 
through  its  center  of  gravity  in  as  many  different  directions.  The  axis  re* 
quired,  in  any  given  case,  is  that  one  which  is  normal  to  the  plane  eft  the 
bending  moment  under  consideration. 

^  In  the  following  discussion,  we  assume  that  the  neutral  axis  of  the  see*- 
tion  is  normal  to  the  line  of  action  (usually  vertical)  of  the  load,  as  it  gen- 
erally is.  For  other  cases,  as,  for  instance,  the  case  of  roof  purlins,  see 
''The  Determination  of  Unit  Stresses  in  the  General  Case  of  Flexure/*  by 
Prof,  L.  J,  Johnson,  Boston  Soc.  of  Civil  Engineers,  in  Jour.  Ass4i  ot 
Eng'x^  Sees.,  vol.  xxviii,  No.  5,  May,  1902, 


Bcaistins  BKomuit.    Unit  I 

10*  It  is  assumed  that  the  extension  or  compression  of  each  fiber,  and 
therefore  the  r^isting  force  actually  exerted  by  it,  is  proportional  to  ite 
verfeieal  distance,  ^  above  or  below  the  neutral  axis. 


*.1..J 


In  Tig.  3,  let 

T  —  ^e  dietanoe  from  tlie  lieutral  axis,  o  o,  to  the  fiber  fartheel  from 

that  axis,  either  above  or  below  the  axis ; 
S  -•  the  unit  stress  in  said  farthest  fiber; 
t  «  the  distance  from  tne  neutral  axis  to  any  given  fiber; 
a  —  the  unit  streps  i^  said  gjvien  fiber; 

a  —  the  area  of  said  Siven  fiber;        .    .       .-  .... 

F  —  the  total  stress  in  said  given  fiber; 

the  resisting  moment  of  said  given  fiber  about  the  neutral  a^; 

bending  moment  at  the  cross-sectipn  under  coQ$ider<ttion; 

the  resisting  moment  of  the  entire  cross-section ; 

S  r  ■■  the  sum  of  the  resisting  moment^  of  all  the.  fibers  * 

the  moment  of  inertia  of  the  crossHsection.     See  ^1[  14^  etc.; 

S  <>  a  -■  thesum,  for  all  the  fibers,  otfia; 
I        R 


R 

I   - 


X  '  the  section  modulus,  —  • 


^.     See  1(125.  etc. 


F,  is  -  o  »  —  I 


;  and  its  resisting  moment, 


'T 
,  ja-  Fl  -«  Sa 


Then  the  unit  stress,  in  any  given  fiber,  is  «  «  —  S 
i 

T 
the  resisting  mometit,  I^  of  the  entire  section,  is 

R-M-ar-aSa^-    |.ail>a-^ 
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Since, 

ST  S        « 

—  =  — ,  it  follows  that  m  =*  ,T»  ^^^ 

R   -   M  =   ^  .  I   =   J  .  I. 

The  resisting  moment,  R,  is  -•  S  X,  and  the  moment  of  inertia,  I,  ••  TX. 
When  beams  are  tested  to  destruction,  the  value  attained  by  S  is  called 
the  Modulus  of  Rupture. 

11.  It  will  be  noticed  that  the  strengths  of  similar  beams  of  any  shape, 
and  those  of  rectangular  beams,  whether  similar  or  not,  are  directly  propor- 
tional to  the  product,  width  X  square  of  depth.     See  t  63. 

12,  When  the  stress,  S,  upon  the  extreme  fibers,  is  —  the  elastic  limit  of 
•the  material,  failure  is  imminent.  The  permissible  unit  stress  is  usually 
taken  as  not  more  than  half  the  elastic  limit,  and  the  safe  load  is  that  under 
which  S  does  not  exceed  the  permissible  unit  stress. 

13*  The  same  quantity  of  material  that  composes  a  solid  beam,  Fig.  2, 
iffould  present  greater  resistance  to  bending  or  breaking  if  it  were  cut  in  two 
lengthwise  along  the  neutral  surface,  n  n,  and  converted  into  top  and  bot- 
tom chords  of  a  truss;  because,  first,  the  leverage  with  which  the  resistance 
acts  is  thus  greatly  increased;  and,  second,  the  depths  of  the  chords  are  so 
small,  compared  with  their  distances  from  the  neutral  axis,  that  their  fibers 
may  be  assumed  to  act  unitedly  and  equally.  Hence,  practically,  all  the 
fibers  in  the  upper  chord  must  be  crushed,  or  all  those  in  the  lower  pulled 
apart,  at  the  same  instant,  before  the  truss  can  give  way;  whereas,  in  the  solid 
beam,  the  extreme  upper  or  lower  fibers  yield  first ;  then  those  next  to  them, 
and  so  on,  one  after  the  other. 

Moment  of  Inertia. 

14.  Unlike  the  moment  of  a  fords;  which  is  the  product  of  a  force  and  a 
distance,  the  moment  of  ixrertia,  being  the  sum  of  the  products  of  areas  of 
fibers  b^  the  squares  of  their  distances  from  the  neutral  axis,  is  a  purely 
geometrical  quantity.  Thus,  the  moment  of  inertia  of  a  ^iven  section  de- 
pends solely  upon  the  dimensions  and  shap>e  of  that  section,  and  is  inde- 
pendent of  the  material  and  the  span  of  the  beam  and  of  the  manner  in 
which  it  is  supported  or  loaded. 

Unit  of  Moment  of  InertiA.  T^e  moment  of  inertia  of  a  figure 
being  the  product  of  an  area  by  the  square  of  a  distance,  its  unit  is  the 
fourth  power  of  a  unit  of  length.     Thus,  in  a  rectangle  3  ins.  wide  and  4 

ins.  deep,  I  =»  -j^  =  — ^o —  "*  IT  "*  ^*  biquadratic  inohee  =•  16  inch*. 

1  X  6* 
In  a  rectangle  1  inch  wide  and  6  ins.  deep,  I  =»  —  ~ —  -•  18  inch*. 

15*  Comparing  similar  sections  of  any  E^pe,  their  moments  of  inertia 
(K)R>^4wf|i'«ta«ag«faerNMe'<^hU^  are  proportional  to  the  product,  breadth  X 
cube  of  depth. 

16.  The  followingr  Illustrated  table,  pp.  469-471,  gives,  for  several 
figures  of  frequent  occurrence, 

(1)  I    —  the  moment  of  inertia  —  S  f*  a; 

(2)  T    —  the  distance  from  the  neutral  axis  to  the  farthest  fiber; 

(3)  X  —  the  seotion  modulus  —  >f  "  "t"  ""  "S  "*  S  ' 

(4)  A    —  the  area  of  the  cross-section. 

17.  In  sections  where  the  distance  from  the  neutral  axis  to  the  lower- 
«ioat  fiber,  aaad  the  corresponding  section  modulus,  differ  from  those  (T 
%nd  X)  pertaining  to  the  uppermost  fiber,  those  corresix>nding  to  the 
bwermost  fiber  are  distinguished  as  T'  itnd  X'  respectively^ 

18.  In  each  figure  the  neutfal  axis  is  indicated  by  a  h^isontal  line 
Tossing  the  section.  >^  i 
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19«  The  moment  of  inertia  of  any  fisure,  about  its  neutral  axis,  is  the  sum 
of  the  moments  of  inertia  of  its  severalparts,  about  that  same  axis. 

SO*  Let   I  —  the  moment  of  inertia  of  the  entire  figure  about  its  neutral 
axis,  o  o; 
%  —  the  moment  of  inertia  of  any  part,  about  the  neutral  axis, 

o  0^  of  the  entire  figure; 
m  —  the  moment  of  inertia  d  that  part,  about  its  own  neutral 
axis; 

a  —  the  area  of  that  part; 

t  —  the  distance  of  its  center  of  gravity  from  the  neutral  i 
o  o,  of  the  entire  figure. 

Then  I  ■■  2  i;  and  %  "   m-\-afi, 

31.  Thus,  in  Fig.  4, 

.      ,BD» 


12 


4-  B  D  <i«; 


and    I  —  ii  +  ^. 


H-^  +  irftf; 


•-»-> 


€ 


4(     - 


ng.  4. 


Fly.  5. 


Z2*  Hence,  in  aiur  hollow  section,  as  in  the  hollow  rectangle.  Fig.  5,  let 
I'  —  the  moment  of  inertia  of  the  whole  figure  (including  both  the  shaded 
and  the  unshaded  rectan^es),  i  «  that  of  the  missing  or  unshaded  rectang^eL 
and  I  —  that  of  the  shaded  portion;  all  referred  to  the  neutral  axis^  oo,  ^ 
the  thaded  portion.    Then  I -•  I'  —  i. 


Fly.  6. 

23.  In  the  case  of  an  irregular  section,  as  fig.  6,  let  the  section  be  divided 
into  nmnerous  strips,  parallel  to  the  neutr^  axis  and  narrow  enough  to  be 
considered  as  rectangular;  and  proceed  as  in  1[1[  19  to  21. 
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•  The  narrower  the  etiipe  mre  taken;  the  leoe  m  beoomes.  If  the  strips 
Jcen  00  narrow  (relatively  to  the  depth  of  the  eeotioit)  that  m  may  be 
€ted,  then  I->2l*a,asinYI0.  The  stripe  need  not  be  of  uniform 
I, 

The  Section  Modulus. 

a 

•  Deflnltloii.  If  the  resisting  moment,  R  <»  -i^,2fi  a,  be  divided 
le  unit  ikresB,  S,  Sn  the  extreme  fibers,  the  quotient^  X  -  ^  -  -^^ 

,  is  called  the  SeoUon  Modulus.     Ttib^  like  the  moment  of  faiertia,  tlT 

tc^  is  a  purely  o^ometrietd  quantity,  dependins  solely  upon  the  dimen- 
and  shape  of  the  section,  and  beioc  independent  of  the  material,  of  the 
,  and  of  the  manner  of  loading. 

•  Having  the  section  modulus,  X  we  have  only  tc  multiply  it  by  the 
itresi^  S,  in  the  extreme  fibers,  in  order  to  obtain  the  resistmg  moment, 
V  B-SX. 

.  Multiplying  the  seetiqn  nu>dalu&  X,  by  the  distance.  T,  from  the 
tX  axis  to  the  farthest  fibenv  we  obtam  the  mooisnt  of  SnOTtia,  I;  or, 

rx 

•  The  section  modulus  is  imasny  given  in  tables  of  rolled  beams,  chan* 
mddmpes.    See  tables  of  Caniegte  Beams,  etc. 

Lotting,    Strength* 

•  The  following  Illustrated  tnblv  gives  themaximum  moment,  M, 
eponding  to  a  given  load,  W«  and  th»  load,  W,*  corresponding  to  a 
I  unit  strsas,  St  for  different  conditions  cf  support  and  of  loading.  In 
bable. 

M  "■  maximum  bending  moment; 

V^  —  the  total  extraneous  load  *  on  the  beam,  whether  ooncenttated 
at  one  point  (as  shown)  or  uniformly  distributed  oyer  the  span; 
I  ■■  the  span; 
S  —  the  unit  stress,  in  the  fibers  farthest  from  the  neutral  axis^  due  to 

the  extraneous  load,  W;  • 
T  -•  the  distance  from  the  neutral  axis  to  the  farthest  fibers] 
I  ■■  the  moment  of  inertia. 

rectangular  beams^ 

h  -•  breadth; 
d  -depth; 

I  -•  moment  of  Inertia  •«  -js-; 
**  "  WhW 

the  two  diagrams  under  each  loading;  the  first  repreeeots  the  mo* 
s,  &nd  the  second  the  shears,  in  the  several  parts  of  the  span. 

.  If  S  -■  the  permissible  unit  fiber  stress,  then,  in  the  foregoing  formulas, 
the  permissible  extraneous  load.* 

.  Itwillbenotioedthat  the  strengths  of  similar  beams  are  proportional 

sir  values  of  -y- ;  t.  e.,  the  strengths  of  beams  of  similar  cmas-eeetions 

ireotly  proportional  to  their  breadths  and  to  the  squares  of  their  depths, 
Qvenely  proportional  to  their  spans. 


*  The  beam  is  here  supposed  to  be  without  weii^t.    SeetY^«tc. 
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For  STttibols,  eie« 
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Symboli  In  Table  Oppottte. 

S  -  lait  ntnMt,  du«  to  W«  lathe  tettrmbm  &beni$ 
T  —  distance  m>m  the  Beutral  aua  to  the  extreme  fibenr 
I  -•  moment  ox  inertia;  M  -•  meaumum  bendinc  moment  J 

W  -  load;  I  *■  span. 

In  rectangular  beams, 

fc=  breadth,  W  Z  w  -  t  ft  **  <^ 

5=  depth.  ''"8T3S'  W-nS-p. 

Beam  1  Inch  ISquare*  1  F5ot  Span* 
31^*  in  a  beam,  1  inch  sgnare  and  1  foi)it'  (l^inohce)  span,  sappekied  iit 
th  eotds,  we  have,  f  onr  the^extraneoua  center  load :  * 

'  _  &.?|*  -  «8^  -  s.g^fjs  i  |:  Us-  WW. 

88*  To^  any  othet  reotanculitr  beam.  Ie4 1#  *•  tbe  qmwl  In  feet.  Then  the 
ti:^eQU3, center  load,*  W,  leqiiiwri  to  produce  fhe  eame  vadt  etraai,  S,  in 
B  extreme  nbers,  is 

34»  Ihus,  for  yellow  pine,  let  S  —  the  penmatibl*  tmit  streda  ^  y  tbi 

3240 
tstio  limit  -  -—^  -  1620  Ibe.  per  eq.  in,    Tbenr  for  ^  beam  I  Ilibh  Square, 

Foot  4pan,  supported  at  both  ends  and  loaded  At  eenter;  Hba  ittifitiUafb^ 
id,«W\is  ^       ^  ^^ 

^12  "B  )F  ""^«»- 

(L  for  a  jcdst,  3  X  12  ine^  20  ft.  span;  the  perminible  extraneous  *  eteter 

W  -  W'^  -  90  X  2.y^^  r  l^ibe.; 
id  the  permissible  extraneous  uniform  load  is  »  2  T^  ^  2  X  ^044  =  38S8 

8. 

35.  If  the  load,  W.  the  span,  L,  and  the  coefficient,  W,  are  gnrea,  we 

'W  L 

ive  b  <jP  ^  laaf~'     Thus,  in  the  case  of  the  yellow  pine  joist,  mentioned 

t  34,  of  20  ft  span,  with  a  uniform  extranediis  *  load,  whWe  '^  W  ^ 
X  1044  =  3888  lbs,,  we  have  6  d»  =  ^^  =         ^       -  432. 

36.  Then,  if  either  b  or  <<  is  given,  the  other  is  eMily  found.  If  not, 
^gn,  to  either  of  them,  an  arbitrary  raltw.     Thus,  if  6  =  6,  we  ksptb  €P  => 

|-  -  72;  and  J  =  V  72  =  say  8^.'    With  6  =  3,  <P  =  I4f  and  cf  ^  12. 

3?.  With  the  Slide  rule,  in  the  foMoing  example,  place  the  runnerat  432; 
d,  assuming  6  —  0,  place  1  fo^  10)  on  the  elide,  opposite  0  on  the  rule, 
len,  in  the  scale  of  square  robts,  on  the  slide,  oppoi^  432  on  the  rule,  will 
found  838  and  265.  The  former  of  these  represents  the  desired  root,  and 
i  take  8.5  as  a  sufficient  approximation. 

38.  If  the  relation,  S  -  18  W,  held  beyond  the  elastio  lunit.  mn4  if  W'  •» 
e  center  breaking  load,  in  Ibeu,  on  a  beam  of  any  materiaL  1  inch  square, 
t.  span,  supported  at  each  end ;  then,  for  any  other  beam  of  the  same  mate- 
i,  and  of  breadth  &  ins^  deptii  d  ins.,  and  span  L  ft.*  the  center  brtcUnno 

idwouldbe  W  -  W' ~^. 

39.  Notwithstanding  the  defebtive  baMs  of  this  method,  as  applied  to 
ids  beyond  the  elastie  limit,  its  simplicity  renders  it  Yeryconv^ment,  and 
is  nhuch  in  uss.  See  the  following  table  of  values  of  W%  and  example,  ^  40. 

*  The  beam  is  liere  apposed  to  be  without  weight.  For  the  weight  of  the 
am  itself,  see  lit  42,  etc. 
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Center  Breaking  liOads*  W^  in  Pounds,  for  Beami  1  Inch 
Square,  1  Foot  Span,  Supported  at  Each  End. 


WOODS. 

-4**,  English W 

♦*    Amer  White  (Author).  P 

**    Swamp ...•.  ^ 

•*    Black S 

Arbor  Vitm,  Amer »  O 


BaUam,  Canada..... 


e8 
•SI 


Birehf  Amer  Black.... 

"      Amer  Yellow ;^  B 

CedoTf  Bermuda  ...^ wm 

**      Guadaloiipe^. §  g* 

««      Amer  White, XiZ 

orArborVit«.«..j  Q^ 

Chatnui »3  S 

Xlm,  Amar  White ^.....  o,S 

**    Rock,  Canada.^ ..•« 

Bemloac ^-f- 

Hickory,  Amer^..  m  g* 

«    Bitter  nut-...  g- 1 

£roH  Wood^  CMi»da.^..»^.««  ^ 

Locutt ^S 

Lignum  Vitm -  . '  1 

Mahoganjf »»..     2L 

Jfon^roM,  White ^ 

**  niar.lr.  . J 

Soft. *.!.'!."!!     ^ 

Oak,  JBnglish. » .^ ...... 

*    Amer  White   (by  Author). 
**      Red,  Black,  Basket... 

•♦     U^B       ...« 

«n«,  Amer  White...(by  Author). 
"       •*      Y^low    "        " 
••       •*      Pitch       **        •*     . 
•*    Georgia    » — .« 

I^iplar. ^ 

Poim. , 

£ktniee 

&fcamore.„^. 
Tamarack.^... 

Walnut 

WtOow .... 


Black 
Ma^  Black 


.  (by  Author). 


Brau 

Jton^  ca$t^  1800  to  27O0....average 

"       **    common  pig 

••       •*    castings  firom  pig 
•*       *•    employed    in  our  ta- 

••       "    for  castingi'iu  or  8 
ins  thick.... 


ivn,  wrought,  1900  to  2600... ..aT 
Wrenght  iron  does  not  brMk; 


W 

650 
650 
400 
600 
260 
860 

860 

650 
850 
400 
600 

250 

460 
659 
800 
500 
800 
800 
600 
700 
650 
400 
769 
680 
660 
750 
?60 
560 
000 
850 
600 
460 
600 
550 
850 
650 
700 
460 
660 
600 
40O 
750 
660 
860 


860 
2t00 
2000 
2800 

2025 

18001 
2260 


bat  at  about  the  ayerage  of  2200 
lbs  its  elas  limit  is  readied. 
SUd,  hammered  or  rolled;  elas 
destroyed  by  8000  to  7000„ 
Under  heary  loads  hard  steel 
snaps  like  cast  iron,  and  soft 
steel  bends  like  wrought  iron. 

BtOJnB^no, 

Blue  tiontfiagging^  Hudson  BiTer 

B^ridk,  common,  10  to  SO.«arerage 

**      good  Amer  pressed,  80  to 

50 aTetage 


Concrete,  see  article  on  Con- 
crete. 


QranUit,  60  to  150 4iTerage 

"      Quincy *.♦ 

GUjm,  MiUyille,  N.  Jersev,  thick 

flooring ....  (by  Anthor). 

Jfortar.  of  lime  alone,  60  dan  old 

**     1  measure  of  slacked  lime 

in  powder.l  sand 

■*     1  measure  of  slacked  Ume 

in  powder,  2  sand 

JisrUs,  ItaUan,  WUte  (Anther) 
»•  Manchester,  V^  "  " 

"  Bast  Dorset,  Vt,  «  " 

**  Lee,  Mass,  **  ** 

"  Montg*yCo,Pa,Gray  " 
"  «  "  Clouded  « 
••  Rutland,  Vt,  Gray  " 

•  Glenn'sFaMto,N.YJ3tock  - 
**  Baltimore,  Md,  white, 

coarse " 

OoUtes,  20  to  60..^..^ 

SamdMUMUty  20  to  70 ayerage 

*«       Bed  of  Connecticnt  and 

New  Jersey....*.... 

5tofa,latdonitobed,200to450,aT 


126 

20 


40 
96 


100 
100 


170 
10 


7 
llfl 

^% 
111 

8f 
108 
142 

70 
165 

102 
86 
46 

46 

826 
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40*  Example.    In  the  ytXiaw  jAn»  joist  of  It  84  and  86,  3  X  12  ins^ 

I  ft.  span,  we  have,  from  the  table,  W  —  say  500  lbs.    Hence 

Center  breaking  load  •  W  -  W  ^  -  500  X  3  X  144  ^  ^^^^  ^^  ^ 

out  5.5  times  the  permissible  load*  found,  by  means  of  the  permissible  unit 
res8,in  134. 

Dimensions. 

41.  SinoeW-nS-^  -  W -^.  and  W  -  ^,  we  h»v»  • 
Breadth  -fr-     jW^-     ^; 


iz 


Depth       ...^J|^.^WL. 

lere  W    ■■  extraneous  load  *  mqidred; 

W  ■■  extraneous  load  on  beam  1  inch  square,  1  ft.  tpMit 

n    •■  coefficient  from  last  column  of  table  «*  gx^S 

M  unit  fiber  stress; 
»  span  in  inehee; 
■■  span  in  feet. 

Weight  of  Beam  Considered  at  I<oad. 

%2.  For  shnpKcity  we  ha?e  hitherto  rmrded  our  c&itUevers  and  beams 
having  no  weight  of  their  own ;  and,  in  beams  of  the  moderate  dimensioM 
lally  employed  in  buildiiMS,  their  own  weight,  i»,  is  so  small,  in  comparison 
>h  their  loads,  W,  that  it  may  often  be  safely  aegieoted ;  but  in  larger 
ims  it  must  generally  be  taken  into  acoount.  The  loads,  found  a»  above^ 
;h  S  —  greatest  permissible  unit  stress,  nnist  then  be  regarded  as  ineluding 
/  only  the  extraneous  load,  W,  but  also  the  weight,  w,  of  the  beam  itself, 
a  length  «>  span. 

13.  If  the  beam  is  prismatic, — ».  «..  of  imiform  cross-eection, — its  weight, 
lets  as  a  uniformly  distributed  load,  and  we  have,  fdrthe  extraneous  load, 
in  the  case  of  a  concentrated  center  load  on  a  beam*  or  of  a  oonoentratea 
d  at  the  end  of  the  span,  2,  in  cantilevers, 

W -whole  load— jt 
he  case  of  a  uniform  load, 

*  W  -  whole  load  — «. 

4.  In  finding  the  breadth  or  the  depth  of  a  rectangular  beam; 
uiied  i»  eairy  a  given  load  wi«h  a  given  span  and  given  umt  stteoib  'we 
jr  provide  for  the  weight  by  successive  approximatioos.  Thus, 
r5.  To  find  the  breadth,  6,  required  for  a  beam  of  given  depth,  d. 
Meeting  the  weight,  w,  of  the  beam,  find  the  first  approximate  breadth,  6, 
the  formulas  in  Y  4U  lor  the  extraneous  load,  W.  Next,  calculate  ttiui 
ght,  to,  of  a  beam  with  width,  b,  treat  SMd  wei^  as  a  uniform  load;  and* 
the  same  fbrmulasjfind  the  additional  breadtn,  b^  required  to  carry  this 
itional  load,  w.  Then  6  +  b'  —  a  second  approximate  breadth.  If  nee* 
try,  find  the  weight, «/,  of  a  beam  of  breadth,  l/,  and,  from  this,  a  second 
itional  breadth,  b*\  required  to  carry  it.  Then  6  +  ^  4*  b''  •-  a  third 
roximate  breadth,  and  so  on. 

6*  To  And  the  depth,  d,  required  for  a  beam  of  given  breadth,  b; 
1  a  first  approximate  depth,  d,  by  the  formula,  ^  41.  for  the  extraneous 
i,  W.    ^nd  the  weigblv  v.  of  a  beam  of  that  depth;  and  again  apply  the 

Qula,  using  (in  place  ofW)W  +  ti>ifWisa  uniform  load,  or  W  +  ^  if  W 

concentrated  load.    The  depth,  d',  so  found,  is  a  second  approximation* 

the 


mav  again  appl]^  the  formula,  as  before,  using  the  weight,  u/,  of  beam  of 
th  a' I  or,  more  simply^  increase  the  breadth,  as  in  If  45. 


The  beam  is  heie  eupposed  to  be  without  weight.    See  tt  42,  etc. 
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47S  STBSirQTH  OP  UATmSOAlS. 

47.  In  practiM,  beams  of  rytsggulur  B^otian  are  alinQst  fdwAyBof  timkfr: 

and  such  beams  are  economically  obtainable  onlv  in  certain  commeceiai 
Hence,  the  second  approximation  will  usually  be  all  that  is  requirea. 


Streii|^li9  and  Weights  of  Similar  Beams  of  Different  Dimen« 
sions.    Comparison  between  models  and  Actual  Structures. 

48.  In  any  given  beam,  let  Wi  —  the  load  causing  any  given  unit  stress, 

S.    Then,  Wi  —  - — j (for  n,  see  table,  p.  474) ;  and,  in  any  similar  beam, 

of  a  times  the  breadth,  depth  and  span,  the  COTresponding  load,  W  -• 
^  ^  *oV  ^'  ^^^^*  ^®  ^^^^  ^'  ***®"^  ^^'^^  "•  If  **  •*'  ^  W  -  o*  Wi« 
but  the  ratio  of  their  loeighta  is  ^  -■  'bd  I     "■<•*»  ^  V  "■  <»* «>i. 

49*  In  other  words,  oomi>aring  one  beam  with  another,  of  a  times  its 
breadth,  depth  and  span,  their  atr^ngtikt  are  as  the  9iiuar€$  of  their  reap«BliTt 
dimensions ;  but  th^  wtighit  are  as  the  oub^  of  those  dimensions. 

60*  Hence,  if  a  model  of  a  beam  wiU  just  break  under  a  uniform  load 
(inoludiii|(  its  own  weight,  id)  —  2,  3  or  4,  etc.,  times  its  own  weight,  then  a 
beam  of  sunilar  crossHsection,  but  of  2,  3  or  4.  etc*,  times  its  breadth,  depth 
and  span,  will  just  break  under  its  own  weight  alone* 

HorUon^    ^eiM-« 


01.  When  (Figs.  7  and  8^  deflection  occurs  in  a  eantilever  or  beam  ecsn- 
posed  of  separate  hprisontal  layers*  Hke  a  pile  el  loose  boards^  the  aeYeraJi 
la^rs  slide  upon  eaidi  other;  but,  if  they  are  firmly  joined  together,  or  other* 
wise  prevented  from  sliding,  they  exert,  upon  each  other,  a  horisontal  sb^tr- 
ing  force.  In  any  seotion,  this  force  diminishes  uniformly  firota  a  maxi- 
mum, at  tlie  neutral  siurf ace,  nn,  to  sero,  at  ttie  topand  bottomott]{»e  section. 


PUr.  9.  Fiff.  •• 

09.  In  any  section  of  a  reetangular  beam,  the  maximum  horisontal 
shear,  per  unit  of  neutral  eurfaoe,  is 

H-  *^. 

where  V  ->  the  vertical  shear  in  the  seotion,  and  4  and  d  •«  tike  breadth  and 
the  depth  of  the  section,  respectively. 

In  words,  the  unit  horisontal  shear,  at  any  point.  Is  direotly  pro* 
portional  to  the  vertical  shear  at  that  point.  Henoe,  the  horisontal 
shear  diagram  is  similar,  in  character,  to  the  vertioal  shear  diagram; 
but  is  opposite  in  sense,  positive  vertical  shear  corresponding  to  nega- 
tive horizontal  shear. 

53*  If  the  horisontal  shear  Is  resisted  by  a  fastening  applied  at  only 
one  point,  said  fastening  must  be  made  suffioiently  strong  to  resist  the 
turn  of  aU  the  horisontal  shears  between  such  point  and  tnat  where  the 
shear  is  -•  0. 

64*  In  Fiff.  9,  diagrams  (h)  and  (c)  show  respectively  the  moments 
and  the  vertioal  shears  due  to  concentrated  and  distributed  loads  on  a 
beam  as  shown;  and,  in  Fig.  (d),  each  ordinate  represents  the  force' 
which  must  be  applied,  at  the  corresponding  point,  in  order  to  resist 
the  sum  of  all  the  horizontal  shears  between  that  point  and  the  point 
of  zero  shear.  Ordioates  above  a  zero  line  indicate  positive  moments  or 
shean,  and  vice  versa.    In  pouHve  moments,  the  isiaisiiiil  to  the  ktf^of  a 
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ion  tends  to  turn  clockwise.  In  positive  shears,  the  Z«/i-hand  segment 
Is  to  slide  upward  or  the  upper  segment  to  slide  toward  the  right. 
ween  o  and  c,  between  c  and  d,  between  g  and  h,  and  between  h  and 
11  the  diagrams  are  straight  lines,  Figs.  (6)  and  (d)  being  inclined, 
Fig.  (c)  horizontal.  At  c  and  at  h.  Figs.  (6)  and  {d)  change  their 
ination,  and  Fig,  (c)  shifts  its  position.  Between  d  and  /,  and 
iveen  /  and  g  (t.  c,  under  the  distributed  load),  Figs.  (6)  and  («il  are 
ibolio  curves,  and  Fig.  (c)  shows  inclined  straight  lines.  At  /,  Figs. 
and  {d)  change  curvature,  and  Fig.  (c)  shifts  its  position.  At  e,  the 
it  of  maximum  moment,  Figs,  (c)  and  id)  change  signs.  See  Kelation 
ve«n  Moment  and  Shear,  Statics,  1[1[  359  to  368. 


>•  Inasmuch  as  the  horisontal  shear  is  a  resistance  to  bending,  its  neg^eci, 
le  common  theory  of  beams,  as  heretofore  explained,  is  in  geper^  on  ths 
of  safety.  But,  in  beams  oompocRsd  of  faonsontal  layeis.  mea^  mu^l 
rQvided  for  its  transmission  from  one  lajrer  to  the  next. 

f 


-^ 


■X 


<r-ri # <^^> ^ i# 

I 

Fl«.  10« 

3.  Thus,  deep  wooden  beams,  Fig.  10,  are  frequently  built  up  of  two  or 
e  timbers^  onf  above  the  other.  In  order  to  prevent  deflection,  due  to 
sliding  or  these  timbers  upon  eao]^  other,  blocks  are  inserted  between 
n  at  intervals,  ap  shown,  or  the  adjacent  sides  of  the  timbers  are  so 
;hed  as  to  interlock.  In  either  case,  the  timbers  are  ti^tly  bound 
!ther.  The  blocks  or  notches  then  serve  to  transmit  the  horizontal  shear 
1  oTifi  timber  to  vke  other.  In  Fig.  10  the  blocks  are  more  numerous  near 
ends  of  the  spMU  |ta  inquired  by  the  dia^pram  of  horizontal  shear,  Fig.  8  (<0* 
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Befleetlona. 


57.  The  opposite  table  gives  the  deflections  within  the  elastic  limit. 
at  Kny  prismaitche&m  (beam  of  uniform  cross  section  throughout)  under  dif- 
ferent arrangrements  of  support  and  of  load;  also  (in  the  last 
column)  the  extraneous  load  whicn  will  produce  a  §:iven  deflection. 

without  assistance  from  the  weight  of  the  beam  itself.  All  toe  formulae  are  based 
upon  the  assumption  that  the  increase  of  deflection  is  proportional  to  increase 
of  load. 

The  letters  signify  as  follows : 

<i  »  deflection  of  beam,  in  inohee  /see  Figs). 
W  =1  weight  of  extraneous  load,  in  poands. 
«cr  =      "      "   clear  span  of  b^uu,  in  pounds. 

I  =  clear  span  of  beam,  in  Inches  (see  Figs). 
E  =  modulus  of  elasticity  of  the  material  of  the  beam,  in  lbs  per  sq  Uxcih- 

I  ai  moment  of  iuertia  of  the  cross  section  of  the  beam,  in  indies. 

9tom  the  prlneiples  embodied  In  the  oppotite  table,  -we  find  that  in  beams  pt 
similar  cross  section  and  of  the  same  matwtal,  and  wi^ln  the  elastio  limit,  the  load^ 
and  deflections  (neglecting  the  weight  of  the  beam  itselO  Me  as  follows: 


With  the  same 

The  deflections  nnder  a  giren  extraneous  load  are 

^     and  breadth 

((         M    depth 
breadth"       ** 

((                  U                                                                      «               ((                  tt 

•<      breadths 
directly       '*       cubes  of  the  spana 

With  the  same 

The  extraneous  loads  fot  a  given  deflection  are 

span 
"       and  breadth 
"  depth 
breadth  "      '« 

direcUy  as  the  breadths  and  as  the  cubes  of  the  depths 

"     breadths 
inversely   **     cubes  of  the  spans 

Defleetloii  In  Terms  of  Extreme  Fiber  Stress.    In  table,  p.  474, 

the  load  W  —   *S  =r-j;  where  *  —  a  coefficient,  as  below;  8  —  unit  stress 

in  extreme  fibers;  I  =-*  moment  of  inertia;  T  —  distance  from  neutral  axis 
to  extreme  fiber,  and  I  =■  span.     From  the  table  oppoeite,  we  have : 

W  —  m  — = — ;  where  tn  —  a  ooeffioient,  as  below;  d  —  deflection,  and 

E  ■■  modulus  of  elasticity.   Hence,  *  S  nfr,  =  rn  — p-  ;  and  <*  "  z:  •  w^ 

PS,  tn 

"  WTl: »  ^^^^  *"  "  T 

In  a  cantilever,  loaded  at  end,  m*"      8;      k  ^    I;  e  ^    Z. 

*•  "  "       imiformly,  m  —      8;      *  —    2;  c  —    4. 

In  abeam,  supported,  and  loaded  at  center,   m  —    48;      4  —    4;  c  —  12. 

"        "  "  **        *•       uniformly,  m  -    76.8;  *  -    8;  c  -    9.6^ 

••        "     fixed,  *•        "       at  center,    m  -  192;      »  -  12;  c  -  16. 

f*.        •*       uniformly,  m  -  384;      *  -  12;  c  -  ?2 
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Elastie  Umit. 

08.  Under  moderate  loads,  the  deflections  are  practically  proportional  to 
the  load.  When  they  begin  to  increase  perceptibly  fjuter  than  the  load,  the  latter  to 
■aid  to  hare  reached  the  elastic  limit,  or  limit  of  elasticity.  It  is  generally  at  thto 
point  that  the  **  pcrmaineMt  set  '*  first  becomes  noticeable ;  i.  e.,  after  removal 
of  the  load,  the  beam  falls  to  return  to  its  original  unstrained  condition,  and  remains 
more  or  less  bent.  Th<>  deflections  then  also  begin  to  increase  irregularly  ;  and  to 
continne  indefinitely  without  Airther  increase  of  load.  In  short,  the  beam  is  in 
danger.  Hence,  the  actual  load  must  never  exceed  the  elastic  limit;  and  should  not 
exoMd  from  one-third  to  two-thirds  of  it,  according  to  circumsunceit. 

TlM  limit  of  elsuitloltjr  of  a  besun  of  any  particular  form,  or  material,  to 
detormlned  l>j  espuiimeiit  with  a  similar  beam,  as  in  the  case  of  oon»unU 
for  breaking  loads  Ac  Thus,  load  a  baam  at  the  center,  by  the  caxeful  gradnal 
.  addition  of  smell  equal  loads;  carefully  note  down  the  deflection  that  takes  plaee 
within  some  minutes  (the  more  the  better)  alter  each  load  has  been  applied;  in  order 
to  aaoertain  when  the  deflections  begin  to  increase  more  rapidly  than  the  loads;  tor 
when  this  takes  place,  the  load  for  elastic  limit  has  been  reiaohed.* 

It  la  not  the  deflections  of  the  whole  beam  that  are  to  be  noted,  bnt  those  of  ito 
dear  span  only.  Several  beams  should  be  tried,  in  order  to  get  an  average  constant, 
for  even  in  rolled  iron  beams  of  the  same  pattern,  and  same  iron,  there  to  a  rery 
appreciable  difference  of  strengths  and  deflections. 

ThsD,  to  get  the  constant,  using  the  total  load  applied  during  the  equal  dsHsettoni^ 
iiMandIng  half  the  weight  of  the  beam  itself, 

Gonstent  ft»r  eUstlo  ii«.i#  ^^         8|»°  <°  fe»*  X  Total  load  in  lbs. 

Breadth  in  Inches  X  Square  of  depth  lu  inches 

TIm  eonstanty  for  wooden  b«am%  may  be  had.  near  enough  for  oommon 
prsctioe,  by  taking  one  third  of  the  breaking  constants  in  the  Uble,  page  476. 

Said  constant,  thus  calculated.  Is  the  elastle  Hmit  of  a  beam  of  the  ghren  Shapt 
and  material,  1  Inch  broad,  1  inch  deep,  and  of  1  foot  span,  supported  at  both  ends 
and  loaded  at  the  center.  To  obtain  from  it  tiie  elastic  limit  of  any  other  beam  of 
the  same  design  %  and  the  same  material,  similarly  supported  and  loaded,  but  o#  other 
dimsnslonB, 

AlMtle  ^  constant  X  breadth  in  inches  X  sqnare  sTdepth  in  inches 
■*"^*  spaainfoet 

If  the  beam  is 
supported  at  both  ends  and  loaded  at  center, 

♦•     "      •'       ♦'  "  uniformly, 

fixed  t       "     "     "       "  "  at  center, 

"            '*     "      "       "  «*  uniformly. 

*'             "     one  end    *'  •*  at  other  end, 

"             "       "     "      "  "  uniformly, 


*0f  course,  in  practice,  it  to  ftrequenUy  difficult  to  ancertain  with  precision,  when, 
or  under  what  load,  the  deflections  actually  do  begin  to  increase  more  rapidly  than  ths 
successlTe  loads.  For  although  6y  theory  the  deflections  are  practicaUy  equal  for 
equal  loads,  until  the  elastic  limit  is  reached,  yet  in  fact  they  are  subject  to 
more  or  lens  irregularity;  for  no  material  compoeingabeam  IsperfBotly  unifbrm 
throughout  in  texture  and  strength.  Hence  inntead  of  regular  increase  of  defleo- 
tion,  we  shall  hare  an  alternation  of  larger  and  smaller  on^s.  Therefore,  Nome  Judg- 
ment to  required  to  determine  the  final  point;  In  doing  which,  it  to  better,  in  case 
oC  deubt,  to  lean  to  the  side  of  eafety.  It  is  assumed  always  that  the  load  to  not 
sntject  to  Jars  or  vibrations.    These  would  increase  the  deflections. 

f  A  beam  to  said  to  be  *<  fixed  **  at  either  end  when  the  tangent  to  the  longitndinal 
axu  of  the  deflected  beam  at  that  end  remains  always  horisontal. 

1  The  rtope*  of  the  two  beams  need  not  be  eimilar.  For  lnstane^the  constant 
deduced  from  experiments  upon  any  rectangular  beam  to  applicable  to  any  other 
rectangular  beam,  whether  square  or  oblong. 
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The  Blasttc  Cimre* 

59.  When  a  cantilever,  Fig.  1,  or  a  beam.  Fig.  2,  supported  or  fixed  in 
any  manner,  bends,  under  the  action  of  any  load,  the  neutral  surface,  n  n, 
forms  a  curve,  such  that,  at  any  section. 


where 
R 
M 

I 


p  -  E_I  _,  I J_ 
"       M        M*' 

—  the  radius  of  curvature,  at  the  section ; 

—  the  bending  moment,  at  the  section ; 

—  the  moment  of  inertia  of  the  section; 


i. 
k* 


E  —  the  elasticity  coefficient  of  the  material. 

S  —  anyunitstress  within  the  elastic  limit; 
k  «  the  unit  "stretch"  (elongation  or  compression)  produced  by  S  in 
the  given  material. 


(a)  (b) 

Tig,  1  (repeated). 


(«)  (ft; 

Fl^.  2  (repeated). 


The  Deflection  Coefficient. 
OO.  Definition.    The  deflection  coefficient,  for  any  given  material,  is  the 
defiection,  in  inches,  of  a  beam,  of  that  material,  1  inch  square  and  of  1  foot 
span,  supported  at  each  end,  and  carrying,  at  its  center,  an  extraneous  load 
of  1  lb.  —  ^v/,  where  v/  >-  weight  of  clear  span  of  beam  alone,  in  lbs. 

61.  Let  y  —  the  deflection  coefficient  for  any  given  material.  Then,  in 
any  rectangular  beam,  of  the  same  material,  with  center  load  or  imiform 
load,  let 

h  —  the  breadth,  in  inches; 

—  the  depth,  in  inches; 

—  the  span,  in  feet; 

—  the  weight,  in  lbs.,  of  the  clear  span  of  the  beam  itself; 
■-  center  load  +  i  to; 

—  i  (uniform  load  -f  u»). 
Then,  in  the  given  beam, 

W.Lt  „_     ^.^*  .        ^^    L«.y, 


d 
L 


W 


Deflection  -  Y  - 


Iioad 


-  W  -    Y. 


Breadth*    -    h 


W. 


U  . 


Depth* 


-   d  -  L- 


63*  The  deflection  coefficient,  v,  for  any  given  material,  is  obtained  by 
experiment,  thus:  At  the  center  of  any  rectangular  beam,  of  the  given  mate*- 
ruu,  placed  horizontally  upon  two  supports,  at  any  convenient  and  known 
distance  apart,  place  any  load  that  is  within  the  elastic  limit,  and  measure 
the  resulting  deflection,  Y.  Let  W  —  the  extraneous  center  load  -f  ♦  v, 
where  w  —  the  weight,  in  lbs.,  of  the  clear  span  of  the  beam  itself.  Then 
the  deflection  coefficient  is 

where  b  and  d  —  the  breadth  and  depth,  in  inches,  and  L  —  the  span,  in 
feet,  of  the  experimental  beam. 


♦  In  calculating  the  breadth  or  the  depth,  if  it  is  necessary  to  provide  for 
the  weight  of  the  beam  its^f,  we  first  let  W  —  the  extraneous  load  only, 
and  then  proceed  by  successive  approximations,  as  in  Ift  45  and  46.  remem- 
bering, however,  that  in  the  case  of  deflections,  5-8  of  the  weight  of  each 
additional  section  is  to  be  taken  as  equivalent  center  load,  and  not  1-2  as  in 
the  case  of  strengths.  r^^^/^T^ 

Digitized  by  VjOOQIC 


484  STRENQTH  OF  MATERIALS. 

63.  The  ratio  between  any  two  homologous  lines,  in  an^  two  similar 
figures,  is  constant.  Hence,  in  determining  or  using  coefficients,  whether 
for  strength  or  for  deflection,  by  comparing  oeams  of  similar  sections  but  of 
different  sizes,  we  may  use  any  two  homologous  lines  in  place  of  the  two 
breadths,  or  in  place  of  the  two  depths,  or  the  same  line  may  be  taken  m 
place  of  both  breadth  and  depth.     Thus,  in  Figs.  11, 


h'8      . 

B-« 

(a) 

X 

Fiff. 

(&) 

u. 

b       d      7      ^* 
Hence,  _ 

B  D«       384       -       ^       R  U\  _  1000  _  ^      A 

Also, 

B8D       1728       ,-       ^       R»R       10.000       --       ^ 

64.  Deflection  coefficients,  being  the  deflections,  y,  in  inches,  at  the 
centers,  of  beams  1  incb  square  and  of  1  foot  span,  supported  at  each  end  and 
loaded  at  center  with  extraneous  loads  of  1  tb.  —  5S  the  weight  of  the  etear 
span  of  the  beam  itself. 

Average 

Cast  iron,  0.000018  to  0.000036, O.00OO27 

Rolled  bar  iron,   0.000012  to  0.000024 0.000018 

Rolled  tool  steel,  0.000010  to  0.000020   0.000015 

White  oak,  well  seasoned 0.00023 

Best  Southern  pitch  pine,  well  seasoned,    \  a  nnn97 

White  ash,  well  seasoned.  / o.uuu-« 

Hickory,  well  seasoned, 0.00016 

White  pine,  well  seasoned,  -v 

Ordinary  yellow  pine,  well  seasoned,        t 
Spruce,  well  seasoned,  I  0  00032 

Good,  straight-grained  hemlock,  well  sea-  | u.uuu** 

soned. 
Ordinary  oaks,  well  seasoned,  -' 

65.  Caution.  The  deflections  of  timber  of  the  same  kind  vary  ^(reatly 
with  the  degree  of  seasoning,  the  age  of  the  tree,  the  part  from  which  tlM 
beam  is  cut,  etc.  The  coefficients  given  above  are  averages  deduced  from 
our  own  experiments  on  good  pieces,  well  seasoned,  on  which  the  loads  were 
allowed  to  remain  for  months.  In  all  kinds,  less  than  2  per  cent,  of  the 
breaking  load  produced  a  permanent  set  in  a  few  months.  Several  of  the 
sticks  bore  their  breaking  loads  for  months  before  actually  giving  way.  The 
vibrations  and  jars,  to  which  all  structures  are  exposed,  in  time  mcrease  the 
deflections. 

66.  Eccentric  Concentrated  L.oads.  Let  Y,  Fig.  12  (a),  be  the  de- 
flection, at  the  center  of  the  span  (i. «.,  at  the  point  of  application  of  the  load) 
of  a  beam  supported  at  each  end,  due  to  a  load,  W,  witmn  the  elastic  limit, 
at  Ihe  center  of  the  span.  Then,  if  the  same  load,  W,  bejplaced  eccentrioally 
upon  the  same  beam,  as  in  Fig.  12  (b).  the  deflection,  Y',  at  the  point,  e,  at 
application  of  the  load,  and  due  to  the  load,  W,  is 

^,      --  16  m*  n«, 

where 

I  "■  the  span; 

m  and  n  —  the  segments  into  which  the  load  divid^  the  span. 
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67*  Uniform  liOad*.  Let  Y  be  the  defleotion,  due  to  any  oentnJ  ex- 
traneous load  (within  the  elastic  limit),  on  a  beam  supported  at  each  end. 
Then  the  deflection,  Y',  of  the  same  beam,  due  to  the  same  load  uniformly 
distributed  over  the  span,  is 

Y'-|y. 

68.  Inclined  Beams.  If  the  beam  is  inclined,  use  the  horisontal  pro- 
jection of  it-s  span,  in  place  of  the  span,  I,  in  determining  its  deflections. 

69.  Cyltndiical  Beams.  Let  Y  be  the  deflection  of  a  square  beam 
under  any  given  load.  Then,  for  a  cylindrical  beam  whose  diameter  -•  aids 
of  the  square,  the  deflection,  under  the  same  kMd,  is  —  l^dSY. 


'"f^-^ir^ 


t— o — «l  l«— 6 — > 


Stnmffes*  SHffegt 

Fly.  12.  FliT*  IS. 

70.  Figs.  13  (a)  and  (b)  show,  respectively,  the  strongest  and  the  stiffest 
rectangular  sections  which  can  be  cut  from  a  given  cylindrical  log,  of  diame- 
ter, D.     In  the  strongest  section  Fig.  (a),  a o  *-  v*  and  h  —  '%/-»  D*.  In  the 

D  13 

stiffest  section  Fig.  Qt),ac  —  -ji  andd  —  -v/^  D*. 

71.  Maximum  Permissible  Deflection.  Under  even  a  perfectly 
safe  load,  a  beam  may  bend  too  much  for  certain  purposes.  Thus,  to  |>re- 
vent  the  cracking  of  the  plaster  of  ceilings,  it  is  usual  to  limit  the  deflection 

of  beams  to  ~^  —  ^  inch  per  foot  of  span  —  3i  ins.  per  100  ft.    In  kmg 

lines  of  shafting,  for  machinery,  the  deflection  is  usuaUy  limited  to  -^^  ■■ 

1  inch  per  100  feet  t>f  span ;  in  highway  bridges  to  ^^  -  ~t  inch  in  10  ft.; 

in  railroad  bridges  to  r^^  —  -r  inch  per  100  feet. 
loUU       4 
722.  Let   Y  —  the  maximum  permissible  deflection,  in  inches  per  fool  ol 
span,  in  any  given  case : 
y  —  the  deflection  coeflicient,  lH  60,  etc. 
L  «-  the  clear  span  of  the  beam,  in  feet; 
w  »  the  weight  of  the  clear  span  of  the  beam.  In  lbs.; 
W  -  the  center  load  +  f  v; 
—  #  (uniform  load  +  vf). 
Then,  Y  L  —  the  deflection,  in  inches,  for  the  whole  span,  L,  and  we  have, 
for  the  permissible  load,  W,  and  the  required  breadth,  6,  and  depth,  <f,  for  a 
rectangular  beam  (see  \  61): 


Breadth  ♦   -  b    .    W 
Depth*       -  d    .    w. 


L»i/ 
L«_y. 
d8Y' 
L^y 
b  Y* 


Uy* 


♦  See  foot-note  to  If  61. 
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Suddenlj  Applied  Loads. 

73.  Suppose  a  load  to  be  applied  to  a  flexible  beam  suddenly,  though 
without  falling  or  jarring;  as,  for  instance,  if  it  be  supported  by  a  cord  which 
allows  it  just  to  touch  the  beam  without  bearing  upon  it,  and  the  cord  be 
then  suddenly  cut  in  two.  The  deflection  of  the  beam,  in  such  a  case,  is 
theoretically  twice  as  great  as  when  the  same  load  is  applied  gradually,  as  by 
very  slowly  relaxing  the  cord,  or  by  dividing  the  weight  into  small  fragments 
and  appljring  them  at  intervals,  one  by  one.  See  Art.  5  (6),  under 
Strength  of  Materials.  Hence  the  streni^h  of  the  beam  (within  the 
elastic  limit)  is  much  more  severely  taxed  in  the  former  than  in  the  latter 
case.  A  heavy  train,  coming  very  rapidly  upon  a  bridge,  presents  a  con- 
dition intermediate  between  the  two. 

Cantilevers  and  Beams  of  Uniform  Strength. 

74.  For  equilibrium,  the  resisting  moment,  R,  of  any  section,  must  bal- 
ance the  bending  moment,  M,  at  that  section.     Or, 

^.I  -M;or.  S  -  M.j; 

where  S    —  unit  stress  in  extreme  fibers; 

T  =  distance  from  neutral  axis  to  extreme  fibers; 
I   *-   moment  of  inertia  of  section. 

75.  In  a  beam  of  uniform  cross-section,  therefore,  since  T  and  I  are  uni- 
form throughout  the  span,  the  unit  stress,  S,  on  the  extreme  fibers,  varies 
with  the  bending  moment,  M.     For  uniform  strength  against  bending  mo- 

T 
ments,  the  cross-section  must  so  vary  that  -.  shall  be  inversely  proportional 

to  M,  in  order  that  S  may  remain  constant. 

76.  The  following  table  shows,  in  elevation  and  in  plan,  the  theoretical 
shapes  of  rectangular  cantilevers  and  beams  of  imiform  strength  agaiiist 
bending  moments,  under  concentrated  and  uniform  loads.  In  practice, 
some  of  these  shapes  would  of  course  have  to  be  made  stronger  near  their 
ends,  in  order  to  provide  a  sufllcient  section  to  resist  shear. 

77.  Notwithstanding  the  reduction  in  material  which  would  be  effected, 
by  using  beams  of  uniform  strength,  their  use  is  seldom  economical,  except 
In  the  case  of  cast  iron.  In  timber,  the  material  removed  would  not  tf>e 
saved;  and,  in  steel,  the  saving  in  material  would  often  be  offset  by  the  cost 
of  additional  labor. 

Moreover,  it  will  be  noticed  that  the  deflections  of  beams  of  umform 
strength,  under  a  given  loading,  are  considerably  greater  than  those  of  beams 
of  uniform  crossHsection. 

In  the  table, 

W  —  concentrated  load; 
w  —  uniform  load  per  unit  of  span; 

I  —  span; 
,  X  —  distance  from  a  support  to  any  given  sectioBi 

d  —  depth  of  beam  at  that  section; 

h  —  breadth  of  beam  at  that  section; 
D  —  maximum  depth  of  beam; 
B   —  maximum  breadth  of  beam; 
S    —  unit  stress  in  extreme  fibers; 

E  —  elasticity  coefficient  —       .  r— — r-r ; 
unit  stretch 

Y'  —  deflection,  due  to  extraneous  load,  in  beam  of  uniform  strength; 

Y   "•   deflection,  due  to  extraneous  load,  in  beam  of  uniform  oroes-eeo- 

tion  —  maximum  crossHsection  of  beam  oLAiniform  strength. 
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Cantileyers    of    Rectangrular   Cross-section    and   of   Uniform 
Strengrth.    Profiles,  Plans   and  Deflections. 

For  symbols,  see  t  77. 


OoneeBtnited  Load,  — IF,  st  ••4. 


Breadth,  b,  oonatant. 

Pxoffle,  parabola,  with  vertex  at  load. 


V     S6 


D  —  MaTliTniin  depth . 


Depth,  d,  constaat. 
Flan,  trianffle. 


b  -. 


OWx 


y'  -  ±yiiL  -  1.  Y 

8d-  BBd*  8 


Uniform  Load,-=tc    per  a  nit  ofupan. 


Breadth 

,  5,  constant. 

Profile, 

triangle. 

«*-»-, 

Jul 

V   Si 

Depth,  d,  constant. 

Plan,  two  panUxdlc  curves,  with  vertices 


at  free  end.. 


Sd> 


SWl^ 
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Beams  of  Bectangrular  Cross-section  and  of  Uniform  Strength* 
Profiles,  Plans  and  Deflections. 

For  symbols,  see  opposite  page. 


Oomeentrateil  Loadt-TT,  At  center. 


^flc— H 


=©= 


Breadth,  b,  oonstant. 

Profile,  two  parabolic  curvea,  with  vertices 
at  supports. 


d  —^  ll^iJL  D  at  center  of  span. 

V    8* 


2B6D' 


Depth,  d,  constant.      B—mazimmn  width 
Ran,  two  triangles 


"■        S(f«    '  ""  8EBd»   ""    «      • 


Uniform  I«oad,  -"«<>  per  nnit  of  span. 


Breadth,  b,  constant. 
Profile,  eUipse  or  semi-ellipse . 


"-Vw  ('—')• 


Depth,  d,  oonstant 

Plan,  parabolas  with  vertices  at  center  of  spaa 


»  --if. ('»-») 
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Symbols  in  table  opposite: 


W 

I  - 

d  - 

D  - 

S  - 

E  - 

Y' 
Y 


—  unifonn  load  per  unit  of  span; 

—  dist  from  a  support  to  given  sec ; 

—  breadth  of  beam  at  that  sec ; 
«-  maximum  breadth  of  beam ; 


concentrated  load; 
span ;  x 

depth  of  beam  at  that  sec ;      b 
maximum  depth  of  beam ;     B 
unit  stress  in  extreme  fibers; 
,     . .  .,  m  •     X         unit  stress 

elasticity  coefficient  ■-  — r;:— ^^t-l  ; 
unit  stretch 

—  deflection  due  to  extraneous  load  in  beam  of  uniform  strength ; 

—  deflection,  due  to  extraneous  load,  in  beam  of  uniform  cross-sec- 
tion »  max  cross-section  of  beam  of  uniform  strength. 


Continuous  Beams. 

78.  A  continuous  beam  is  one  which  rests  upon  more  than  two  supports. 

79.  The  resistances  and  deflections  of  continuous  beams,  like  those  of 
beams  with  fixed  ends,  are  determined  by  means  of  the  elastic  curve,  using 
the  calculus.  The  more  impcntant  facts,  thus  deduced,  are  indicated  in 
Fig.  14  and  illustrated  table,  t  80. 

80.  Fig.  14  represents  the  general  character  of  the  deflections,  and  the 
variations  of  the  moments  and  of  the  shears,  in  uniformly  loaded  continuous 
beams. 

81.  Moments.  Fig.  14  (b).  Ordinates  drawn  abotfe  the  lero  line,  a'  &', 
represent  poBiiive  moments,  or  those  where  the  segment  of  the  beam,  to  the 
left  of  any  section,  tends  to  revolve  doekwiae;  and  vice  vM'sa. 

82.  At  each  end  of  the  beam,  at  one  point,  i  (called  the  infl«otioa  point,  or 
point  of  contrary  flexure)  in  each  end  span,  and  at  two  such  points  in  each 
remaining  span,  the  moment  is  sero. 

83.  At  another  point,  m,  in  each  span,  the  positive  moment  reaches  a 
maximum  for  that  span:  while  the  negative  moments  reach  their  maxima 
at  the  supports.  Both  the  positive  and  the  negative  moments  vary  in  the 
different  spans;  but,  if  the  spans  are  equal,  then  the  moments,  at  any  two 
points  eqmdistant  from  the  center  of  the  whole  beam,  are  equal. 


(a) 


(W 
JfomenI* 


(C) 
Shears 


Fly.  14. 


84.  The  moment  diagram,  between  each  supi>ort  and  the  i>oint,  m,  of 
maximum  positive  moment  on  either  side  of  it,  is  a  semi-parabola,  with  its 
apex  at  m. 

85.  Shears.  Fig.  14  (c).  Ordinates  drawn  above  the  zero  line,  a*  &', 
represent  poaitive  shears,  or  those  in  which  the  Uft-h&nd  segment,  at  any 
section,  tends  to  slide  upward  past  the  n^^hand  s^ment ;  and  vice  versa. 

86.  At  the  point,  m^  of  tnnTimnm  moment,  in  each  span,  the  shear  is  zero. 
Between  each  such  pomt  and  the  next  support  on  the  left,  the  shear  is  posi- 
tive, and  vice  versa. 

87.  At  each  support  the  shear  suddenly  changes,  by  an  amoimt  —  the  re- 
action of  the  support. 

88.  The  shear  diagram  is  a  series  of  straight  lines. ^  ^  GoOqIc 
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80.  The  illustrated  tattle  opposite  represents  the  oonditions  theoreti- 
eally  existinc  in  uniformW  loaded  continuous  beams  of  from  two  to  five  equal 
spans.  Only  the  left  half  of  each  such  beam  is  shown,  the  right  half  being 
aymmetrioal  with  it. 

90*  The  Figs,  show  the  amount  of  the  maximum  positive  moment  in 
each  span,  that  of  the  negative  moment  at  each  support,  and  the  shear  on 
each  side  of  each  support. 

91*  The  Figs,  show,  also^  the  coefficient,  a,  for  the  distance,  a  I,  from  the 
left  support  of  each  span  to  the  point  of  maximum  moment  in  that  span; 
and  the  coefficient,  x,  for  the  distance  or  distances,  x  I,  from  the  same  sup- 
port to  the  inflection  point  or  points  in  that  span.  In  each  central  span,  the 
sum  of  the  two  values  of  x  is  •■  1.     In  each  end  span,  x  '^  2  a. 

92.  Ip  each  central  span,  the  point  of  maximum  pcMsitive  moment  is  at 
the  center  of  the  span.  In  other  words,  the  deflection  in  that  span  is  sym- 
metrical, or  a  —  0.5. 

93.  The  numerical  sum  of  the  two  shears,  one  on  each  side  of  a  support, 
is  —  the  reaction  of  that  support.  At  each  central  support*  the  shears,  on  its 
two  ddes,  are  equal. 

In  the  Figs., 

w  »  load  per  imit  of  span; 
I  —  span; 

m  —  the  coefficient  for  moment; 
mwP   —  moment; 

V  —  the  coefficient  for  shear; 
vwJ  —  shear; 

a  -■  the  coefficient  for  distance  to  i>oint  of  maximum  moment ; 
al  '»  distanoefromleftsupportof  any  span  to  i>oint  of  maximum 
positive  moment  in  that  span ; 
X  —  the  coefficient  for  distance  to  inflection  point; 
X  2  •■  distance  from  left  support  of  any  i^jMUi  to  either  inflection 
point  in  that  span. 

94.  Fig.  16  shows  the  values  of  m  and  of  » in  a  uniformly  loaded  non-con- 
tinuous beam.  Comparing  these  with  the  corresponding  values  in  con- 
tinuous beams,  as  shown  m  the  illustrated  table,  opposite,  we  see  that  the 
continuous  beam  has  considerable  theoretical  advantage.    But  see  H  96. 


(«)  J 


-Z d 


l-ajf 


Tig.  15. 


95.  Certain  practical  considerations,  however,  materially  reduce  th^ 
advantages  in  many  cases.     Thus,  in  a  continuous  railroad  bridge  of  100  ft. 

spans,  so  designed  that  the  maximum  deflection  Aall  not  exceed  —  inch,  a 

settlement  of  -r  inch,  in  an  intermediate  pier,  would  deprive  the  bridge  of 

4 
the  support  of  such  pier,  and  thus  practically  throw  two  adjacent  spans 
into  one,  bringing  upon  their  members  stresses  far  in  excess  of  those  for 
which  they  were  designed.  Again,  with  moving  loads,  the  theoretical  ad- 
vantage may  at  times  be  much  less  than  that  due  to  a  stationary  load  and 
indicated  in  the  Ulustrated  table.  ^^ ,^,^3^  ^^ GoOglc 
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Cross-shaped  Beam.* 

96.  In  a  cross-ehaped  beam,  Fig.  16,  of  homogeneous  material,  loaded  at 
center,  let 

W   -  the  load; 
E  —  the  elasticity  coefficient  =  ■ 


unit  stretch 
Y   —  the  deflection  at  center; 
L,  Z  —  the  spans  of 
D,  d  —  the  depths  of 
T,   t  =  the  half  depths  of 
I,  i  —  the  moments  of  inertia  of 
8,  8  "  the  unit  stresses  in  the  extreme 

fibers  of 
P,  p  —  the  portions  of  W  borne  by 


the  two  branches  respec- 
tively. 


Flff.  16. 


Then  (see  illustrated  table,  p.  480),  since  the  deflection  is  necessarily  the 
same  for  both  branches, 

EI    "  E  i* 
P  IJP_ 

p    "  i.L«' 


;  or 


and,  since  P  >-  4  . 


S.I 


,=-^=-,  and  p  —  4  .  — ^,  (see  table,  p.  474),  we  have 

i.   .  Li  t  .    I 

8        D  (I  \2 
a    "  d  VLV  • 


97.  In  other  words,  in  order  that  both  branches  may  be  equally  strong, 
their  depths  (independently  of  their  breadths)  must  be  inversely  as  the 
squares  of  theu*  spans,  or  their  spans  inversely  as  the  square  roots  of  their 
depths. 

Resistance  of  Plates. 

98.  The  laws  governing  the  resistance  of  plates,  to  pressures  normal^  to 
their  surfaces,  are  but  imperfectly  understood;  and  formulas  respecting 
them  must  be  used  with  caution  and  as  probable  approximations. 

99.  Rectangular  plate,  with  central  load,  W. 
t  "-  the  thickness  of  tne  plate ; 

L  "•  its  longer  span ; 

I  —  its  shorter  span; 

S  »•  the  maximum  unit  fiber  stress; 

C  —  a  coefficient.     See  p.  403. 

For  a  square  plate,  L  —  i,  and 

3  ^W 


s-|c. 


W-^S 


CLZ 


4       fi 


W-fS 


♦See  foot-note  (f),  p.  493. 
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100.  Bectangular  plate»  uniformly  loaded.    Let 

w  "  the  uDiform  load  per  unit  of  surface;   other  letters  as  in  Y  00. 
Then,  'according  to  Qrashof,* 

For  a  square  plate,  L  —  Z.     Hence, 

S-1C.L..|;  t.-4S.^,. 

101.  Value  of  C. 

For  uni-  For  oen- 

If  the  plate  is  form  load.  tral  load. 

merely  supported  along  its  four  edges,     G  »  1.125  0  »  2.00 

firmly  secured  along  its  four  edges,  C  >-  0.76  C  *■  1.75 

102.  Circular  plate»  uniformly  loaded.    Let 
w  —  the  load  per  imit  of  surface ; 

S  —  the  unit  nber  stress  in  the  material; 

w         .^      ,    X.  .^  i»  .     X         uiiit  stress 

E  -  Its  elasticity  coefficient  -  ^^.^  ^^^^^; 

r  —  theradiusof  the  unsupported  portion  of  the  plate; 
t  —  the  thickness  of  the  plate; 
Y   —  the  deflection  at  the  center. 
Then,  according  to  F.  Reuleaux,t  if  the  plate  is  merely  •upport$d, 

5  w  r* 


s  (!)•= 


'-'Vi= 


Y  — 


If  the  plate  is  firmly  aecvred,  ^___ 

3  «  /  <  \«         ^  (2     w        --        to  r* 

For  strengths  of  cylinders,  pipes,  etc.,  see  Hydrostatics,  Art.  17. 


TBANSY^BSE    AND    LONGITUDINAL    STBESS    COMBINED. 

103.  Although  the  combination  of  longitudinal  and  transverse  stress  in 
the  same  piece  is  objectionable,  it  is  often  unavoidable.  Thus,  in  a  timber 
roof,  the  rafters  generally  act  both  as  columns  and  as  beams. 

In  such  cases,  the  total  unit  stress,  S,  in  the  extreme  fibers,  is  the  sum 
of  the  uniform  stress,  Sg,  due  to  direct  compression  or  tension,  and  the 
extreme  fiber  stress,  Sb,  due  to  bendins  moments  only,  under  the  action 
,of  the  transverse  and  longitudinal  loads  combined.     Or  S  =  So  +  Sb. 

Let  Mb  -"  the  bending  moment  due  to  the  transverse  load;  M«  >-  the 
bending  moment  due  to  longitudinal  load,  P;  and  M  —  the  total  resultant 
bending  moment,  —  Mb  —  Me  when  the  longitudinal  load  is  tensile; 
—  Mb  +  Mq  when  the  longitudinal  load  is  compressive. 

But  Me  "■  P  (2,  where  P  —  the  longitudinal  load,  and  <f  «-  its  leverage,  ■• 

the  deflection  of  the  beam,  due  to  all  causes  ;  and  (see  f  57)  d  "  ^,-  - ; 

where  I  —  span,  Sb  *-  unit  stress  in  extreme  fibers,  due  to  bending; 
E  —  modulus  of  elasticity;  T  —  distance  from  neutral  axis  to  extreme  fibers, 
and  e  —  a  coefficient,  whose  values,  fcnr  different  cases,  are  given  in  1  57. 

Hence,  Mo  -  P  ^^  ;  and  resultant  moment  M  -  Mb  +  P  ^J^ .    The 

ilj    1    C  —  Hi    1    C 

resisting  moment,  R  (see  1 10),  is  —  Sb  m-;  and,  for  equilibrium,  R  —  M. 

Hence,  Sb.  ip  —  Mb  +  P  „  j!*  ;  whence  we  derive,  for  the  extreme  fiber 

stress,  Sb,  due  to  bending  only,  under  the  action  of  the  transverse  and  longi- 
tudinal loads  combined, 

*  "Theorie  der  Elasticit&t  und  Festigkeit,"  Berlin,  1878. 
t  "Der  Konstrukteur."  Braunschweig,  1889.     "The  Constructor,"  trans- 
lated by  H.  H.  Suplee,  Philadelphia,  1893.  ^  , 
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g.  «,         **        1  where  the  longi-    I      Sb  —         ^        1  where  the  longi- 
p  2S  ?-  tudinal  stress  is    I  P  2*  r  tudinal  stress  is 

I  +  -=7-  J  tensile  |  I  —  .= —  |  compressive 

Besides  this  we  have  the  unit  stress,  Se,  due  directly  to  the  longitudinal 

p 
load.  P,  and  —  -t>  where  A  is  the  area  of  cross-section  of  the  beam.   Hence, 

A 
for  the  total  unit  stress,  S,  in  the  extreme  fibers,  we  have 

P         MbT 

S-So  +  8b--r  + 


M  T 

When  the  deflection,  d,  is  negligible,  M  —  0;  Sb  —  -^ ,  as  in  f  10;  and  , 

®       A+     I    • 

It  is  often  assumed  that  the  resultant  unit  stress.  S.  in  the  extreme  fibers, 
is  equal  to  the  sum  of  the  longitudinal  and  transverse  unit  stresses,  and  the 
piece  is  then  so  designed  that  the  resultant  unit  stress,  so  obtained,  shall 
not  exceed  the  permiijsible  unit  stress. 
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STRENGTH  OF  PII^UUUL 

The  foregoing  remarks  on  crushing  or  compressive  strength  refer  to  that  of 
lieces  so  short  as  to  he  incapable  of  yielding  except  by  cruHbing  proper.  Pieces 
DDger  in  proportion  to  their  diameter  of  cross  section  are  liable  to  yield  by 
tending  siaeways.    They  are  called  nillars  or  columns. 

The  law  governing  the  strength  of  pillars  is  but  imperfectly  understood;  and 
he  best  formulse  are  rendered  only  approximate  by  alight  unavoidtble  and  un- 
uspected  defects  in  the  material,  straigbtness  and  setting  of  the  column.  A 
ery  slight  obliquity  between  the  axis  of  a  pillar  and  the  line  of  pressure  may 
educe  the  streueth  as  much  as  60  per  cent ;  and  differences  of  10  per  cent  or 
iiore  in  the  bkg load  mar  occur  between  two  pillars  which  to  all  sppearances 
re  preciselv  similar  ana  tested  under  the  same  conditions.  Hence  a  liberal 
actor  of  safety  should  be  employed  in  using  any  formule  or  tables  for  pillars. 

In  oar  following  remarks  on  this  subject,  the  pillars  are  supposed  to  sustain 
comtatU  load ;  and  the  ultimate  or  breaking  load  referred  to  is  that  one  which 
fould,  during  its  first  application,  cripple  or  rupture  the  pillar  in  a  short  time, 
{ut  struts  in  bridges  etc  often  have  to  endure  stresses  which  vary  greatly  in 
mount  from  time  to  time.    Their  ultimate  load  is  then  less. 

Long  pillars  with  r«iui4e4  ends,  as  in  Fig  1.  have  less  strength  than 
hose  with  flat  eads,  whether  free  or  firmly  fixed. 


In  steel  bridges  and  roofs,  the  ends  of  the  struts  are  frequently 
sustained  by  means  of  pins  or  bolts  passing  through  (across) 
them,  at  either  one  or  both  ends.  These  we  will  call  blniired 
.  endiu  Pillars  so  fixed  are  about  intermediate  in  strength  between 
those  with  flat  and  those  with  round  ends.  There  is  much  uncer- 
tainty about  this  and  all  such  matters.  The  strength  of  a  given 
hiiiged-end  pillar  is  increased  to  an  importont  extent  by  inereas- 
ine  the  diameter  of  the  pin. 

The  formvla  in  most  general  use  for  the  strength  of  pillars, 
is  that  attributed  to  Prof.  I«ewis  Gordon  of  Glasgow,  and 
ailed  by  his  name.  With  the  use  of  the  proper  coeflicients  for  the  given  cue, 
t  gives  results  agreeins  approximately  with  averages  obtained  in  practice  wtlli 
•iliars  of  such  lengths  (say  fh>m  10  to  40  diams)  as  are  commonly  used. 
It  is  as  follows 

Breaking  load  In  lbs  per  sq  inch  „         / 
-  of  area  of  cross  section  of  piilmr  it 

1  +  - 


a  which  «''  « 

f  is  a  coei&cient  depending  upon  the  nature  of  the  matorlal  and  (to 
Dme  extent)  upon  the  shape  of  cross  section  of  the  pillar.  It  is  often  taken, 
pproximatdy  enough,  as  being  the  ult  crushing  strength  of  short  blocks  of  t  he 
iven  matoriiu.  For  good  American  wrought  iron,  such  as  is  used  for  pillars. 
OOOO  is  generally  used :  for  cast  iron  80000.  Mr.  Cleeman*  found  for  mild  pteel 
15  per  cent  carbon)  52000:  and  for  hard  steel  (.86  per  cent  carbon)  83000  lbs. 
[r.  C.  Shaler  Smith  gives  fiOOO  for  Pine, 
a,  for  wrought  iron,  is  usually  taken  as  follows :  a  *- 

when  both  ends  of  the  pillar  are  flat  or  fixed. 86000  to  40000 

when  both  ends  of  the  pillar  are  hinged » 18000  to  20000 

when  one  end  is  flat  or  fixed,  and  the  other  hinged...  24000  to  80000 

For  cast  iron  about  one  eighth  of  these  figures  is  generally  used ;  and  for  irine 
bout  one  twelfth. 

1       is  the  length  of  the  pillar.    If  the  pillar  has,  between  its  ends,  supports 
which  prevent  it  from  yielding  side-ways,  the  length  is  to  be  measured 
between  such  supports, 
r       is  the  least  radius  of  gyration  of  the  cross  section  of  the  pillar.  I  and  f 
must  be  in  the  same  unit ;  as  both  in  feet,  or  both  in  incnes. 

•  Praeeading*  IngtoMra'  Clnb  of  PhUa,  Hov  18B4. 
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Badins  of  iryratloii.  Suppose  •  body  Aree  to  rarolTe  around-  an  axis  whldi 
passes  through  it  in  any  direction ;  or  to  oscillate  like  a  pendulum  hung  from  a  point 
of  Buspeniiion.  Then  suppose  in  either  case,  a  certain  given  amount  of  force  to  bs 
applied  to  the  body,  at  a  certain  given  dist  from  the  axis,  or  frt>m  the  point  of  sua- 
pension,  so  as  to  impart  to  the  body  an  angular  vel ;  or  in  other  words,  to  cause  it 
to  describe  a  number  of  degrees  per  sec.  Now,  there  will  be  a  certain  point  in  tha 
body,  such  that  if  the  entire  wt  of  the  body  were  there  concentrated,  then  the  same 
force  as  before,  applied  at  the  same  dist  from  the  axis,  or  from  the  point  of  suspeii* 
sion  as  before,  would  impart  to  the  body  the  same  angular  motion  as  before.  Thia 
point  is  the  center  of  gyration ;  and  its  dist  from  the  axis,  or  from  the  point  of  soa- 
pension,  is  the  Radiut  ofgyraUon^  of  the  body.  In  the  case  of  ar«cu,  as  of  crose- 
sections  of  pillars  or  beams,  the  turfaoi  is  supposed  to  reTolre  about  an  imaginanf 
axis ;  and,  unless  otherwise  stated,  this  axis  is  the  nentral  axis  of  the  area,  wldek 
passes  through  its  center  of  grarity.    Then 

Bad! OS  of  ffjratioii  —  i/Moment  of  inevtia  -•-  Area 

Square  of  radius  ^f^sijTmtton.  ~  Moment  of  inertia  +  Area 

In  a  circle,  the  radius  of  gyration  remains  the  same,  no  matter  in  what  direo* 
tion  the  neutral  axis  may  be  drawn.  In  other  figures  its  length  is  different  for 
the  different  neutral  axes  about  which  the  figure  may  be  supposed  to  be  capable 
of  revolTing.  Thus,  in  the  I  beam,  page  898,  the  radius  of  gyration  about  the 
neutral  axis  X  Y  is  much  greater  than  that  about  the  longer  neutral  axis  A  B. 
In  rules  for  pillars  the  least  radius  of  gyration  must  be  used. 

The  following  formulee  enable  us  to  find  the  least  radius  of  gyration,  and  tha 
Bouare  of  the  least  radius  of  gyration,  for  snoh  shapes  as  are  commonly  used  for 
pulars. 

Sbape  of  crom  section  I<east  radius   i^?^!l!^?£« 

*^    of  pillar  of  nrration   ^^^^^ 

side  8ide« 

Solid  square  ^ 


i/a* 


12 


square  of  nniform  /!)•  4- 

thickness  ^      J2 


Hollow  square  of  nniform  tlA  ■\- d^  D*  +  <P 


12 


least  side  least  side* 


l/~i5~* 


12 


Hollow  rectangle  of  uniform  ^  I  CiA~c»a^      C"  A  —  o«« 
thickness  \  12  (C  A  —  ca) 


Solid  circle 


12  (CA  — efl| 
dlametw  diametei* 


1« 


16 


Hollow  circle  of  nniform  /pi  +  d»  D*  +  <!* 

thickness  'y     jj — 


*  rla  =  aboatS.aAL 
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Shape  of  ero«s  section  lieast  radios    i^Sit^^ias 

of  n^yration 


of  pillar 


of  g^yratiOB 


-I>-^ 

> 


c~^ 


Phoenix  column. 

D  X  0.3636 

DS  X  0.1323 

Carnegie  Z-bar  column. 

BX  0.590 

B2X  0.348 

I  beam. 

P 
158 

21 

Channel. 


F 
8.54 


F« 
12JS 


Deck  beam. 


86JS 


Angle,  with  equal  legs  P  J^ 

iS  23 


Angle,  with  unequal  legs  F/  F«/« 

^^^^^  2.6  (F+/)  13(F«  +  /«) 


St-  T,  with  F  -  / 


Cross,  with  F—/ 


32 


F 
4.74 


F« 

22.5 
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The  yonnff  engrliKser  mast  bear  in  mind  that  the  breakg  and  the 
safe  loads  per  sq  inch,  of  pillars  of  any  given  material,  are  not  constant  quantities : 
but  diminish  as  the  piece  becomes  longer  in  proportion  to  its  diam.  If  a  very  long 
piece  or  pillar  be  so  braced  at  intervals  as  to  prevent  its  bending  at  those  points^ 
then  its  length  becomes  virtually  diminished,  and  its  strength  increased.  Thus,  if  a 
pillar  100  ft  long  be  sufBciently  braced  at  intervals  of  20  ft,  then  the  load  sustained* 
may  be  that  due  to  a  pillar  only  20  ft  long.  Therefore,  very  long  pillars  used  ic. 
bridge  piers,  &c,  are  thus  braced ;  as  are  also  long  horizontal  or  inclined  piecei^ 
exposed  to  compression  in  the  form  of  upper  chords  of  bridges ;  or  as  struts  of  any 
kind  in  bridges,  roofis,  or  other  structures. 

Mistakes  are  sometimes  made  by  assuming^  say  6  or  6  tons  per  sq  inch,  as  the  safe 
compressing  load,  for  cast  iron ;  4  tons  for  wrought;  1000  pounds  for  timber ;  without 
any  regard  to  the  length  of  the  piece. 

But  although  the  final  crushing  loads,  as  given  in  tables  of  strengths  of  materials, 
are  usually  those  for  pieces  not  more  than  about  2  diams  high,  they  will  not  be  much 
less  for  pieces  not  exceeding  4  or  5  diams. 

Caations.  Remember  a  heavily  loaded  cast-iron  pillar  is  easily  broken  by  a 
side  blow.  Cast-iron  ones  are  subject  to  hidden  voids.  All  are  subject  to  Jars  and 
vibrations  from  moving  loads.  It  very  rarely  happens  that  the  pres  is  equally  dis- 
tributed over  the  whole  area  of  the  pillar ;  or  that  the  top  and  bottom  ends  have  per- 
fect bearing  at  every  part,  as  they  had  in  the  experimental  pillars  f  Cast  pillars  art 
seldom  perfectly  straight,  and  hence  are  weakened. 

IfoUow  pillars  intended  to  bear  beavy  loads  should  not  be  cast 
with  such  mouldings  as  a  a ;  or  with  very 
projecting  bases  or  caps  such  as  ^,  Fig  19. 
It  is  plain  that  these  are  weak,  and  would 
break  off  under  a  much  less  load  than 
would  injure  the  shaft  of  the  pillar.  When 
such  projecting  ornaments  are  required, 
they  should  be  cast  separately,  and  be  at- 
tached to  a  prolongation  of  the  shaft,  as 
ed.  by  iron  pins  or  rivets. 

Ordinarily,  it  is  better  to  adopt  a  more 
simple  style  of  base  and  cap.  which,  as  at 
2>,  can  be  cast  in  one  piece  with  the  pillar, 
without  weakening  it. 


^^^^^yj^ 


Fig.  20. 

When  a  flat-ended  pillar,  Fig.  20,  is  so  irregularlv  fixed,  that  the  pressure 
upon  it  passes  along  its  diagonal  a  a,  it  loses  much  of  its  strength.  Hence  the 
necessity  for  equalizing,  as  far  as  possible,  the  pressure  over  every  part  of  the 
top  and  bottom  of  the  pillar ;  a  point  very  difiScuIt  to  secure  in  practice. 

t  In  important  cases  both  ends  should  be  planed  perfectly  true. 
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SHBARIlVa  STBEBTOTH. 

Sbearlnip  or  detrasion  occurs  wbeu  a  body  is  acted  upon  by  two 
opposite  forces  in  parallel  and  closely  adjacent  planes,  tending  to  slide  some  of 
the  particles  over  the  others.  In  Fig  1,  the  two  forces  are  (1)  the  downward 
pressure  of  the  weight,  W,  and  (2)  the  upward  reaction  of  the  support,  A. 

In  singrle  sbear.  Fig  1,  the  snearing  area,  a,  =  the  section  g  g.  In  doable 
sbear.  Fig  2,  a  —  gg-\-oo='2y,gg.  In  Fig  8,  a  =  6  X  cross  section  of 
piece.  In  Fig  4  (single  shear),  a  =  section  e  c.  In  punching  rivet  holes, 
«  =>  circumference  of  nole  X  thickness  of  plate. 

In  any  case,  if  S  a  the  ultimate  unit  shearing  stress.  Shearing  strength  »  S  a. 


ng.  1  rigr.  a 

mate  v 

figures  indicate  the  range  of  values  of  S  in  metals  an< 

ifetals.    Wrought  iron,  85,or'^  ^     ^  ' 

46,000  to  75,000 ;  copper,  33,000. 


r  Spruce 


Ultimate  unit  sliearinir  BtreMK  A»  in  fts  per  aq  look   The  foUowlng 
igures  indicate  the  range  of  values  of  S  in  metals  and  in  timber. 
Metals.    Wrought  iron^  ^>J^  ^  55,000 ;  oast  iron,  20,000  to  80,000 ;  steel, 

With  the  grain,  Fig  4.    Across  the  grain. 

250  to  500  8,250 

.       bite  pine                   "  2,600 

Timber:              J  Hemlock                       ♦*  " 

From  our  experiments :  "S   Yellow  pine                4,800  to  5,600 

J  Oak                        400  to  700  

V.  White  oak                  4,400 

TORSIOITAI*  STREirOTK. 
Torsion  oocart  when  a  body  is  acted  upon  by  two  couples  or  moments  of 
contrary  sense  and  in  different  planes.  Thus,  torsion  takes  place  in  a  brake 
azle  when  we  try  to  turn  it  while  its  lower  end  is  held  fast  by  the  brake  chain  ; 
and  in  shafting,  when  it  transmits  the  motive  power  of  an  engine  to  tools.  Sup- 
pose such  a  body  to  be  divided,  by  cross  sections,  into  layers.  Then  each  layer 
tends  to  shear  across  from  those  next  to  it.  Hence,  in  order  to  maintain  equi- 
librium, each  two  adjacent  layers  must  exert,  in  the  cross  section  between  them, 
an  internal  resisting  moment  equal  to  one  of  the  two  external  and  contrary 
torsional  moments. 
Re«istin||r  moment  in  a  circular  crora  section  of  a  cylindrical  diaft.    Let 

P  =«  the  torsional  force  of  one  of  the  two  external  moments .in  pounds ; 

Z  a>  its  leverage,  =»  its  distance  from  the  axis  of  the  sluift. in  inches ; 

M  =a  p  /  at  external  or  torsional  moment in  inch-{>ound8 ; 

T  =  distance  fVom  axis  to  farthest  fibers,  =  radius  of  Shaft in  inches; 

D  =  diameter  of  shaft,  =  2  T ^ ~ la  indies; 

S  =3  unit  shearing  stress  in  farthest  fibers in  pounds  per  sq  inch; 

t  =  distance  from  axis  to  any  given  fiber in  inches ; 

s  =  unit  stress  in  said  given  fiber in  pounds  per  square  indi; 

a  =  area  of  said  given  fiber. : in  square  inches; 

F  =r=  total  stress  in  said  fiber ^ in  pounds; 

r  =  resisting  moment  of  said  fiber  about  the  axis Jn  inch-pounds ; 

B  =  intemaTresisting  moment  of  the  entire  cross  section 

=  S  r  =  sum  of  resisting  momenta  of  all  tbefibers. in  inoh<*poandB ; 

Ip=  polar  moment  of  inertia*  of  the  cross  section 
=s  moment  of  inertia  of  cross  section  about  the  axis  of  the  shaft 
>=  2  t>  a,  »  the  sum,  for  all  the  fibers,  of  fi  a in  inches. 

*  In  any  figure,  the  polar  moment  of  inertia,  Ip,  is  =*  the  sum  of  the  greatest 
and  the  least  moments  of  inertia  of  the  same  ngure.  about  two  axes  lying  in  the 
figure  and  intersecting  in  its  center.  In  a  solid  circle,  each  of  these  is  a  moment 
of   inertia  about  a  diameter,  and  is  =»  ir  T*  "  '  .    ^  .._-,. 

I_  =  ,  T4  H.  2. 


Hence,  in  such  a  circle, 
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Then  the  unit  stress,  in  any  gi?en  fiber,  is  <  >=  6  <  -i-  T ;  its  total  stress,  R  is 
=  a*  =  Sat-i-T;  and  its  resisting  moment,  rjia  =  Ft='8aP-t-T,  For 
equilibrium,  the  internal  resisting  moment,  R,  oi  the  entire  section,  must  be  -■ 
the  external  torsional  moment,  M. 

Hence,  for  the  Internal  Resisting  moment,  R,  we  have : 

R  =  M  =  2»=2Sa/2  +  T  =  (S-^T)2/2a=(S-^T)Ip. 

Hence,  also,  S  =  M  T  -i-  Ip;    M  =  S  Ip  ^  T;  and  P  =  M  -i^ i  =»  S  Tp  -*-  (T  0. 

m  a  solid  eirele,  L  ==  ir  T^  -s-  2.  Hence,  S  =  2MT-i-(irT4)  — 
2M^(»rT8);    M=S»rT8-^2;    F  =  S  ir  T«,-4- (2  0  J    and 

Diameter,  D,  -  2  T  =  2  X  ^f^  =  '^/^  =  1.72  ^|. 

For  approximate  ultimate  iralaes  of  S,  for  torsion,  use  the 

values  for  shearing,  p  499,  with  safety  factors  from  5  to  10. 

If orse  power  of  sliafUnir*  In  one  revolution,  the  force,  P  90s,  d»> 
scribing  a  circle  with  radius  =  /  ins,  does  a  work  =  2  ir  /  P  inch-9EM,  and,  in  n 
revolutions,  work  =  2  »r  /  P  n  inch-fts.  If  n  be  the  number  of  revolutions  per 
mimUe.  the  horse  power  is : 

H  =  2ir/Pn-i-(12X  33,000)  =  2  ir  M  n  -h  (12  X  33,000) ; 

or,  since  P  /  =  M  =  R  =  S  Ip  -i-  T,  we  have : 

H  =  8  irn  Ip  ^  (12  X  16,500  T) ;    and  S  =  12  X  16,500  T  H  -h  (irn  Ip). 

In  a  solid  eylindrieal  sliAft,  I„  » ir  T*  -i-  2.    Henoe, 
H  =  S  Trn  TT  T4  -i-  (12  X  83,000  T)  =  8  n'^n  T«  -4-  (12  X  33,000)  : 
8  =  12  X  88,000  H  -5-  (ir2  n  T^)  =  12  X  3,843  H  -$-  (n  T8) ; 
n  =  321,000  H  -i-  (D8  8)  :  and 

Tlie  higrher  tbe  speed,  the  less  is  the  force,  and  hence  the  less 
is  the  strength  of  shaft,  required  in  order  to  transmit  a  given  horse-power;  but 
if  the  speed  is  increased  by  increasing  the  toJ»ional  force,  the  horse-power 
transmitted  is  thereby  increased  also. 

Example.  Given,  a  wrought  iron  shaft;  let  8  =  6,000  lbs  per  sq  inch; 
P  =  7,500  8)S ;  Z  =  10  ins;  M  =  75,000  inch-tt)S;  Requii-ed  the  diameter,  D. 
Here,  D  =  1.72  X  f  M  -^  S  =  1-72  X  f  75,000  -=-  6,000  -  1.72  X  fn^S  =- 
1.72  X  2.32  =  4  ins.  I^t  the  horse-power,  H,  =  25.  Then  n  =  321,000  H  -i- 
(D3  S)  =  321,000  X  25  -h  (4^  X  6,000)  =  21  revolutions  per  minute.  Checking, 
D  =  68  X  f  H  -f-  (Sn)  =  68  X  f  26  -t-  (6,000  X  21)  =  68  X  a068  =  say  4  inches. 

Reetang^nlar  Sections.  The  foregoing  equations  are  based  upon  the 
assumption  that  the  stress  increases  uniformly  from  the  axis  of  the  shaft  out- 
ward. It  has  been  shown  (notably  by  St.  Venant*)  that  this  UBumption  is  hot 
applicaUe  to  square  and  rectangular  sections.  In  a  rectangle,  let  B  »  the  longer. 
6  =  the  shorter  side,  and,c  «*  ft  ^-  B.  Then  8  =»  M  (8  +  1.8  c)  -j-  (B  6«) ;  and 
P  =  8  B  ft>  -s-  [(3  +  1-8  c)  /]. '  In  a  square,  with  side  »  ft,  this  becomes :  S  — 
4.8M-i-b8:    M  =  S&»-i-4.8.    P  «  S> -i- (4.8  i). 

The  an^le  of  torsion  is  that  described  by  one  of  the  external  torrional 
moments,  relatively  to  the  other.  Within  the  elastic  limit,  this  angle  is  pro- 
portional to  the  torsional  moment,  M,  and  (assuming  I  constant)  proportional 
to  the  focroe,  P.  Other  things  being  equal,  the  angle  is  proportional  to  the  dis- 
tance between  the  planes  of  the  two  contrary  external  moments,  and.  in  a  solid 
eylindrieal  shaft,  is  inversely  proportional  to  IH.  It  is  inadvisable  to  allow 
the  angle  of  torsion  to  exceed  1°  in  a  length  =  20  diameters,  in  shafts  revolving 
in  one  direction.    In  reciprocating  shafts  allow  still  less.    See  Fatigue,  p  465. 

I^'actical  Considerations.  In  many  cases  the  diameter  of  the  shaft 
must  be  made  greater  than  that  required  by  the  foregoing  formulas ;  as  in  a  long 
shaft,  in  order  to  keep  the  angle  of  t<n^on  within  permissible  limits ;  in  fly- 
wheel and  other  shafts,  carrying  con^derable  bending  loacte  in  addition  to  the 
torsion ;  and,  in  most  eases,  to  allow  for  additional  moments  due  to  alternate 
acceleration  and  retardation. 

_*See  Treatise  on  Natural  Philosophy,  by  Sir  William  Thomson  and  Peter 
Guthrie  Tait,  Part  II,  New  Edition,  Cambridge,  1890,  pp  236,  etc 
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Art.  1.    Mydr€Mitatlc»  treats  of  the  pressnre  of  irater  and  of  other 
fluids  at  rest. 
At  any  given  point  within  a  fluid  tbe  pretMore  is  equal  in  all 

directions;  and  the  pressnre  against  any  point  of  any  surface,  whether 
plane  or  curved,  is  normal  to  tlie  pressed  surface  (or  to  a  plane  tangent 
to  that  surface)  at  that  point. 

Tbe  intensity  of  the  pressure  is  proportional  to  tbe  depth  of  the 
point  below  the  water  surface. 

Pressure  ag^ainst  any  plane  surface. 
Let 

a  =  the  area  of  the  pressed  surface ; 

A  =  the  vertical  depth  of  the  center  of  gravity  of  tbe  pressed  surface  below 
the  free  surface  of  the  fluid ; 

H  =  the  total  depth  of  the  fluid ; 

w  =  the  weight  of  a  unit  volume  of  the  fluid  ;* 

p  =  the  mean  unit  pressure  on  tbe  pressed  surface; 

P  =  tbe  total  pressure  on  the  pressed  surface ; 


Then  tbe  mean  unit  pressure,  p,  Is  equal  to  the  weight  of  a  prism  of 
the  fluid,  whose  base  is  =  1,  and  whose  length  Is  =  A ;  or 

p  ^  hw; 
and  tbe  total  picss^re,  P,  is  equal  to  tbe  weight  of  a  prism  of  the  fluid, 
whose  base  is  =  a,  and  whose  length  is  =  A.    Or 
P  =  ahw  =  ap. 

In  tlie  dlain>*i^ms  of  Figs.  1  and  2,  the  ordinales  (snpposed  to  be  drawn 
from,  and  normally  to,  the  pressed  surfaces  respectively)  represent  the  unit 
pressures  (as  in  lbs.  per  sq.  inch,  kilograms  per  sq.  centimeter,  etc.),  and  the 
area,  opposite  any  given  surface,  represents  the  total  pressure  on  that  surface. 
Thus,  in  Fig.  1  («),  the  unit  pressures  at  n.  at  (/,  at  c  and  at  o,  are  represented 
by  n  (=  0),  by  o'  o',  by  c  r  and  by  o  o  respectively;  and  the  total  pressure 
on  n  o  is  represented  by  the  area  nog,  that  on  n  o'  by  the  area  n  o'  q',  that  on 
o'  0  by  the  area  o  q',  and  that  on  o'  c  by  the  area  c  &. 

Tlie  center  of  pressnre  upon  any. surface  is  opposite  the  center  of  ^ 
grsvity  of  the  area  representing  the  total  pressure  upon  that  surfince.    Tbns,  in 
Figs.  1,  tiie  center  of  pressure  on  no,  is  opposite  tbe  center  of  gravity  of  the 

2 
triangle,  n  o  9,  or  at  a  depth,  (f,  =»  —  H,  below  tbe  water  surlaoe.   fiaeXbe  Center 

of  Pressure,  Arts  8,  etc.,  also  f^f  133  etc.,  of  Statics. 

The  bydrostatlc  paradox.  For  a  given  depth,  A,  both  tlie  mean  unit 
pressure,  p,  and  (for  a  given  area,  a)  the  total  pressure,  P,  are  independent 
of  tbe  quantity  or  water.  Thus,  in  Figs.  1,  the  walla  sustain  as  great  a  pressure 
from  a  vertical  film  of  water  only  an  inch  thick,  as  if  tbe  water  extended  back 

*For  water,  w  =  about  62.5  lbs.  per  cub.  ft.,  =  about  0.0362  Ibs^per  cub.  inch. 
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for  miles.  In  Fig.  2  (6).  the  excess  of  weight  of  water,  over  that  Id  Fig.  2  (a), 
is  carried  by  the  lower  sloping  wall  of  the  vessel.  The  total  pressures,  r,  upon 
the  equal  bases,  a  b  and  a'  6',  Figs.  2  (e)  aud  ((2),  are  equal.  In  Fig.  2  (c).  the 
total  pressure  upon  the  base  is  greater,  and  in  Fig.  2  (d)  less,  than  the  weight  of 
the  water;  but,  in  either  case,  the  algebraic  sum  of  all  the  vertical  pressures  in 
the  vessel  {upward  pressures  taken  as  negative)  is  =  the  weight  of  all  the  water 
in  the  vessel:  and  the  algebraic  sum  of  all  the  norizontal  pressures  is  =  0. 

Thus,  let  the  lower  part  of  Fig.  2  (c)  represent  a  cubical  box,  8  feet  on  a  side, 
and  filled  with  water.  Now  let  the  tube,  n  o,  36  ft.  high  and  of  0.287  inch  bore, 
be  filled  with  water.  The  water  in  the  tube  alone,  although  weighing  only  about 
1  pound,  will  cause  an  additional  bursting  pressure  of  2250  Btw.  per  sauare  foot, 
or  say  884  tons  total,  to  be  exerted  upon  the  top,  bottom  and  sides  of  toe  box. 


Air  pressure  on  water  sorfaee.  In  addition  to  the  pressure  of  the 
water  itself,  the  free  surface  of  any  body  of  water  sustains  also  the  pressure  of 
the  air,  =  about  14.7  lbs.  per  sq.  inch.  This  pressure  (transmitted  through  the 
water  to  the  walls  of  the  vessel)  is  indicated  by  the  diagrams  (parallelograms) 
marked  "  air  "  in  Fig.  2  (&).  In  most  cases,  the  pressure  against  a  surface,  dae 
to  the  air  pressure  on  the  water  surface,  is  counter-balanced  by  an  equal  pressarv 
of  the  air  in  the  opposite  direction,  as  against  the  outer  sides  of  the  wal^  of  the 
vessels  in  Figs.  2,  and  against  the  dowo>8tream  sides  of  the  dams  in  Figs.  1. 

Strictly  speaking,  the  air  pressure,  exerted  directly  against  'the  walls.  Fig.  2, 
or  against  the  dams,  Figs.  1,  being  exerted  practically  at  the  centers  of  gravity 
of  those  surfaces,  and  therefore  at  lower  elevations  than  the  opposite  pressure 
due  to  the  air  pressure  on  the  water  surface,  is  a  very  little  greater  than  the 
latter.  In  a  dam  100  ft  deep,  this  difference  would  amount  to  about  0.027  Ifo  per 
sq  inch,  =  0.0018  atmosphere. 

Braees  for  dams.  The  water  pressure  being  normal  to  the  pressed  sur- 
face, the  posts,  Fig.  3,  mast  also  be  normal  to  the  surface,  D,  if  they  are  to  recelTe 


that  pressure  longitudinally  and  thus  avoid  bending  moments;  but  other  con- 
siderations may  forbid  their  being  so  placed.  Thus,  if  the  face,  D,  of  the  dam. 
is  nearly  vertical,  the  posts  would  have  to  be  made  inordinately  long;  ana 
their  cortseqnent  weaktiess,  ns  pillars  (unless  made  inconveniently  thick)  might 
more  than  offset  the  advantage  due  to  directness  of  pressure.  Moreover,  the  feet 
of  the  down-stream  j)ost8  would  project  beyond  the  crest  of  the  dam,  and  would 
thus  be  liable  to  injury  by  ice  or  logs,  etc.,  tumbling  over  the  dam. 

Inasmuch  as  the  pressure  increases  uniformly  from  the  water  surface  down- 
ward, the  posts  are  usually  placed  closer  together  near  the  bottom  than  near  the 
top,  although  the  shortness  of  the  lower  ones  renders  them  stronger  as  pillars. 
Similarly,  the  hoops  on  tanks,  if  of  uniform  strength,  are  placed  closer  together 
near  the  bottom.  (^  ] 
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MorlBontal  and  vertical  componeiito.  lo  Figs.  1  (b)  and  (c),  the 
force  triangle  (Statics, iHf  46,  etc.)  gives  us  the  horizontal  and  vertical  components, 
L  and  V,  of  the  total  normal  pressure,  P.  Or,  if  n  o  l>e  taken,  in  each  case,  as 
representing  the  total  normal  pressure,  P,  hy  scale,  then  H  =  the  total  hori- 
zontal pressure.  In  Fig.  1  (a),  with  pressure  against  a  vertical  surfiuse. 
L  =  P,    and    V  =  0. 

lu  Fig.  (6),  the  vertical  component,  V,  presses  the  wall  downward  against  its 
base;  but  in  Fig.  (c)  it  tends  to  uplift  and  overturn  it. 

The  depth,  H,  being  the  same  m  each  of  the  three  iSgures,  Figs.  1  a,  b  and  e, 
the  vertical  projections  of  the  three  submerged  surfaces  are  equal,  and  hence  the 
total  horizontal  pressures  are  equal  in  the  three  cases ;  but  the  horizontal  projec- 
tion, and  consequently  the  total  vertical  pressure,  vary  witb  the  inclination  of 
the  surface.  Thus,  in  Fig.  1  (a),  the  horizontal  projection  and  the  vertical 
pressure  are  each  =  0. 

Pressures  in  cubieal  and  otber  vessels,  ftall  of  water.    Let 

F 
F  =  the  weight  of  water  contained  in  a  prismatic  vessel ;  and  /  =s  -  s  the 

o 
weight  of  that  in  a  conical  or  pyramidal  yessel  of  the  same  base  and  height. 

In  a  cubical  vessel,  we  have 

pressure  on  base =  F ; 

F 

"         "  one  side ~  o» 

F 
"         "  base  and  four  sides  together  «F  +  4|=8F. 

In  a  conical  or  pyramidal  vessel,  we  have 

pressure  on  base =  3/=  F. 

In  a  spherical  vessel,  we  have 

total  pressure =3X  weight  of  water. 

Art.  a.  Vneqaal  pressures  in  oppfwite  directions.  In  Figs. 
4,  let  a  =  the  area  of  that  portion,  n'  o,  which  is  subjected  to  pressure  on  both 
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sides;  and  let  H  and  h  =*  the  vertical  depths  of  the  center  of  gravity  of  n'o 
below  the  two  water  surfaces,  n  and  n'  respectively.  Then,  in  each  Fig.,  the 
large  triangle,  noq^  represents  the  sum  of  the  pressures  of  the  deeper  water  on 
the  left  against  the  entire  wail,  no;  the  trapezoid,  m  o,  represents  the  sum  = 
a  H  «?,  of  the  pressures  of  the  water  on  the  left  against  the  portion,  n'  o ;  and  the 
smaller  triangle,  n'  o  q^,  represents  the  sum  =  ahw,o{  the  pressure"  of  the  shal- 
lower water  on  the  right  against  the  portion,  n'  o.  Then  the  parallelogram,  n'  a, 
represents  the  excels  of  pressure,  from  the  left,  against  the  portion,  n' o.  This 
excess,  due  to  the  difference,  H-A,  between  the  two  levels,  is  «nVbrm/f/ distributed 
over  n'  o,  the  uniform  excess  unit  pressure  being  represented  by  tlie  ordinate 
n'  m  =  q"  q. 

The  pressure  coming  from  the  right  against  tbe  portion  n'  o,  and  represented 
by  the  triangle  n'  o  <p,  is  balanced  by  an  equal  portion  (represented  by  the 
triangle  n'  o  ^')  of  the  total  pressure,  m  o,  from  the  left  against  the  portion 
n'o ;  and  the  centers  of  these  two  pressures,  each  being  at  a  depth  ==  %  n'  o 
below  n'y  are  opposite.  Hence  these  two  pressures  are  in  equilibrium.  But  the 
center  of  the  excess  pressure,  n'o,  from  the  left,  is  opposite  the  center  of  gravity 
of  the  parallelogram,  n'y,  or  at  tne  center  of  gravity  of  n'o.  Hence  the  portion 
n'o,  considered  independently  of  n^  n,  is  acted  upon  by  the  unbalanced  force 
n'9,  coming  from  the  left,  acting  through  its  center  of  gravity  and  therefore 
tending  to  move  it  bodily  toward  the  right,  without  rotation.^  . 
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Z,nTt  5i  ?„  ft^  ^k'  long  hoT ;  making  the  area  of  eaob  iurf  praased, 
^i«?.i  J?  A""**?-  T'*' P*"*"  in  »«•  against  «aoli  separate  'iO  aq  a  of  area, 
calculated  bj  the  rule  in  Art  I,  is  shown  in  the  flg.  Now,  the  outwMd 
^  K?.  *«*»°«*  **»e  "PP«r  immened  20  ft  area,  or  that  of  plank  3.  is  2125  lb«  ; 
while  the  counter-pres  against  it  fh>m  the  other  side  is  625  lbs ;  makinc 
SwpSf^ln?  ^".'"{JT*  P^  ''^"**  **»  8125-e26=2600  lbs.  Again,  at  the 
fifi^  ?l^^^^'  k^^^  outward  pres  exceeds  the  inwlrd  one  by 
66^6  —  3125  -  2500  lbs,  the  same  as  in  the  upper  one.  And  so  of  any  other 
!12rK*i'*K*"','°''''  »i»°y  deP'b  whatever;  the  excess  depending  upon  the 
jert  height  of  «  n,  wiU  be  equallj  distributed  orer  a  b.  It  only  remains 
to  show  that  the  total  excess  of  outward  pres  against  a  b.  Is  eqoal  In 
amount  to  the  wt  of  a  uniform  column  of  water  with  a  base  eqoal  in  area 
to  o  6.  and  with  a  height  equal  to  mn.  Thus,  we  have  seen  that  in  the 
instance  before  us,  the  excess  amounts  to  3  times  2600  lbs,  or  to  7500  Iba. 

iZ'^RiVvil  -  ?.M  ^"^  *'  TJ^"^^  ''"^  ^J^  <*>•■  »"*  of  a  fc)  X  w  n  (er 
mV^  •*•*  "■  T  ^*^  ^* '  **  ""•  '•*■»  *«  '*»«  «*c«*  Pr«»  on  a  5. 
•«iA.nfw  ♦K-  ^i<r  K-*—    *!.       ?  ®***®"  °'  P™*  a««^n»'  tbe  entire  side  $  b,  over  that  against  n  o,  la 
•rtdenUy  the  dlff  between  those  two  pressures  calonlated  respeotirely  by  the  role  In  Art  1. 

Art.  3.  Sarfiuses,  Tert,  a8hm€a,anot,Vig  6,  or  other  wise,  of 
e«|nal  widths,  6  m,a n;  commencinir  at  tbe  ievel,  b a  nm,  of 
tbe  water,  bnt  extendiiiir  to  ailT  depths,  m  c,  n  o,  measnred 
vert;  and  having  the  same  inclination  to  the  snrf  of  the 
•f*tfho«ede^hL  pressares  proportional  to  the  squares 

In  Fig  6,  let  the  two  vert  sides,  anot,  and  &  m  e  «.  of  a  reiaeL 

have  the  sam.  width  a  n,  and  6  i» ;  tbea  If  the  depth  m  e,  be  2,  S, 

4,  5,  &c,  times  greater  than  the  depth  n  o,  tbe  pres  against  the  sorf 

b  vice,  will  be  i,  9,  16,  25,  &o,  tiiuea  greater  than  that ag«inst an oC 

This  will  be  seen  bj-  referring  to  the  pressures  figured  on  the  left  side 

of  Fig  5,  where,  as  stated  in  Art  2,  the  surf  of  plank  1,  exposed  to 

tbe  pres  od  the  left  side,  is  20  sq  ft ;  that  of  planks  1  and  2,  40  aq  ft; 

that  of  plaoks  1,  2,  and  3,  60  sq  ft,  &c.    All  these  surfs  commence  at 

*-j}fcr  "»    ";W_I  the  level  of  the  water;  and  all  of  them  being  vert,  are  of  course  at 

J^'  V  *  y  /^  the  ^ame  inolinatioa  with  the  water  surf;  but  their  depth*  are  re- 

\  '/     IB-  /t      spectively  1,  2,  and  3  ft.    The  pres.  against  the  surf  of  1,  is  625  BM: 

NjJe/       "^  "       that  against  the  aurf  of  1,  2,  is  6254-1875  =  2500;  and  that  against 

the  aurf  of  1,  2,  3,  i8  625  +  1875-j-312o  =  56J5.   But  2500  is /bur  time* 

..«     1.  /   ui  •.  <    .  ^'^ '  ^^^  ^^^^  ^^  ^*"*  times  62».    And  the  pres  iagainst  the  entire 

SrV«'  ^  «-«  i"  °  "™*"  "  '^"'P  ^^  P'""**  l'>  ^^  25  times  as  great  as  that  against  plank  1 ;  or 

»»  X  25  =  15625  lbs  =  the  sum  of  all  the  pressures  marked  on  the  left  side  of  Pig  6. 

This  follows,  fh)m  the  Rule  in  Art  1 :  for  twice  the  area  of  surf,  mult  by  twice  the  vert  depth  of  tbe 
oen  of  grav  below  the  surf,  must  give  4  times  tbe  pres  j  three  times  the  area,  bv  three  times  the  devth. 
must  give  9  times  the  pres,  Ac. 

It  follows,  also,  that  at  any  parUonlar  point,  or  against  any  given  area  plaoed  at  various  depths,  tbe 
pres  will  increase  simply  as  the  vert  depth  :  thus,  if  there  be  three  areas,  each  one  sq  ft.  plaoed  in 
the  same  positions,  but  with  their  centers  of  grav  respectively  8,  16,  tnd  24  ft  below  the  surfrthe  nree 
against  them  will  he  renpectively  as  8,  16,  and  24;  or  as  1.  2,  and  3. 

^rf •  *•  '*''**  pressure  of  qniet  water,  in  any  one  viven  di- 
rection, against  any  given  plane  surface,  whether  vertical,  horizontator  inclined, 
is  equal  to  the  weight  of  a  prismatic  column  of  water,  the  area  of  whose  section,  parallel  to  its  baae. 
IS  eqaal  to  the  area  of  the  prqjection  of  the  given  surface  taken  at  right  angles  to  the  given  direction, 
•nd  whose  height  is  equal  to  the  vertical  depth  of  the  center  of  gravity  of  the  given  snrfkee  below 
the  upper  surface  of  the  water.    Hence  the 

RuLB.  To  And  the  pres  in  lbs,  mult  together  the  are* 

in  sq  ft  of  the  projection  taken  at  right  angles  to  tbe  given  dbreotion ;  the 
vert  depth  in  ft  of  the  cen  of  jfrav  of  the  pressed  surf  below  the  upper  surf 
of  the  water ;  and  the  constant  62.5  lbs  wt  of  a  cub  ft  of  water. 

Bx.  Let  lit  c«  n.  Fig  7,  be  an  inclined  surf,  sustaining  the  pres  of  water 
which  is  level  with  its  top  m  e.  Then  the  total  pree  against  m  c  t  n.  and  at 
right  angles  to  it.  as  found  by  the  rule  in  Art  1,  is  an  iUustration  of  the  pres- 
ent rule ;  because  the  projection  of  m  e  <  n.  taken  at  right  angles  to  the  given 
direction,  or  parallel  to  m  c  t  n.  is  in  fact  mctn  itself,  or  equal  to  it.  Heoee 
the  rule  in  Art  1  is  merely  a  simple  modification  of  the  present  one,  appli- 
cable to  the  case  of  total  pres  against  any  surf. 

Bat  if  it  be  reqd  to  And  only  the  vert  or  downward  plfos 
asTAinst  me  an,  in  pounds,  mult  togiether  the  area  of  the  hor  projection  aoem 
in  sq  ft;  tbe  vert  depth  in  ft  of  the  cen  of  grav  of  m  ct  n  below  tbe  surf;  and  62.5.  Or  if  only  tbe 
kor  pros  against  m  c  «  n  be  sought,  mnlt  together  the  area  of  the  vert  prqfeotton  a  o  t  n;  the  vert 
depth  of  the  cen  of  grav  of  m  c  <  n;  and  62.5. 

In  Fig  8  also,  the  total  pres  against  e/ghla  found  by  rule  in  Art  1 ;  while 
the  Jior  and  vert  pressures  against  it  are  found  as  in  Pig  7.  by  using  tbe  pnjee- 
tioos  e/ki,  and  high.  In  Fig  7  the  vert  pres  is  downward ;  while  in  Fig  8 
it  Is  upward ;  but  this  oiroumstanoe  in  no  respect  afbota  the  mle. 

Em.  1.  At  any  given  depth,  the  pres,  perp  to  anv  given  serf,  is  the  same 
tn  all  directions;  but  Figs  7  and  8  show  that  the  total  pres  ohUque  to  a  given 
surf  will  be  less  than  the  perp  one  at  the  same  depth  ;  because  an  oblique  pro- 
jection of  a  surf  must  be  less  than  the  surf  Itself  which  last  is  tbe  projeetios 
rf««i„-  -I.I  ''*'»?  ?*?  P""  *'  P*'"P  *°  **•    ^''"•'  *"  •  reservoir,  the  total  pree  perp  to  a 

doping  side,  as  m  n  •  e,  Fig  7,  is  greater  than  either  the  vert  or  the  hor  pres  upon  iu 
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Again,  let  Fig  9  represent  a  conical  vewiel  ftall  of  water; 

lit  base  be,3H  (uam ;  lu  vert  height  a  n,  8  ft;  then  the  oirouiar  of  the  hue  vill  bu 
CaSSi  ft;  the  area  of  the  baee  3.141tt  aq  ft;  the  length  of  iu  alaot  aide  a  b  or  a  e,  3.16 
ft;  the  area  of  lu  curved  slanting  sides  wiU  be  ^'^^^  ^  ^'^^  =  ».W  iq  ft;  and  the 

vert  depth  of  the  een  of  grav  of  the  ilaoting  sides  will  be  at  two-thlrdi  of  the  vert 
height  a  n  from  the  apex  a,  or  2  ft. 

Here,  to  find  the  total  pree  againit  the  base,  we  have  by  rule  in  Art  1,  8.1416  X  3 
X  62.5  =:  58».05  lbs.  For  the  total  pres  agaluHt  the  slant  sides,  bj-  the  same  rule, 
9.93  X  2  X  62.5  =  1241.25  lbs.  For  the  vert  pres  upward  against  the  entire  area  of  the 
slant  sides,  we  have  given  the  area  of  the  base  (which  is  here  the  hor  projection  of 
the  slant  sides)  =  3.1416 ;  and  the  vert  depth  of  the  oen  of  grar  of  the  slant  sides,  2  ft.  Therefore, 
3.1416  X  2  X  62.5  =  S»2.7  lbs,  the  upward  vert  pres.  ^  „   ,   ^ 

Finalh',  for  the  hor  pres  in  any  given  direction  against  the  slant  sides  of  one  kaJf  of  the  oone,  w» 
have  the  vert  proJeeUen  of  fbat  half,  represented  *ij  the  triangle  a  be,  with  te  b«M  2  ft,  and  Its  perp 
height  3  ft ;  and  censeqaeuUy,  with  an  ar««  of  3  sq  fu  The  depth  of  It*  eeo  of  fntv  Is  S  fl;  therefen, 
8  X  2  X  62.5  =  375  lbs,  the  reqd  hor  pret.e 

In  Fig  10,  which  represents  a  vessel  full  of  water,  the  total  pres 
sgaiBst  the  Mmi<aytindrlcal  surf  a  r  e  m  d  t.  nr  -*  ""tp  m  tt:  Tntivtrtft  ^  T- 

alaohor,  because  the  surf- is  vert;  bat  ini  ed,  "^  " 

this  total  pres,  as  found  by  rule  in  Art  1  '  .  . :.  i ;  i  <  n  di- 
reotions,  which  might  be  represented  bv  uu  inUiiiK'  uumber  or  radii 
drawn  from  o  as  a  center.  Bat  let  it  be  reqd  ta  Qud  the  hor  pres  in 
lbs,  in  one  direction  only,  say  parallel  to  u  e,  or  perp  to  ad;  which 
vould  be  the  force  tending  to  tear  the  curved  surf  awny  from  tlie  flat 
■ides  a  b  nv,  and  de$  k,hj  producing  fractures  aloog  the  lines  av 
and  dk;  or  which  would  tend  to  burst  a  liipe  or  other  cylinder.  In 
this  case,  mult  together  the  area  of  the  vert  projection  ad  kv  in  sq 
ft  j  the  depth  of  the  cen  of  grav  of  the  curved  Burf  in  ft;  (whioh,  in 
the  semi-cylinder  would  be  half  of  e  m,  or  of  o  i ;)  and  62.5.  Since 
the  resulting  pres  is  resisted  equally  by  the  strength  of  the  vessel 
along  the  two  Tines  a  v  aud  d  i,  it  is  plain  that  each  eiugle  thickuess 
aJong  those  lines  need  only  be  sufficient  to  retii$!t  safel.v  one  half  of  it; 
and  so  in  the  case  of  pipes,  or  other  cylinders,  such  as  hooped  cistcrtls 
or  tanks.   See  Art  IT.  ^     ^ 

Should  the  pres  against  only  one  half  of  the  curved  surf,  as  e  d  mt 
be  sought,  and  in  a  direction  parallel  to  o  d.  tending  to  produce  frac- 
tares  along  the  lines  e  m,  and  d  k,  then  use  the  vert  projection  o  e  m  i ;  with  the  same  depth ,  ana  VtA 

"it  foU^wB,  that  If  the  face  of  ametaUio  piston  be  made  oonMYe  or  oooTe^  no  >»•«  Pi^^"  *>•  "^* 
to  force  the  piston  through  any  dlst.  than  If  H  were  flat  r  «>r  the  prj»  Mutest  the  ^c«.<»f  *J»*  Pj»*"^ 
in  the  direction  in  which  it  moves,  must  be  measared  by  the  area  of  a  pn^eetlon  of  «»»  »•«•  ™" 
at  right  angles  to  said  direction ;  and  the  area  of  said  prqieotion  will  be  the  same  in  aU  three  cases. 

Rkm.  2.    If  a  brtdiire  pter,  or  otber  constraction, 
FlK  10  U,  be  founded  on  sand  or  gravel,  or  on  any  kind  of 

foundation  through  which  water  may  find  its  way  underneath,  even  in  a  very  thin 
■heet.  then  the  upward  pres  of  the  water  will  take  eflTect  upon  the  pier ;  and  will  t«nd 
to  lift  it.  with  a  force  equal  to  the  wt  of  the  water  displaced  by  the  nler;  (Arts  18, 
19.  In  other  words,  the  eflfectlve  wt  of  the  atibmerged  portion  of  the  pier, 

will  be  reduced  62^  lbs  per  cub  ft;  or  nearly  the  half  of  the  ordinary  wt  of  masonry. 

irtich.  in  ^tUt  w»t^,  will  then  actually  be  g^ter  than  on  land. 

Art.  9.  To  divide  a  rectanipnlHr  suri; 
wbetber  vert  m  abed,  nr  inclined  m 
m  n  op,. Wig  11»  wbo«e  top  a  6  or  tnn  is 
level  witb  tbe  surf  of  the  water,  by  a 
bor  line  at  2,  such  tbat  tbe  total  pres 
acainst  tbe  part  above  said  bor  line, 
sball  eqnal  tbat  a«rainst  tbe  part  be- 
low it. 

Bulb.  Molt  one  half  of  the  length  of  *  c.  er  m  j».  as  theicase 
may  be,  by  the  oonsunt  nnmber  1.4142;  the  prod  will  be  i  i. 

^^Si''  Let  »  c=  12  ft.    Then  6  X  1.4142  =  8.4852  ft;  or  5  2. 
Let«i»  =  16ft.    Then  8  X  1.4142  =  11.8186  ft,  or  «  at. 

Bmu.  The  Uae  x  2,  tiias  fbnnd,  mnit  not  be  ooufounded  with 
theceno/pret,  which  i«  entirely  diff.    See  An  8.  m.       j   ^      j« 

A  w  «  ma  rectangular  surf,  wbetber  vert  as  a  bed,  or  in- 
«'*•-!--  !i  «  ««^  ipSrl  i.  wbose  top  a  bor  tnn  coincides  witb 
Sb^snrf^ribe  wi^rTto  «nd^^^  nSmber  of  points,  as  1, 2.  Ac, 
SrouKh  wblclTif  bor  lines,  as  1*,  2»,  Ac,  be  drawn,  t^ey^l" 
divSSftbe  ffiven  »arf  into  smaller  reetaniples,  all  of  wbicb 
aiaiaii  sustain  eoual  pressures. 

"  *  In  a  spbere  filled  with  a  flnid  the  total  in«dec,tre*b4irtlime«  wt  of  fluid. 
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I «  or  m  j7.  u  the  oaie  may  be.  Dir  (he  prod  by  the  aumber  of  reotang lee.  The  qoot  will  be  the  iM 
k  1,  orn  1,  an  the  eaae  may  be. 

For  the  diet  b  2,  or  n  2,  proceed  In  precisely  the  aame  way;  oDiy  instead  of  the  naxnber  1,  nie  the 
namber  2  to  be  mult  by  the  number  of  reotaugles:  and  lo  ose  Baocessively  the  numbers  S,  4,  6,  ko, 
if  it  be  reqd  to  Bnd  that  namber  of  points. 

Bz.  Let  6  e  =r  10  ft ;  and  let  it  be  reqd  to  find  2  points,  1  and  2,  for  dividing  the  reetangnlar  ewf 
mbcd  Into  3  rectangular  parts,  which  shall  sustain  equal  pressures.    Here  we  have  for  point  1, 

1X8=8.    The  iq  rt  of  S  =  1.782.    And  1.782  X  10  (or  6  c)  =  17.82.    And  ^    *^'*       =  » 


For  point  2,  we  have 

2X8  =  6.  Thesqrtof  6=2.M9.  And  2.M9  X  10  (or  6  e)  = 

And  so  for  aur  number  of  points. 


8  rectangles 


_=6.7T8ft=»L 


24.40 


8  rectangles 


-  =  8.168ft=6t. 
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bam  of  lock-ipates ;  tbe  boops  around  cylindrical  cisterns } 
and  tbe  props  to  a  strnctnre,  like  Fiff  8. 
BxM. 'i.   For  dividing  any  surf,  mnobedy  Fi|r  1^*  wbieb  is  not 
rectanipaiar.  In  tbe  same   manner, 

with  an  accuracy  sufficient  for  most  practical  purposes,  par* 
haps  the  following  method  is  as  convenient  a«  any. 

Bulb.  First  div  tbe  surf,  as  in  Fig  12,  into  several  small 
hor  parts,  equal  or  not,  at  pleasure.  Then  by  Rule  in  Art  1, 
find  the  pres  on  each  part  separately,  as  is  supposed  to  be 
done  in  the  n  ambers  on  the  left  hand  of  the  flg.  The  sum  of 
these  (in  this  case  15510)  is  the  total  pres  against  the  entire 
surf  0  6  e  <i.  Now  suppose  we  wish  to  div  this  surf  in  4  parte 
bearing  equal  pres;  first  div  16510  by  4  =  8878.  Then  begin- 
ning at  the  top,  add  together  a  number  of  the  separate 
pressures  sufficient  to  amount  to  8878 ;  by  this  means  find 
point  1.  Then  procMd  with  the  addition  until  the  sua 
amounts  to  twice  8878.  or  7756,  which  will  indicate  point  2; 
and  in  the  same  manner  find  point  8,  by  adding  up  to  three 
times  3878.  or  11634.    Then  the  bor  dotted  lines  ruled  through 

Gints  1.  2,  and  8,  will  give  the  reod  divisions  approximately, 
this  manner  the  hoops  of  conical,  and  other  shaped  vee* 
sels,  may  be  spaced  nearly  enough  for  practical  purpoeee. 

Art.  7.  Tbe  transmission  of  pressure  tbroagb  water.  Wa- 
ter, in  common  witb  otber  fluids,  possesses  tbe  importiuit 
property  of  transmitting:  pres  equally  in  all  directions.  Thm, 

snppoee  the  vessel.  Fig  18,  to  be  entirely  cloeed,  and  filled  with  water; 
and  suppose  the  transverse  area  of  T,G.  D,  and  E,  to  be  each  equal  to  oa* 
sq  inch.  Then,  if  by  means  of  a  piston,  or  otherwise,  a  pres  of  1  lb,  1 
ton.  or  any  other  amount,  be  applied  to  the  one  sq  inch  of  area  of  T,  0, 
D,  or  B.  every  sq  inch  of  the  inner  surf  of  tbe  vessel,  and  of  the  pipea* 
will  instantly  receive,  at  right  angles  to  it^^elf.  an  equal  pres  of  1  ft.  or 
1  ton,  Ac:  in  addition  to  tbe  pres  which  it  before  sustained  from  the 
water  itself;  and  this  will  occur  if  the  vesml  consist  of  parts  even  mileo 
asunder ;  as,  for  Inatanoe,  if  T  wore  miles  distant  from  B :  and  uoitod 
to  it  tnr  a  long  aeries  of  tubes.  If  the  vessel  were  a  strong  iteam  boUor 
foil  or  water,  a  single  pres  of  a  few  hundred  pounds  at  T,  C,  ke,  would 
burst  it.    Hee  also  Fig  2  (<r)  and  paragraph  above  it. 

Tbe  bydr<Mitatlc  press  acts  on  this  prlii- 
Ciple.    Any  body,  within  the  vewel,  would  alsu  receive 
an  eqoal  additional  pree  on  each  so  inch  of  its  surf. 

If  the  top  of  T  be  open,  the  air  will  press  upon  the  sq  inch  of  the  exposed  surf  of  water  to  the  extent 
of  nearly  15  lbs ;  and  the  same  degree  of  pres  will  also  be  transmitted  to  ererv  sq  inch  of  the  interior 
surf  of  the  vessel,  and  its  oonnecting  tubes ;  but  no  danger  of  bursting  will  result  from  this  atmo- 
spheric pres,  beeause  the  air  also  presses  every  sq  inch  of  the  outside  of  the  vessel  to  the  eamo  extoaC. 

Air,  and  otber  icaseous  fluids,  transmit  pres  equally  in  all 
directions,  like  liquids;  but  not  as  rapidly. 

Art.  8.     Tbe  center  of  premnre.    Let  Fig  14 

represent  a  vessel  full  of  water,  and  suppost:  the  side  P  to  be  perfectly 
loose,  so  as  to  be  thntwo  outward  by  the  slightpst  pres  of  the  water  from 
within.  Now,  there  isi  but  one  single  point,  P.  in  every  surf  so  pressed, 
no  matter  what  its  shape  mar  he,  to  which  if  we  apply  a  force  equal  to 
tbe  pres  of  the  water,  and  in  a  direction  oppoi^ite  to  said  pres,  the  aide  P 
will  be  thereby  prevented  from  yielding.  Such  point  in  called  the  cam* 
ter  of  prtMur*.  It  mtist  not  be  undc^rstood  by  thlw  that  tbe  actual 
amount  of  pres  of  th«'  water  against  that  part  of  the  surface  which  Is 
above  the  bor  dotted  tine  passing  through  P,  is  equal  to  that  of  the  water 
below  said  line ;  but  that  tbe  snm  or  the  products  of  the  several  pressure* 
above  it,  mult  by  thtir  gevural  leverages,  or  vert  dists  from  P,  is  equal 
to  the  sum  of  the  prcductH  of  the  pressures  below,  ntult  by  their  lever- 
ages ;  or,  in  other  Wirds,  thht  the  sum  of  the  moments  around  the  |>otot 
P,  of  the  pressures  :ti>ove  the  Hue,  is  equal  to  the  ahm  of  tbe  momtntM 
Plgf.  14.  of  those  below  it;  to  that  if  a  hor  iron  rod  bb  were  passed  entirely 

through  the  side  P,  h<  the  tiame  level  as  tbe  dotted  lin«,  as  shown  Ln  the 
flg.  so  as  to  earve  as  a  hinge  for  the  side  P  to  turn  on,  the  side  would  have  oe^tendenr!^  to  turn.    '  . 
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JLw^  O.  Ta  And  tbe  cen  of  prea  •f  a  qvtot 
flnicl,  ttyaliuit  a  plane  snrfhice.    Fig  15. 

1.  The  center  of  preMure  of  a  quiet  fluid  affsinst  auy  ulane  surflMe 
whoae  width  ia' uniform  throughout  ita  depth,  whether  aald  surfnoe  be 
▼erttoal,  as  e  o,  or  inclined,  an  c  «.  (or  iuolined  in  the  oppoaiie  direction :) 
and  whose  top  e,  or  e,  eoinoides  with  the  hor  water  aurf:  la  distant  vert 
below  the  water  aarf,  two>thirda  of  the  rert  depth,  a  a,  from  aald  water 
•arf  to  the  bottom  of  the  plane ;  aa  at  n  and  i.  Inaamuch  aa  a  hor  line 
at  9<  of  the  depth  ot  »x,  interaecu  both  e  a  and  a  o  at  ^  of  their  lenc the 
respeetively,  we  might  aay  at  onoe  that  the  oeuter  of  prea  againat  a  plane 
•f  OBiform  width  ia  at  two-thirda  of  Ita  length  below  the  water  anrfaoe. 

Throuffhoat  Art  9  any  measure,  as  yard,  foot,  or  inch 
Ac,  may  be  used. 

8.    But  if  the  hor  top  a,  or  o,  Fig  16,  of  the  rectangular  plane  ef  ,  «r 
•  ft.  be  oovered  to  aome  depth  with  weter,  then  the  rar<  depth  am^  eg  tbe 
•en  of  prea  d,  or  a,  below  the  aurf  of  the  water,  will  beefMl  le 
cube  ot  »e  —  enbe  of  aw 


l-i 


aquare  of  a  e  —  aquare  of  t  w 
where  «  e  la  the  Tert  depth  of  the  bottom,  and  a  w  the  vert  depth  of  the 
top,  of  the  preaaed  aurf.  below  the  water  aurf.  Or,  in  worda :  From  the 
enbe  of  a  e,  take  the  cube  of  aw;  and  call  the  rem  «.  Then,  f^om  the 
•qnare  of  •  e,  Uke  the  aqnaie  of  aw;  and  eall  the  rem  h,  Div  a  hj  k, 
and  take  two-thlrdi  of  thefaet  for  am. 


Fiff.l5. 


iriff.16. 


8.  When  e  plane  aurf  of  any  ahape  whatever,  whether 
reotangnlar,  trfangnlar,  or  droular,  Ac;  whether  vert  as 
op,  Fig  17,  or  ladlaed  aa  «»<».  ia  tnttrei^  <mm«f««d,  aoaa  te 
he  preaaed  orer  the  entire  area  of  hctk  aMea  *  bat  bj  dfif 
4*9ik»  of  water  en  Ita  two  aldea ;  then  the  een  of  prea  coin- 
eides  with  the  oan  t/gfwt  of  the  preaaed  aurf. 

In  the  8  fbregoing  flgnrea  the  anppoaed  anrfheea  are  abowa 
edgewise,  so  that  their  widths  do  not  eppear. 


FiiriT. 


4.  In  any  triangular  plane  aurf.  whether  right-angled,  or 
elherwlae,  aa  eic.  Fig  18;  whether  rert.  or  Inclined;  the  beae 
a  k  of  which  ooincidea  with  the  hor  aurf  of  the  water ;  the  sen 
of  pres  e,  will  bs  la  the  center  of  the  line  c  r,  which  blaecU  ths 

6.  Bat  If  the  triangle,  aa  a  a  e,  Tsrt,  or  laeHasd.  have  Us 
aptXn  m,  at  the  surf  of  the  water ;  and  ita  baae  a  e,  Aer  /  then  ths 
een  of  prea  x,  will  alae  be  In  the  line  mm  which  blassU  th*  bass; 
hot  as  will  bsK  of  am. 


C  If  aov  plane  triangle  a  5  c,  FIf  19.  baae  npt  and  hor :  have  Its  bass 
•  6  covered  to  aome  depth  n«l,  with  water;  then  the  oen  of  prea  o,  WOl 
he  in  the  Hue  ea  which  hiaeets  the  baae ;  and  wo  will  be  eqnal  to 


ma«  -H  C»mm  X  m«)  +  8ma« 
(ma -I-  2ma)  X  a. 


Fiflr.19. 


7.  "nteeenlerofpreaag^natanT 
^laae  raeton^tiJer  anrfaoe.  Fig  M, 
whether  vert  aa  m  n,  or  Inotined  as 
po,  or  w«;  having  ita  top  coinciding 
with  the  inrf  of  the  water;  and 
preaaed  by  di(f  deptha  of  water  on 
Ita  oppoaite  aldea.  aa  ahown  in  the 
4b;  will  be  vert  below  the  upper 
water  inrf,  a  diat  equal  to 

10/ vert 


Flfir.20. 


(-«::;,%,•??».  x»-v./ab)-  {,Co^:i:z{.  x  *-v'/  '»>> 
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8.  To  find  the  center  of  pressure  against  either  a  circular  or  an  elliptfc  sur- 
face, pressed  on  one  side  only ;  whether  vertical  or  inclined ;  and  having  its  top 
either  coinciding  with  the  surface  of  the  water  or  below  it. 
Let  h  =3  the  vertical  depth  of  the  center  of  pressure  t>elow  the  water  surface, 
r  =  the  vertical  or  inclined  «efni-diameter  of  the  surface. 
d  =  the  vertical  distance  of  the  center  of  the  pressed  surface,  I^elow  the 
water  surface. 
Then 

In  a  vertical  circle,  with  top  at  water  surface,  h^iy^X  radius. 

Art.  10.  Walls  for  resistingr  the  pressure  of  quiet  water. 

A  study  of  our  remarks  on  retainiug-walls  for  earth,  pp.  608,  etc.,  will  be  of  use  in 
tliis  connection.  It  is  of  course  assumed  that  the  water  does  not  find  its  way 
under  the  wall ;  and  that  the  wall  cannot  slide.  In  making  calculations  for  waliB 
to  resist  the  pressure  of  either  earth  or  water,  it  is  convenient  to  assume  the 
wall  to  be  but  one  foot  in  length  (not  height,  or  thickness);  for  then  the  num- 
ber of  cubic  feet  contained  in  it,  is  equal  to  that  of  the  square  feet  of  area  of  its 
cross-section,  or  profile;  so  that  these  square  feet,  when  multiplied  bv  the  weight 
of  a  cubic  foot  or  the  masonry,  give  the  weight  of  the  wall.  In  ordinary  cases, 
it  is  well,  for  safety,  to  assume  that  the  water  extends  down  to  the  very  bottom 
line  of  the  wall. 

Now,  by  Art  1,  the  total  pressure  of  quiet  water,  aeainst  the  rectilineal  back  of 
a  wall,  whether  vertical  or  sloping,  is  found  in  lbs,  by  multiplying  together  the 
area  in  square  feet  of  the  part  actually  pressed,  (or  in  contact  with  the  water;) 
half  the  vertical  depth  of  the  water,  in  feet,  (being  the  verticcU  depth  of  the 
center  of  gravity  of  a  rectilineal  back,  below  the  surface);  and  the  constant 
62.5  fi>s;  and  this  total  pressure  is  nXytKY^  perpendicular  to  the  pressed  area. 


=^-e 


s    a 

Fiff  20;^. 


When  the  back  of  the  wall  is  vertical,  as  in  Fig  20K,  this  pressure  p  is  of 
oourse  less  than  when  it  is  battered ;  and  is  also  horizontal;  and  it  tends  to  over- 
throw the  Willi,  by  making  it  revolve  around  its  outer  toe,  or  edge  /.  The  center 
of  pressure  is  at  e;  cs  being  %  the  vertical  depth  on;  in  other  words,  the  entire 
pressure  of  the  water,  so  far  as  regards  overthrowing  the  wall  as  one  mass,  may 
be  considered  as  concentrated  at  the  point  c:  where  it  acts  with  an  overthrowing 
leverage  1 1.  The  pressure  in  B>s,  multiplied  bv  this  leverage  in  feet,  gives  the 
moment  in  foot-lbs  of  the  overturning  force.  Tne  wall,  on  the  other  hand,  resists 
in  a  vertical  direction  ff  a,  with  a  moment  equal  to  its  weight  (supposed  to  be 
concentrated  at  its  center  of  gravitv  ^r),  multiplied  by  the  horizontal  distance 
a  t,  which  constitutes  the  leverage  of  the  weight  with  respect  to  the  point  <  as  a 
fulcrum.  If  the  moment  of  the  water  is  greater  than  that  of  the  wall,  the  latter 
will  be  overthrown  ;  but  if  less,  it  will  stand. 

In  Fig  21  the  overturning  moment  of  the  water  is  equal  to  its  calculated  pres- 
sure p  X  its  leverage  1 1;  while  the  moment  of  stability  of  the  wall  is  equal  to 
its  weight  X  its  leverage  a  t.  By  aid  of  a  drawing  to  a  scale,  we  may  on  this 
principle  ascertain  whether  any  proposed  wall  will  stand.  For  we  have  only  to 
calculate  the  pressure p,  then  apply  it  at  c,  and  at  right  angles  to  the  back  ;  pro- 
long It  to  /;  measure  /  /  by  the  same  scale.  Then  calculate  the  weight  of  wall ; 
find  its  center  of  gravity  a  ;  draw  g  a  vertical,  and  measure  the  leverage  a  t.  We 
the?i  have  the  data  for  calctilating  the  two  moments. 

If  the  water,  instead  of  being  quiet,  is  liable  to  waves,  the  wall  should  h%, 
made  thicker.  ©  1       i  n  ] 
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Fig.  23. 


Fig.  24. 


Art.  11.  To  And  tlie  tlilekneflw  at  base  of  a  wall  reoulred  to  b« 
safe  against  ovetiwrning  under  tlie  pres  of  quiet  water  level  with  its  top,  an4 
pressing  against  its  entire  vert  back.    Caution.    See  Art.  18. 

(1st)  Tertlcal  waU,  Fig  22. 


Thickness      Height         /   Factor  of  safety  ♦        Height      the  proper  decimal 
in  feet    "■  in  feet  X  -y  3  x  sp  gray  of  wall  "*  *°  ****      *°  following  table 


(8d)  Rlfflit  anffled  trlanffolar  wall.  Fig  28. 

Thickness      Height    ,      I   Factor  of  safety  •        Height  ^^  the  proper  decimal 

?i  fISt     "  ^"^  '^^      V2XBP  gray  of  wall  ""  *«»  f*®^  ^  *«  fallowing  table 

i«  thickness,  mo,  of  yertical  wall  X  1>226. 

Notwithstanding  their  greater  thickness  at  base,  such  triangular  walls  con- 
tain, as  seen  by  the  fig,  not  much  more  than  half  the  quantity  of  masonry  reqd 
for  rert  ones  of  equal  stability.  This  is  owing  to  the  fact  that  their  cent  of 
gray  is  thrown  farther  back ;  thus  increasing  the  leyerage  by  which  the  wt  of 
the  wall  resists  overthrow. 

(3d)  Wall  witli  vertical  back  and  slopinir  teee»  Fig  24. 

^at°ba"^=  .  /  (Ht>.  f^  X  factor  of  safety  ♦)  +  (batter  A  n«,  ft  X  sp  gray  ofwatt) 
in  feet    ^  Al  3  X  specific  gravity  of  wall 

=  Height  in  feet  X  the  proper  decimal  in  the  following  table. 


Fig.  22. 

Sp.  Gr.  I 

Lbiper 
Cub  Ft. 

Resist  =1.5  pres. 

Resist  =  2  prei. 

Resist  «B  3  pre*. 

Dressed  Granite... 
Dressed  Sandstone 

Mortar  Bubble 

Brickwork 

Fiar.  23. 

DresseiTOranlte... 
Dreaied  Sandstone 

Mortar  Robbfc 

Brickwork 

•2.5 
1.1 
1. 
1.8 

2.5 

2.2 
2. 

1.8      I 

15« 
137 
135 
112 

156 
137 
125 
113 

.447 
.477 

.500 
.527 

.5l8 
.584 
.613 
.646 

.516 
.650 

.678 
.609 

,633 

.675 
.707 
.74« 

.833 
.674 
.707 
.746 

.775 

.m 

.866 
.913 

'-■ 

1^ 

O 

2.2 
2. 
1.8 

31 

Resist  =  1.5  pres. 

Resist  «a  2  pres. 

Fiff.  24. 

Ratter 
I  in.  to 
a  foot. 

Batter 
2  ins.  to 
afoot. 

Batter 
4  Ins.  to 
afoot. 

Batter 
6  Ins.  to 
a  foot. 

Batter 
1  in.  to 
a  foot. 

Batter 
2  ins.  to 
a  foot. 

Batter 
4  Ins.  to 
a  foot. 

"  .551" 

,(m 

.640 

Battar 

6  Ins.  t* 
a  foot. 

Dressed  Granite... 
Dressed  Sandstone 

Mortar  Robbie 

Briokwork... 

156 
137 
125 
112 

.449 
.480 
.502 
.530 

.458 
.488 
.510 

.539 

.487 
.515 
.536 

.532 

.558 
.578 

.m-i 

.519 
.552 
.571 

.621 
.5«( 

.5W 
.61 

3 

.593 
.622 
.646 
.674 

*FMt«r  of  MtfetT  »  Rgqwired  moment  of  stabtHty  of  wall 
oTertomioff  moment  of  water 
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Art.  12.    Table  showiiiff  liow  the  stability  of  a  wall  sastalii- 
ingr  water  is  affected  by  a  etianipe  in  ttie  form  of  the  wall ; 

the  quantity  of  masonry  remaining  the  same.  Rem.  When  the  base  of  a  tri- 
angular wall,  of  sp  gray  2,  is  less  than  h  the  ht,  the  stability  is  greatest  when 
the  water  presses  the  vert  side ;  but  if  the  base  exceeds  ^  the  ht,  the  stability 
1b  greatest  with  the  water  on  the  battered  side.    Caution.    See  Art.  13. 


All  these  walls  contain  precisely  the  same 
quantity  of  masonry.  The  masonry  is  supposed 
to  be  mortar  rubble,  weighing  125  lbs  per  cubic  foot;  or  twice  u  much 

''  as  water ;  or  about  the  aame  as  ordinary  rough  mortar  rubble.  It 
the  sp  gr  of  the  masonry  is  actually  greater  or  less  than  this,  the 
safety  also  will  be  greater  or  less,  in  precisely  the  same  proportion. 

Tertical  wall 

Face  rertioal ;  back  batters  one-tenth  height 

"         *•  "         "       one-fifth        *'      

"         "  '•         **       one-fourth    "      

«'         "  "         "       one-third      "      

"         "  "         "       four-tenths  "      

"         "  ••         "       one-half        "      

Back  Tertical ;  face  batters  one-tenth  height 

"         ••  "         "       one-fifth        "      

•'         "  "         "       one-fourth    "      

"         "  •'         "       one-third      '•      

"         "  "         ".      four-tenths  "      

••         "  "         "       one-half        " 

Back  and  face,  each  batter  one-tenth  height 

'•         "  "         *'       one-fifth        ♦•      

•*         '♦  '*         "       one- fourth    "      

"         "  "         "       one-third       *'      

"         *•  "         "       four-tenths  •'      ., 


lasein 
parts  of 
^ight. 


Approx 

resist  ol 

waU. 


.5 
.65 
.6 


.7 
.76 
.55 
.6 


.76 

.6 

.7 

.75 

.838 

.9 


1.5 
1.8 
2.2 
2.6 
S.6 
4.9 
14.0 
1.8 
2.1 
2.2 
2.4 
2.6 
2.9 
2.2 
S.4 


Art.  18.  liiability  of  wall  or  foundation  to  crush  under 
unequal  distribution  of  pressure.  Arts  11  and  12  applv  only  to 
the  stability  of  a  rigid  wall  resting  upon  a  rigid  base,  and  therefore  incapable 
of  failure  except  by  overturning  as  a  whole.  They  show  that  the  stability  is 
greatest  when  the  water  presses  against  the  sloping  side.  But  in  practice  tlte 
point  where  the  resultant  of  all  the  pressures  on  the  base  of  the  wall  cuts  the 
base,  must  not  be  so  near  to  either  toe  as  to  endanger  a  crushing  of  wall  or 
of  foundation.  This  consideration  often  makes  it  best  to  let  the  water  press 
against  the  vert  back,  notwithstanding  the  consequent  loss  in  stability. 
Art.  14.  Fig.  25  shows,  to  scale,  a  dam  wall  at  Poona,  India,  designed  by  Mr. 
,  Fife,  C.  E.,  of  England.    It  is  of  mortar  rubble,  of  150 

rftX  lbs  per  cub  ft.  Its  total  vert  height  Is  100  ft;  thickneea 
ov  at  base,  60  ft  9  ins ;  at  top,  r  x,  13  ft  9  ins.  The  front 
ru  slopes  42  ft  in  100  ft;  and  the  back  xv,  6  ft  in  100  ft. 
Its  foundation  is  7  feet  deep;  but  we  here  assume  that 
the  ^ater  presses  against  it«  en/ire  back  xv.  Through 
the  cen  of  grav  G  draw  G*  vert.  From  <j,  where  the 
direction  of  the  pres  P  of  the  water  strikes  G«,  lay  off 
en  by  scale  =  139.6  tons  (of  2240  lbs)  water  pres  against  1 
ft  in  length  of  xv;  and  c/  =  249.4  tons  wt  of  1  ft  length 
of  wall.  .Complete  the  parallelogram  cnmt  of  forces. 
.-^  Its  diag  cm  represents  the  resultant  of  all  the  pressures 
"S;  upon  the  base  m  v, and  cuts  the  base  at  a,  20  ft  back  from 
the  toe  «.  Doing  the  same  with  the  151.4  tons  pres  p 
against  r«,  we  get  the  resultant  oy.  which  is  greater 
than  cmy  and  cuts  the  base  (at  i)  only  12.7  ft  from  the 
toe  v,  or  7.3  ft  less  than  a  is  from  «. 

Hence,  when  the  water  presses  against  xv  the  wall  is 
less  liable  to  fracture  or  crushing,  and  the  earth  foun- 
dation uv  is  more  evenly  loaded,  and  hence  less  liable  to 
yield  unequally  so  as  to  cause  cracks  in  the  wall.  On 
this  account  xv  iB  made  the  back  of  the  wall,  although 
the  moment  of  stability  of  the  wall  is  then  only  2.2  (calling  the  overturning 
moment  of  thp  water  1),  while  if  the  water  pressed  against  ru  it  would  be  8,  or 
86  per  cent  greater. 
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Lrt.  15.  The  points  a  and  <,  Fi?  25,  are  called  eeiitom  of  preMinre 
>n  the  base,  or  eewUem  of  restotence  of  the  base.  If  similar  points,  as 
nd  z,  be  found  in  the  same  waj  for  other  lines,  as  /A,  by  treating  a  part  (as 
bf)  of  the  wall  as  if  it  were  an  entire  wall;  a  slightly  curved  line  joining 
«e  points  is  called  the  lime  or  pressure.  Thus,  6a  is  the  line  of  pres- 
e  when  the  water  presses  against  xv.  Elaeh  point,  as  d,  in  6a,  shows  where 
f  joint,  as  /A,  drawn  through  that  point,  is  cut  by  the  resultant  of  all  the 
ces  acting  upon  said  joint,  bi  istne  line  of  pres  when  the  water  presses 
linst  ru.  These  lines  do  not  show  the  direction  of  the  resultants.  Thus,  at  a, 
I  latter  is  ctA,  not  6  a.  The  angle  between  the  direction  of  the  resultant  and  a 
9  at  right  angles  to  the  bed  or  joint,  must  be  less  than  the  angle  of  friction 
the  materials  forming  the  joint. 

f  from  the  end  i»  or  y  of  the  resultant  of  the  pressures  upon  any  joiut,  we 
w  t»2  or  y  ;  hor,  then  c2  or  of  (as  the  case  may  be)  measures  the  entire  vert 
8  on  that  joint:  and  m2  ory/  measures  the  hor  pres  against  the  hack  of  the 
11,  which  tends  to  cause  sliding  at  the  same  joint.  If  the  direction  of  the  re- 
lant  comes  within  the  limit  stated  in  the  preceding  paragraph,  f»  2  or  yl  will 
less  than  the  friotional  resistance  to  sliding,  which  last  is  »  e2  (ur  ol)  X  the 
ff  of  friction  for  the  surfaces  forming  the  joint.  Hence  sliding  cannot  take 
:e.  Sliding  nerer  occurs  in  the  maMmrjf  of  walls  of  ordinaiy  forms.  Good 
rtar.  well  set.  aids  to  prevent  sliding,  but  it  is  better  not  to  rely  npcm  it  Bat 
ire  walls  have  slidden  on  slippery  foondations. 

Lrt.  16.  In  CalifornlA  is  this  dam  of  a  mining  reaervoir,  built  of 
.rh  stone  without  mortar,  founded  on  rock.  Height.TO  feet;  base,  50:  top,  6; 
water-tslope,  80  feet ;  outer-slope,  14.  To  prevent  leaking  the 
water^lope  is  only  covered  with  8-inch  plank  bolted  horizon- 
tally to  12  by  12  inch  strins^s,  built  into  the  stone-work.  All 
laid  with  some  care  by  hand,  except  a  core  of  about  one-ftfth  of 
the  mass,  wuich  was  roughly  thrown  in.  Cost  about  $3  per  cubic 
yard.    It  has  been  In  nse  since  1860. 

Rem.  If  m  dam  is  compactly  backed  with  earth 
at  its  natural  slope,  and  in  sufficient  quantity  to  prevent  the 
water  from  reachiiig  the  dam,  the  pressure  agaJnBt  the  dam  will 
'  not  1)0  increased. 

irt.  17.    To  find  the  thickness  of  a  cyllncler  to  resist  safely  the 
ssure  of  water,  steam,  Ac,  against  its  interior.    If  riveted,  see  next  page. 
Vhere  the  thickness  is  less  than  one-thirtieth  of  the 


dins,  as  it  is  in  most  cases, 
Thickness 

''  in  Inches 


the  usual  formula 


pressure 


-X  radius* 


safe  strength 

raployed.    It  regards  the  material  as  ^ing  subjected  only  to  •  direct  tensile 
lin,  which  is  sufficiently  correct  in  such  thin  shells. 
'or  somewhat  greater  pressures  and  thicknesses.  Professor 
iteuleaux  (Der  Konstruktenr,  p  52)  gives 

Thickness  pressure      / preaspre 


)  in  inches      ="  safe  strength  V  ^ 


I  X  radius.* 


2  X  safe  strength/ 
'or  very  gremt  pressures  and  thicknesses,  as  In  hydraulic 
jses,  cannons,  Ac,  Professor  Reuleaux  (Konstrukteur,  p  58)  gives  Lamp's 
nula: 


) 


Thickness 

in  inches 


Wsafe  strength  +  pressure      ^\  ^      .,     ^ 
safe  strength -pressure  " 7  ^  ''^*"'- 


he  three  formula  give  results  as  follows,  pressures  and  strengths  in  B>s  per 
ire  inch : 


meter. 

Radius. 

Pressure. 

8afe 

tensile 

strength. 

Thickness,  Inches. 

Formula  (1). 

Formula  (2). 

Formula  (8). 

ncbes. 

M 

10  Inches. 

u 

00 
900 

6000 

10000 

(( 

m 

.05 

.50 
5.00 

.050125 
.5185 

6.25 

M 
JS18 

7.sa 

he  thicknesses  given  by  the  fonnuln  appropriate  to  the  several  pressures  are 
ited  in  heayy  type.    It  will  be  seen  that  In  these  cases  the  resulU  differ 
slightly,  except  for  very  great  pressures. 

In  an  three  fbrmntse  take  the  rtuUut  is  imohu.  and  the  pressure(ahd(Rtrel|ffth 
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Bmii.  B.  Want  of  nmiformltj'  In  ttae  «oollmv  of  thick  caitlngBiiHikeft 

them  proportlooaUy  weaker  (ban  thin  ones*  so  that  in  order  te  redaee.thiokneee  Id  InportaDt  oaaee 
we  sboald  ase  only  beat  iron  remelted  3  or  4  time*,  by  which  meaas  an  ult  cohesion  or  abont  800M 
lbs  per  sq  inch  mav  be  secured.  But  even  with  this  precaution  no  rule  will 
Apply  safely  In  practice  to  cast  cylinders  whose  thickness  exceeds  either 

about  8  to  10  ins,  or  the  inner  rad  however  amall. 

Under  a  pres  of  8000  lbs  per  sq  inch,  water  will  oose  thronyli  cast 
Iron  8  or  10  Ins  thick ;  and  under  but  250  lbs  per  sq  inch,  through  .5  inch. 
Table  of  thicknesses  of  slniple-rlyeted  wronylit  Iron  pipes, 

tanks,  standpipea,  Ao,  by  the  above  rule,  to  bear  with  a  safetr  of  6  a  quiet  pressure  of  1000  ft  head 
of  water',  or  434  lbs  {<ei*  sq  inch  ;  the  ult  cob  of  fair  quality  plate  Iron  being  tsken  at  48000  Ibe  per  sq 
Inch,  or  at  8000  lbs  for  a  safety  of  6 ;  wbioh  is  farther  reduced  to  8000  X  .66  =  4460  Its.  to  allow  tar 
weakening  by  rivet  holes;  for  slnKl«->*lv^ted  cyls  have  but  about  .56  of  the 
Btoength  of  the  solid  sheet;  and  double- riveted  ones  about  .7.  With  the 
abore  pre*  and  other  dau,  the  rule  here  leads  to  thickness  =  .1016  X  inner  rad  in  Ins. 


DL 

Ths. 

Di. 

Ths. 

DI. 

Ths. 

Di. 

Ths. 

Di. 

Ths. 

Di. 

Di. 

Ths. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

^t. 

Ins. 

.5 

.025 

ft 

.254 

16 

.818 

80 

1.52 

60 

8.06 

120 

10 

6.09 

1.0 

.051 

6 

.806 

18 

.914 

88 

168 

66 

8.86 

182 

11 

6.1» 

lA 

.076 

B 

.406 

20 

1.016 

86 

1.88 

Tl 

8.66 

144 

12 

7.n 

10 

.102 

10 

.608 

22 

1.117 

42 

2.18 

84 

4.27 

192 

16 

9.7ft 

S.0 

.162 

12 

.609 

24 

1.219 

48 

2.44 

96 

4.88 

240 

20 

12.19 

4.0 

.206 

U 

.711 

27 

1.871 

64 

2.74 

106 

6.49 

288 

24 

14.61 

For  a  less  bead  or  pressure,  or  for  any  safety  leai  than  6,  it  Is  safe  ac4 
near  enough  in  practice,  to  reduce  the  thickness  of  wrooght  Iron  ^Is  in  the  same  proportion  as  t^ 
head,  pres,  or  safety  is  less  than  the  tabular  one. 

Donble-rlyeted  cylinders,  Fairbaim  says,  are  about  1.25  tlmcSs  as  strons 
as  single-riveted.  Hence  they  may  be  one-fifth  part  thinner.  Ijap-weldea 
ones  are  nearly  1.8  times  as  strong  as  single-riveted;  and  hence  may  be  only 
M  as  thick. 

Many  continuous  miles  of  double- riveted  pipes  In  California  have 
been  in  use  for  years  with  safetys  of  but  2  to  2.6.  In  one  case  toe  head  is  1720  ft,  with  a  pres  of  746  Iba 
per  sq  inch ;  diam  ll.ft  ins ;  thickness,  .84  ineh. 

Cast  Iron  city  water  pipes  most  be  thicker  than  required  by  formula 

il),  in  order  to  endure  rough  handling  and  the  efllBCts  of '*  water-ram" 

due  to  sudden  stoppage  of  flow,  see  second  ^m,  p61d),  and  to  provide  against 
rregularity  of  casting  and  the  air  bubbles  or  voids  to  which  all  castings  ars 
more  or  less  liable.  In  the  following  table  the  ultimate  tensile  strength  of  east 
iron  is  taken  at  18,000  lbs  per  square  inch.  Column  A  gives  thicknesses  by  Mr. 
J.  T.  Fanning's  formula  (Hydraulic  Engineering,  p  454). 

Thickness)      (pres,  lbs  per  sq  in  + 100) X  bore,  ins      ^  /       bore,  ins\ 
in  inches/  .4  X  ultimate  tensUe  strength       +  •«»  ^1  iqq     )• 

These  correspond  with  average  practice.  The  addition  of  100  lbs  to  the  pres  Is 
made  In  order  to  allow  for  water-ram.  Column  B  fives  thjoknossos  by  formula 
(1),  taking  ooefficient  of  safety  »  8  (thus  making  safe  tensile  strain  >■  22S0 

lbs  per  square  inch)  and  adding  three-tenths  of  an  inch  to  each  thickness  given 
by  the  formula : 


Head  in  feet    SO 

100 

200 

800               600 

1000 

Pressure, 
lbs  per  sq  in 

21.7 

48.4 

86.8 

180               217 

434 

Bore,  ins. 

Tliieluiess  of  pipe.  In  Inches. 

A 

B 

A    B 

A    B 

A    B 

A      B 

A      B 

2 

.86 

.81 

.37    .82 
.38    .33 

.38    .84 

.89    .36 

.42      .40 

.48     .51 

8 

.87 

.81 

Ad    .85 

.42    .40 

.45      M 

M    .6a 

4 

^9 

.82 

.40    .34 

.42    .88 

.46    .42 

.50      JJO 

.61      .72 

6 

.41 

.83 

.43    .36 

.47    .42 

JSO    .48 

.67      .60 

.76     .M 

8 

.46 

.84 

.47    .38 

JSH    .47 

.67    .65 

.66      .70 

.90    145 

10 

.47 

.85 

.60    .40 

.66    m 

.62    .60 

.74      .81 

1.04    \M 

12 

,49 

.86 

.63    .42 

.60    M 

.67    .66 

.82      .91 

1.18    IJSI 

16 

M 

.38 

.60    .46 

.70    .62 

.79    .77 

.98    1.10 

1.46    2.00 

18 

m 

.39 

.63    .48 

.74    .66 

.86    .84 

1.06    1.21 

1.60    2M 

20 

.61 

.40 

.67    JJO 

.79    .68 

.91    .90 

1.16    Ul 

1.76    2.G0 

24 

.66 

.42 

.73    .63 

.87    .77 

1.02  1.01 

1.80    IJSi 

2.08    2M 

80 

.74 

.45 

.88    .69 

1.01    .89 

1.19  1.19 

1.65    1.82 

2.46    8.47 

86 

.82 

.47 

.98    .65 

1.15  1.01 

1.86  1 J7 

1.80    2.12 

2.88    iM 

48 

.98 

J58 

1.18    .77 

1.42  1.24 

1.70  1.78 

2.28   ^78 

8.78    6.88 
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Table  of  ihickiieM  of  lead 

wiattj  of  «;  taklnt  thm  vlttaale  ooteiioa 


Bad  pipe  to  bear  internal  preesares  with  a 

I   ■■■im  wum  aiuoisva  iMiuvaiwu  Of  l9M  M  1400  fet  ptt  M|  IO0ll> 

Altbonghtheoe  thiokneneo  are  sitfe  affainotquiet  preosoreSttbey  migbt  not 
aoMiMd  by  too  raddoa  oloaiag  of  lU^MMMks  agilnM  nwnlBf  water. 


1 

Heads  In  Veet. 

HeadeinTeet. 

100       SOO       800  1   400    1    600 

i 

a 

too       900       800       40D         600 

a 

Free  in  Ibe  per  sq  inch. 

Free  in  Ibe  per  eq  ineb. 

1 

48.4  1  80.8       180       174         817 

1 

48.4      86.8  1    180       174     1    217 

Thiokneee  in  Inohee. 

Tbiokneee  in  Inobee. 

^ 

.096 

.065 

.060 

.188 

.171 

1 

.102 

.221 

.857 

.611 

.689 

.088 

.068 

.134 

.192 

.886 

!« 

.127 

.276 

.447 

.689 

.868 

X 

.061 

.111 

.179 

.866 

.841 

\^ 

.168 

JS2 

.586 

.767 

1.09 

i 

.OM 

.138 

.218 

.880 

.487 

.178 

.887 

.696 

.806 

1.90 

i 

.07* 

.106  1   .968 

.888 

.618 

8 

.904 

.449 

.714 

L09 

1.86 

2 

.080 

.198  1   .818 

.447 

.897 

Fl«.  26. 


Rem.  The  Talves  of  water-pipes  must  be  elesed  slowly,  and 

the  necessity  for  this  precaution  increasee  with  their  diams.  Otherwise  the  snd- 
d«n  MrrMtlog  of  the  nM>menuim  of  the  running  water  will  oreate  a  great  preMure  against  the  pipe* 
In  all  directions,  and  tbronghout  their  entire  length  behind  the  gate,  even  if  it  be  many  miles ;  thus 
endangering  their  bursting  at  any  point.    Hence  itop-gates  are  shut  by  screws. 

Art.  18.  Buoyancy.  When  a  body  is  placed  in  a  liquid,  whether  it  float 
or  sink,  it  eridently  displaeee  a  bulk  of  the  liquid  equal  to  the  bulk  of  the  im- 
naersed  portion  of  the  body ;  and  the  body,  in  both  oases  and  at  any  depth,  and 
in  any  position  whatever,  is  buoyed  up  by  the  liquid  with  a  force  eoual  to  the 
weight  of  the  liquid  so  displaced,  'ihus,  if  we  immorae  entirdy  in  water  a 
piece  of  cork,  e,  e,  Fig  26,  or  any  body  of  lees  specific  grarity  than  water,  the 
cork  will,  by  its  weisbt,  or  foroe  of  gravity,  tend  to 
deeoend  still  deeper ;  but  the  upward  buoyant  force  of 
the  water,  being  greater  than  the  downward  force  of 
gravity  of  the  cork,  will  compel  the  latter  to  rise.  In 
this  case,  tbe  cork  receives  a  total  downward  preeeure 
equal  to  the  weight  of  the  vertical  column  of  water 
above  it,  shown  by  the  vertical  lines  in  vessel  1 ;  and 
a  total  upward  pressure  equal  to  the  weight  of  the 
column  shown  in  vessel  2.  Tbe  difference  between 
these  two  columns  is  evidently  (from  the  figs)  equal  to 
the  bulk  of  the  cork  itself;  therefore  the  difference 
between  their  weights  or  pressures  (or,  in  other  words, 
tbe  buoyancy  of  the  water)  is  equal  to  tbe  weight  or 
pressure  of  the  water  which  would  have  occupied  the  place  of  the  cork ;  or,  in 
other  words,  of  tbe  water  which  is  displaced  by  tbe  cork.  This  differtnce^  or 
buoyancy,  will  plainly  be  very  nearly  the  same  at  any  depth  whatever  of  entire 
immersion.  It  increases  slightly  with  ttie  depth,  owing  to  increase  in  the  density 
of  the  water;  but,  on  the  other  hand  it  is  diniinislied  by  compression  of  the 
cork.  Now  tbe  cork,  if  left  to  itself,  will  continue  to  rise  until  a  portion  of  it 
reaches  above  the  surface,  as  in  vessel  3.  The  downward  pressing  column 
then  ceases  to  exist ;  and  the  cork  is  pressed  downward  onlv  by  its  own  weight 
But,  as  it  now  remains  stationary,  the  upward  pressure  of  tbe  water  must  be 
equal  to  tbe  weight  of  tbe  cork.  But  the  upward  pressure  of  the  water  arises 
only  from  the  shaded  column  shown  in  vessel  8;  and  this  column  is  (as  in  the 
ease  of  total  immersion)  equal  to  the  bulk  of  water  displaced.  Therefore,  tn  ail 
eases^  the  buoyancy  is  equal  to  the  weight  of  water  displaced ;  and  when  the 
body  floatM  on  tbe  surface,  tbe  buoyancy,  or  the  weight  of  water  displaced,  is 
also  equal  to  tbe  weight  of  tbe  body  itself. 

If  the  body  be  of  a  substance  taeawier  ttaaii  water,  its  weight  is  greater 
than  the  buoyancy  of  the  displaced  water,  and  the  body  therefore  sinks,  with  a 
force  equal  to  tbe  difference  between  tbe  two.  Thus,  a  cubic  foot  of  cast  iron 
weighs  450  lbs.,  and  a  cubic  foot  of  water  62.5  lbs.,  so  that  the  iron  sinks  with  a 
force  of  450  —  62.5  =  387.5  lbs. 

The  same  principle  applies  to  other  lialds.  Thus,  light  bodies,  such  as 
smoke,  a  balloon,  etc.,  in  air,  all  tend,  like  a  cork  in  water,  to  fall ;  but  the  air, 
being  heavier,  crowds  them  out  of  tbe  lower  positions  wtiich  they  tend  to  assume, 
and  pushes  them  upward. 

Although  a  pound  of  lead  and  a  pound  of  feathers,  weighed  in  the  air,  balance 
each  other,  yet  in  a  vacuum  the  feathers  will  outweigh  the  lead,  by  as  much  as 
the  bulk  of  the  air  displaced  by  them  outweighs  that  displaced  by  the  iron. 
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The  downwd  force  of  graT  maj  be  regarded  «8  oosoentn^d  at  the  cen  of 

mv  0  of  a  floating  body.  The  vpwd  prea,  or  baoyanoj^f  of  the  water  magr  ainllarly 
be  regarded  as  acting  at  tlie  een  of  gr  W  of  ^e  dieplaced  water.*  W  ie  aleo  taini 
the  eenter  or  pressure^  or  of  hucymnej^  of  the  water;  and  a  vert  lino 
drawn  through  it  is  called  the  »xis,  or  TerUe»E»  of  bvoy Aiicy,  or  of  llo« 
tatlon.  0rdinarily4:  W  shifts  its  position  with  every  change  in  that  of  the  body. 
Thus  in  L  it  is  at  the  cen  of  gr  of  the  rectangle  oobb;  and  in  N  at  that  of  the  til* 
angle  aav. 

When    a    floathig  t, 

body,  L,  P  or  K,  is  at 
rest,  and  undisturbed 
by  any  third  force, 
as  F,  it  is  said  to  be 
In  eqiiillbriniii, 
and  G  and  W  are  then 
In  the  same  vert  line 
it  Figs  L  and  R,  or 
e  e  Fig  P ;  which  line 
is  called  the  axis* 
or  Tertleal,  of 
oapilibrtnm.g 

When  a  third  force,  as  F,  camies  the  axis  of  eonlUb  to  lean,  as  hi  Figo  N,  O  and  8^ 
then  if  a  vert  line  be  drawn  npwd  fVom  the  cen  W  of  bnoy,  the  point  M  where  sara 
line  cuts  said  axis,  is  called  the  metaeeiiter  of  the  body.  |  G  and  W  are  then  no 
longer  in  the  same  vert  line  ;t  and  the  two  opp  and  vert  forces,  grav  and  buoy,  act- 
ing upon  those  points  respecnvely,  form  a  ** couple"  and,  whom  the 
third  force  F  is  removed,  they  no  longer  hold  the  body  in  eqniiibs  bnt  cauao  it  to 
rotate.  If  (as  in  Figs  O  and  S)  the  positfons  of  G  and  W  are  the»  oneh  that  tiw 
metaeenter  M  it  abo9«  the  cen  of  gr  O,  this  rotatiim  will  tend  to  nsslort  the  tedjr  to 
itt  f&rmer  fogitio%  and  the  bodv  is  said  to  have  boon  (before  the  applioation  of  tho 
third  force  F)  in  stablo  eqnlUbrtimi.f  Bat  if  (as  in  N)  M  i>  bdaw  G  the  diveo- 
.tion  of  rotation  is  such  as  to  ■up»$t  tho  body,  by  oanslng  it  to  depart  fuHhmr  fnm  Ht 
/ormer  position,  and  the  bo<fy  is  said  to  have  been  in  imstable  e^llillbri«Bft4 


The  tendency  or  moment  In  Tt-lbi  of  •  llMUiaf  body  either  to  upset  or  to  right  Itaelf,  la, 


.  the  wt  of  the  body  (or  tho  oa«»l 
~~   upwd  pros  of  the  water)  in  lb* 


,  tho  hor  digt  between  W  M  and  G  H» 
rift  N,  O  and  S,  In  fL 


The  tidrd  force  F  may  of  ooaree  be  so  great  aa  to  owerpower  the  tendency  of  the  body  te  rl|dit  it* 
arff.  Thna,  a  iblp  may  opeet  in  a  hurrieane,  although  Jndlsloe^  loaded  and  heUssted  Cw  ttmmrj 
wuda.    A  hor  Motion  of  a  body  at  wator-lioe  la  ealled  Ita  i^ane  of  llotattoa. 

*  lUe  body  Is  In  faet  aeted  npo«  by  <»tbor  Ibreos,  saoh  as  the  hor 

preaaarea  of  the  water  against  Ita  iinaierBed  ponHona ;  bat  aa  aH  of  theae  in  any  one  given  dlnaetloa 
are  balanced  t^  eqaal  onea  In  the  copoaite  dlree^oo,  they  have  no  eflbot  opoo  the  Ibraao  O  and  W. 
v.  la  alao  aoted  upon  by  the  air,  wbiob  prensea  H  downwarda  with  a  force  of  14.75  lbs  per  aq  Indi ;  bat 
tbia  la  balanced  by  an  equal  prea  of  the  anrroondlng  air  upon  the  sarfkoe  of  the  water. 

t  This  bnoy»ney  Is  made  np  of  the  parallel  upward  pn*«uTes  of  the 
innumerable  vert  filaments  of  ttie  displaced  water  as  shown  by  F^  26,  and 

the  axis  of  flotation  is  tbeir  reanltant.  aa  In  the  ease  of  paraBel  fbroea* 

t  The  ahape  of  a  body  fas  that  of  a  M>hef»  er  oyUnder  U)  may  be  sedi  that  the  fOiitlaa  of  Se  oaa  et 
buoy  W,  retattrdy  te  that  of  itt  een  of  gr  0»  Is  not  ehanged  by  the  rotetlon  of  the  bod^  aboot  a^vaa 
axil  (aa  any  axis  of  the  sphere  or  the  longitudinal  axis  of  tne  oyl),  bat  remalna  eonatantlj  In  the 
aame  vert  Hne  with  O,  ao  that  the  body,  In  rotating,  remalna  In  eqnllib.  Such  a  body  la  aaid  to  be 
in  indifferent  eqnllibrinni  about  said  axis.  But  if  a  cyl  U  be  made  to 
rotate  about  ha  trannerte  axia  c  0,  it  plainly  eomee  under  the  remarka  on  Tiga  R  and  8,  and  mav 
(betore  rotaltag)  be  In  either  atable  or  nnateble  equlllb  aboot  thai  axle  according  to  the  way  In  which 
kawtladiatributed. 

n  Tbla  metaeenter  shifta  Ite  poaltion  on  the  line  1 1  aocordlng  to  the  inellnatlon  of  the  latter. 

I  Uneven  loading^)  instead  of  a  third  force,  may  cause  a  vessel  at  rest  to 
lean  as  at  P ;  and  ret  ttie  Tesselao  leaning  may  be  In  equUib :  for  Ite  axla  a  a  of  equilib  may  be  vert, 
although  not  coinciding  with  the  axis  of  symmetry  of  the  vessel,  as  it  does  at 

V  InnotMng  bodiea.  thia may  aomMtanea  (aa  In  Flga  K  and  S)  be  the  caae  even  whan  tho  ca»  of 
MMy  W  Inot  the  metaeenter)  Is  heUm  the  oen  of  gr  O ;  beeause.  when  the  body  la  forced  to  leaa«  ff 
Maoto«MtherDolntlaltkaadtblefela4aaf beaushaatohrlnffltaboveO.    VUalVMsbalov 

Qin  bodies  of  anlform  denaitr,  floMtioK  *tt  rent.  If  any  part  of  the  body  la  aborrwmter^lWben  aaoh 
Dodiei  are  entirely  submerged,  W  and  O  ooinoide.  gitized  by  VjVJO^  l^ 
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Art.  !••  A  body  lighter  ttaan  water,  if  placed  M 
ttae  bottom  of  »  vessel  comtainiiiflr  water,  will  not 
rise  nnless  the  water  ean  ipet  nnoer  it,  to  bnoy  it« 


or  press  it  npward,  as  tlie  air  presses  a  balloon  or 
smoke  upward.  Thus,  If  one  side  of  a  block  of  lifht  wood, 
fvrfiAt  0**  «Bd  smooCli,  be  plaaed  apon  the  simikuiy  flat  mxA  imMik  bottQB  ef  • 
TMMl.  aad  held  there  until  the  reeM  la  fllled  vlth  water,  the  dovnvard  prM  wi^ 
keep  It  la  Ite  plaee,  aatll  water  faulnaatea  Iteelf  beneath  throngh  the  peree  of  tM 
wood.    Bat  If  the  weed  he  ■owoCUy  Twahriied,  to  •uloda  water  from  itt  perea,  M 


l-ijE? 


wUl  remain  at  the  li 

On  tlie  oilier  band,  a  piece  of  metal  may  be  pro* 
▼ented  fk^m  sinkinv  in  water,  by  8at(feotlng  it  to  a  snffl* 
elent mtpmard pree only,  while  theoownward pre*  ia  ezolnded.  Thus,  if  ttie  bottom 
of  an  open  i^aaa  tabe,  %,  Fig  37,  and  a  plate  of  iron  at.  he  made  smooth  enough  to  h« 
water-tlfht  when  plaoed  aa  in  the  flg;  and  if  in  this  poeiaon  thej  be  plaoed  in  a 
▼eesel  w  water  to  a  depth  greater  than  about  8  times  the  thiokneos  of  the  iron,  tht 
upward  pree  of  the  water  will  hold  the  iron  ia  its  plaoe,  aad  preTUnt  iti  sinking; 

use  it  la  pressed  upward  by  a  oolumu  of  water  heavier  than  both  the  ooluma  of  air,  aad  lu  owa 

ht,  whion  press  it  downward.    On  tUs  prinoiple  iron  shipa  float. 

Rn.  1.  A  rotainiuff-wall,  as  in  Fly  3S, 
Tonnded  on  piles,  may  be  atrong  enough  to  re- 
ist  the  prea  of  the  earth  •  behiad  It,  in  ease  water  deee  not  find 
ite  waj  underaeatii ;  aad  yei  maj  be  OTerthrown  If  it  does ;  or 
•ran  tr  the  earth  ••  around  the  heads  of  tlM  piles  heeemes  satu- 
rated with  water  ao  as  to  form  a  fhdd  mud.  In  either  ease,  tha 
upward  pree  of  the  water  against  the  bottom  of  the  wall  will  rlr* 
taaUy  redooe  the  wt  of  all  snob  parts  as  are  below  the  water  surf; 
fo  the  extent  of  OM  fts  per  oub  ft;  or  nearly  one-half  of  the  or- 
dinary wtof  rabble  maaeary  ia  mortar. 

Bam.  t.  Although  tha  pHes  under  a  wall,  as  la  VIg  tt,  amj  ha 
atendantly  snflloient  t*  sustain  the  wt  of  the  wall;  and  the  wall 
equaUj  strong  ia  iiuiif  to  reaiat  the  praa  of  the  baokiog  «;  /et  if 

Itiiepllea  ha  eoft.  both  they  and  tha  wall  mi^  ha  pushed  outward,  and  the  latter 

thrwwa  ^  the  pros  eT  the  baefelag  «.  From  thia  eauae  the  wlag-waBs  eC  fcrilges,  whea  bum 
Uea  la  vesy  soft  soil,  ai«  fkvqaentfj  bulged  outward  and  disflgured.  In  wtA  eassa,  tha  pittag^ 
the  woedea  platfsrm  on  top  of  It,  shaaM  extead  over  tha  whela  spaea  titwa  ike  valla |  or  elae 


rt.SO.  Dranarbt  of  vessels.  Since  a  ^lootff^  body  difplaoeg  a  wtof  liquid 
I  to  the  wt  of  the  body,  we  may  determine  the  wt  of  a  ressel  aad  iu  oargo.  by  aaeertaining  how 
r  ouh  ft  of  water  they  displaoe.  The  oub  ft,  mult  by  MX^,  will  giro  the  reqd  wt  ia  fta.  Sappoae. 
istanoe.  a  flat-boat,  with  rert  sides,  00  ft  long,  15  ft  wide,  and  drawing  unloaded  d  ins,  or  A  of 
In  this  eaae  it  diaplaoes  60X15X^  =  460  oub  ftof  water;  whioh  weighs  460  X  <sW=  281K 
RThleh  oonsequently  is  the  wt  of  Che  boat  also.  If  the  earga  then  be  put  in,  aad  found  to  sink 
oat  2  ft  uMMns,  we  have  fsr  tha  wt  of  water  displaoed  by  the  eargo  alone,  60  X  16  X  S  X  62^  =t 
0  Ihs ;  whieh  is  also  the  wt  of  the  eargo.  So  alsa,  knowing  beforehand  the  wt  of  the  beat  aad 
,.and  tha  dimensions  of  theboa^  wa  oan  find  what  the  draught  will  be.  Thus,  if  the  wt  as  befort 


0635  fts,  aad  the  hoat  60  X  1A>  «•  hav«  iO  X  If  X  t2H  s  5iM}  aod  «— —  =  S.»ft  thaieqaliad 

rht.    In  Teasels  of  more  oom^ez  ■hraeo,  aa  la  orffinary  sailing  Tassels,  the  eatonlaHaa  of  til 
at  or  di^>hMement  beoomea  mere  tedious ;  but  tiie  prindple  remains  the  same. 
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HYDBAUIilCS. 


HTDEAUIIOS. 

Flow  of  Water  thronipli  Pipes. 

Mach  of  the  theory  of  hydraalics  is  still  matter  of  dispute.  This,  and  the 
unavoidable  imperfections  of  actual  work,  render  it  advisable  to  use  liberal 
safety  factors  in  applying  hydraulic  formulas.  Even  new  pipes  are  liable  to 
tuberculations,  which  materially  diminish  the  flow,  and  these  sometimes  greatly 
increase  under  the  action  of  chemicals  in  the  water.  Air  in  the  pipes  »lso 
diminishes  the  flow. 


LEVEL 


The  term  KE AD  or  TOTAI4  KEAD  of  water,  as  applied  to  the  flowage  of 

water  t*- *- '-  •^' —  —  ■■ ' — *- '—   •-  ' — nni  thevart  dlst<«orpo,  Flgl,  frOB 

the  lev L.  7,totheoenter(orinoreproperlTM 

tlieceu  ci  yrj.^;  0,  tj:  l..-  uiiiicu  i.-.  Lvu.^r  u.u  -l.i  u:  u  ;,!;-,  r  u, :  o,  vo,jro,  lot  or  any  oUier  kljid  •* 
openiQg)  tbrough  whicU  the  disch  takys  place  freely,  into  the  air;  or  the  vertdiftatt,  or  fa,  from 
the  Bame  surf,  m  i,  to  the  level  *ur/,  g  «,  of  the  water  In  the  lower  reservoir;  when  the  dteoh  takes 
place  under  water.  Thus,  in  the  case  of  dlsch  into  the  air,  the  rert  di«t  i  v  otpo,  il  the  total  head 
for  either  of  the  pipes  r  o,  #  o,  «  o,  «  o,  or  i  o ;  and  i  ft  is  the  head  for  the  orifice,  *,  In  the  side  of  tho 
reservoir.  And  for  dlsch  under  water,  au,  or  fg,  is  the  head  for  either  the  pipe  /,  or  the  opening  m; 
without  anj  regard  whatever  to  their  depths  below  the  surf  of  the  lower  water;  which,  aooording  to 
4be  older  authorities,  do  Dot  at  all  affect  their  disch. 

A  portion  of  a  pipe  may  have  a  bead  greater  than  the  total  head  of  the  entire  Ill|tO.  ThOS  tfte 
poiQt6  in  the  pipe  lo,  has  a  beadS  1;  while  the  entire  pipe  has  only  tiie  besdpo. 

Botta  tn  ttaeory  and  tn  practice  it  is  immaterial  as  regards 
the  vel,  and  the  quantity  of  water  disciiar^ed,  whether  the 
pipe  is  inclined  downward,  as  roj  Fifir  1;  or  nor,  as  v  o;  or  in- 
clined upward,  as  lo;  provided  the  total  head  po,  and  also 
the  lengpth  of  the  pipe,  remain  nnchang^ed.    If  one  pipe  is  longer 

than  another.  Its  sides  will  evidently  present  more  fk-iction  against  the  water,  and  thus  diminish  the 
Tel  and  the  quantity  of  dlsch.  The  inclined  pipes,  r  o,  I  o.  being  of  course  a  little  longer  than  the 
hor  one  vo,  will  therefore  each  dlsch  a  trlfie  leas  water;  bat  If  the  hor  one  were  extended  sUghtly 
heyond  o,  so  as  to  give  It  the  same  length  as  the  others,  then  each  of  the  throe  wonld  diseh  tho  samo 
ta^ntlty  in  the  same  time. 

Art.  1  a.    BiTisions  of  the  Total  Vead*    In  any  pipe,  as  to,  rov 

I  o.  «  0,  <  0,  or  1 0,  Fig  1,  the  total  head  has  three  dlstloet  duties  to  perform  t  1st,  to  overoome  tho 
reslstanoe  to  entry  at «,  r,  (,  «,  jt.  or  I;  'id,  to  overoome  the  resistances  v/ithin  the  pipe;  and,  Sd,  to 
give  to  the  water,  entering  the  pipe,  the  uniform  velocUm  with  which  It  actually  flows. 

For  convenience,  we  regard  the  total  head  as  divided  into  three  portions,  oorrespondlng  to  thooe 
duties;  namely,  1st,  the  entry  head;  3d,  the  rMUtanee,  or  friction,  head;  and,  8d.  the  vsloeily  bead. 

Art.  1  o.  The  Telocity  liead  is  the  height  through  which  a  body  must 
fall,  In  vacuo,  to  acquire  the  vel  with  whloh  the  water  actually  flows  into  tho  pipe.    It  Is  therefor*  s 

-^,  in  which  «  Li  the  vel  in  ft  per  sec ;  and  ^  is  tho  aeoeleration  of  gravity,  or  8S.S 

Art.  1  c.  Experiment  shows  that,  with  the  usual  sharp-edged  entry,  the  en* 
try  head  is,  near  enough  for  practice, »  half  the  vel  head.  If  the  entry  is  shaped 
like  Fig  7,  scarcely  any  entry  head  will  be  required.    But,  in  pipes  longer  than  about  lOM 

diameters,  the  entry  head  bears  so  slight  a  proportion  to  the  total  head,  that  this  advantage  is  of  b«t 
little  importance.    It  becomes  more  apparent  in  shorter  pipes. 

Art.  1  d.  In  Fig  1  we  will  assume  that  for  any  of  the  pipes.  Is  represents 
the  sura  of  the  vel  and  entry  heads.  Then  the  remainder «  «,  or  w  o,  or  the  total  hoad,  to  tho 
friction  head;  or  the  head  which  is  just  sufficient  to  balance  the  friction  and 
other  resistances  wUMn  the  pipe ;  and.  since  the  entry  head  balances  the  resistance  at  the  snlrai»es 
to  the  pipe,  the  v4locity  head  has  only  to  give  velocity  to  the  water  in  the  vessel,  causing  it  lo  enter 
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pl|MMr«pMt7ui*iointhrMitklt,madUMk«tpliifftkaplptMippIM.  If,  by  ■horteofaif  th« 
I.  or  by  tmootblng  IM  ioiMr  lorf,  w«  diminish  tbe  total  fHouoa.  thm  •  Ism  friotloa  bead  win  bt 
lired ;  bat  the  vel  will,  at  the  same  time,  be  iaoreased,  aad  this  will  require  a  greater  vel  head, 
entry  head,  so  that  the  three  together  make  np  the  total  head,  as  before.  Sinoe  the  fiietUm  U 
U  to  the  foree  or  head  reqd  to  oreroome  It,  it  also  Is  represented  by  wo. 
Lrt«'l e.  Thefrtedoii  head nutyasin vo, ffo.and  lo. Fig  1, basil  abowtht entrance 
le  pipe,  aad  therefore  o«lsi«U  of  the  pipe :  or,  as  in  a  pipe  laid  from  s  to  o,  It  may  be  all  (slow 
entranee,  aad  wttkln  the  pipe :  or.  as  la  r  o  and  f  o.  it  may  be  partly  above,  aad  partly  below,  the 
anoe;  aad  therefore  partly  within,  and  partly  without,  the  pipe.  The  Td  and  disoh',  a/Ur  th» 
i  UJUUd,  are  uoi  aflTeeted  by  this  dilfereDoe  in  podtloa  of  the  entry  end ;  bat  the  prsssitrss  in  the 
,  and  the  vela  «sMI«  <*«  watmr  UJUUng  mm  •mptf  p^pa,  are  affected  by  it,  as  axplained  in  Arta  1  i 
lo. 

irt.  1/.  Bnt  It  Is  neeemmnry  tttmt  the  entry  end  of  ttae  pipe 
onld  oe  placed  so  Iter  below  the  snrf  m  t',  that  thero  shall  be  left, 

re  the  een  of  grar  of  the  entry  end,  at  least  a  head,  <  «,  sufflcient  to  perform  the  duties  of  the  entrr 
rel  heads.  If  the  ei^try  end  of  any  of  the  pipes  be  raised  aboT*  «,  a  portion  of  the  vsl  head  will 
a  the  pipe.  In  other  words,  the  head  m  the  pipe  will  be  mora  than  snffloient  to  ovareome  the 
._  ....  _. ^  ... . ... .  ..„^  — M  _j«  _i ranter  vel  to  the  water 

ASttfBeieat  to  maintain 


ordinarr  eases  of  pipes  of  oonsiderable  length,  the  sum  of  the  entry  aad  val  heads  thaoratieally 
lired.  is  Dot  a  small  portion  of  the  total  head,  aad  rarely  exoeeds  a  foot.  Indeed,  in  a  pipe  or 
liderable  diameter,  the  npper  half  of  its  oross  aeotion  at  the  entiy  end  may  often  be  more  than 
igh  to  proride  snflleient  entry  and  vel  heads  above  the  oen  of  grav  of  said  oross  aeotion ;  ao  thut 
lop  of  the  entry  end  might,  so  far  as  these  eon»>iderations  alone  are  eoncemed,  prefect  abore  the 

of  the  water  in  the  reaerrolr.  Bat  the  end  of  the  pipe  should  la  practioe  always  be  entirely  b*- 
the  surf;  otherwlea  air  asd  foatiog  imparities  will  be  drawn  into  it,  and  cause  obstruetlona. 
tor^tf  the  water  sarf  of  reaenroirs  is  always  liable  to  oonsiderable  ehanges  of  heicht ;  and  the 
y  end  of  the  pipe  must  be  placed  at  such  a  depth  that  the  water  can  flow  into  It  with  sallcieiit 
irben  at  its  lawtt  stagca.    As  before  suted,  this  will  cauae  no  dtmtnution  or  increase  of  disoh. 

Lrt.  1  a.  To  find  ttae  fMetion  head  reqd  for  any  part  of 
pipet  Knowing  the  trie  head  reqd  for  the  whole  pipe  Since  the  fricti<»n,  in  • 
of  uniform  diam,  is  (other  things  being  equal)  in  proporti<m  to  its  length;  aad  sinoe  w  o,  rig  1« 
esentt  the  total  fHcUon,  or  reqd  flriotloa  head,  we  bara 

Total  length  .  Length  of  the  .  .  .  The  IHctten  head  reqd 

of  the  pipe   •   given  portion  •  •  *  *  •       for  that  portion. 
barlBf  drawn  w*  1^  scaK  •  •  hor,  and  •  o| 

Total  length  .  Length  of  the  ,  ....  A  dlst,  as  «  e,  to  be  laid 
•f  the  pipe    •   fiTan  porttoa  •  •  *  "  •        off  tmm  a  on  ••• 

•  •  «»  •  A  dlst,  as  s  »,  to  be  laid  off 

•  •  •»  •  tromtoatm, 

1  a  vert  Une,  as  I  «^  drawn  tnm  ft  or  s,  aad  Joining  •  m  aad  «  a,  glTss  by  scale  the  fHctloa  hasi 

krt*  1  H*  If  the  pipe  is  straight,  as  r  o,  v  o,  {  o,  the  fHction  In  any  part  begiitf 
r  mt  (Jka  raservoir,  as  i  6  in  the  pipe  i  o,  may  be  found  at  once  by  drawing  a  line  61  vert  upward 
I  tha  axis  of  the  pipe  at  6.  The  line  1  S  will  then  give  the  IHctlon  in  1 8.  It  also  gives  the  trie* 
in  r  4.  or  la  that  part  of  *  o  whioh  lies  between  «  and  the  dotted  line  1  (L  It  must  be  remem* 
hared  that  all  tha  pipes  in  Fig  1  are  supposed  to  be  of  the 
eame  aetaal  length.  They  would  thus  and  at  diflbreat  poiata 
•.  and  strictly,  a  separate  diagram  must  be  drawn  for  each 


f 


0,  and  strictly,  a  separate  diagram  must  be  drawn  for  each 
pipe.  In  a  part  of  the  pipe  not  beginning  at  the  reservoir, 
as  in  r0,vo,  or  I  o,  between  poinu  vertically  under  e  and 
«,  the  amount  of  fHotion  la  i^vcu  1^  the  line  d  c,  for  it  is 
Idainly  rr  y  a  ->  (  e. 

Art.  1  A*    If  ttae  pipe  Is  vert,  as  v  o, 

.  Fig  1  A;  let  (s (on  its  axis  io)  represent,  as  before,  the  sum 

■J^jscjj^ -""tC  of  the  val  and  entry  heads.    From  *,  v,  and  o,  respectively, 

X     '0.  draw  hor  lines  »w,vk,  and  o  y.  making  o  y  -  v  o.    Draw 

\   i^   >>^  the  obliqoe  line  s  y.    Then,  to  And  tha  fHetion  in  any  partj 

^    \      N^  asvf,beginntagatthere8anrDlr;  fkwm«layo(rt<i>or,and 


1^  \      X  equ  J  to  «  «,  and  draw  the  vert  line  a  «^  crossing  «  y  at  p. 

Uf     \      \  Then  hg  will  give  the  friction  in  v  q. 

\     \  Art.  IJk.    If  ttae  pipe  Is  curved,  and 

\        \  if  the  curvature  Is  uniformly  distributed  slung  iu  length,  or 

\       t  so  slight  that  it  maybe  neglected;  the  friction  beads  read 

\      \  for  the  several  portions  of  the  pipe,  may  be  foond  In  the 

\    \  eama  way  aa  for  atraight  pipea,  as  la  Art  1  H.    Otherwiss 

\  1  they  must  be  found  by  proportion,  as  in  Art  1  O. 

M  Art.  I  I.      While  water  is  lillinc 

-"t/  an  empty  pipe,  the  excess  of  the  total  head 

"PI /*  1    A            ^  above  the  requirements  of  fHctlon,  Ac,  gives  to  the  watar  a 

*   *  arreater  vel  than  it  has  after  the  pipe  is  fllled; 

buttbli         -     -■     -  


B  advancing  water  e 
tha  fHetion  along  the  increased  lengths  of  pipe  filled;  and  finally  becomes  least  when  the  water 
the  whole  length,  and  begins  te  flow  firom  the  disoh  end.  o.    But  if  only  the  vel  and  entry 
s  are  left  above  the  entry  end,  aa  In  a  pipe  laid  tnm  « to  o,  there  will  plainly  be  no  such  excess 
•tal  head,  and,  conaeqnently,  no  such  change  of  vel  during  the  flilins  of  tha  pipe. 


but  this  gradually  decreases  as  the  advancin 
lasad lengths  of  pipe  filled;  and  finally  becomes  least 
|ins  te  flow  firom  the  disoh  end.  o.    But  if  only  th 

ify  be 

a  pip 
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Art.  1  tn^r.*  Relation  l^etween  dtoelMUQ9«9  Mp^Ay  Telocity  aiKl 
preMiire.  In  Fig  1  f -D,  where  the  pipe,  b  F,  running  tnU,  reoeiTas  water 
from  an  unlimited  reservoir,  B,  at  fr,  ana  discharges  through  an  orifice,  F;  %h» 
vc^nme  of  water,  passing  any  given  cross  section  of  b  F  in  a  givwi  time,  ia 
constant  and  equal  to  the  rate  of  discharge  at  F.  Thus ;— if  the  rate  of  disoterge, 
at  jP,  be  Q  cubic  feet  per  second,  then  Q  cubic  feet  will  pass  each  oroas  matkm  of 
the  pipe,  b  F,  per  second. 


■ r, 

Fl«.  1  B-B. 

Let  a  =  the  area  of  cross  section,  and  Fn  the  velocity,  of  the  stream  issuing 
through  the  short  pipe  bevond  F.     Vis  called  the  vekwiiy  of  efflux. 

Let  Ai,  At.  etc.,  be  the  different  areas  of  cross  section  of  b  Ft  apd  let  vi,  Vf,  etc, 
be  the  velocities  at  those  cross  sections  reneetively.    Then  Q^  a  k*>  Aiv^ 

=  AtVf,  etc.;  or  F  =■  — ,    t?j  =■  -5^,  t»t  =  4^,  etc.    In  other  words,  the  veloel- 
a  A\  Ai 

Q  Q  Q 

ties  are  inversely  as  the  areas  of  cross  section.    Also,  a  ■»  ^i  ^i  =  — ,  ^i  =»  - , 

etc 

The  losses  of  pressure,  due  to  the  velocities^  respectively,  are  di  =  ^,  <^  =  ^ 

etc.;  as  represented  by  the  ordinates  between  the  line  o  o\  of  static  pressure,  and 
the  diagram,  0128466^^,  of  actual  pressures.  The  difference,  due  to  velocity, 
between  the  pres  heads  at  any  two  points,  as  Ci  and  eg,  where  the  velocities  are 

»i  and  Vi  respectivdy,  iaPt— Pi^Oi  — 0,=^— ^=: g— —  . 

The  remaining  pressure  bead,  pi,  pf,  etc,  at  any  pointy  is  =  static  head  in 
reservoir  —  velocity  head  at  the  point,  =  H—di,  JST—  dg,  etc. 

The  loss  of  pressure  head,  at  ^,  is  (6  ^)  =  Ps  =  JT  —  <^ ;  and  the  pressure 
drops  to  zero ;  i.e.,  to  the  atmospheric  pressure. 

Arl^  1  ••  Open  pleaometenu  If  the  lower  ends  of  vertical  or  inclined 
tubes,  open  at  both  ends,  be  inserted  into  a  pipe,  b  F^  Fig.  1  J?  2>,  as  at  ej,  e% 
etc.,  the  water  surface,  in  these  tubes,  will  stand  at  heights,  p^. /)|,  etc.,  eorr^ 
spending  to  the  pressure  heads  at  the  points  where  the  tubes  are  inserted.  Such 
tubes  are  called  open  piezometers.  In  order  that  the  water  level  mar  be 
observed,  they  are  of  glass,  at  least  in  those  portions  where  that  level  is  likely  to 
be  found.  An  obstruction,  in  the  pipe,  between  c^  and  F^  would  raise  the  level 
in  a  piezometer  at  c^ ;  while  an  obstruction  between  b  and  e^  would  Unoer  it. 

*  In  Art  1  m-r,  for  simplicitv,  we  neglect  all  resistances,  ineluding  those  due 
to  the  abrupt  enlargements  and  contractions  of  the  pipe. 
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Art.  1  #•  If  wft  imaidD*  mj  pipe^  full  of  vrator,  to  b«  rapplied  wtth  »  vnmbti 
of  pieBoiueten.  than  a  Un©  Joining  the  topg  of  the  column*  of  water  in  the  seT«ral 
pleaometers,  is  called  the  liydr»iillc  wrade  llMe.  ,0,^ 

Art.  I  M.  In  a  straiffht  tube  of  uniform  duun  throughout,  as  r  o,  v  o,  or  t  o.  Fig 
I,  runniDg  foU  and  ditohaMinc  freely  Into  Oie  air.  the  hyd  gri^  line  U  a  stralf  ht  Une  drawii 

from  !u  disob  Ind  0  to  a  polntTfmmediately  oyer  the  entry  end  of  the  pipe,  and  at  a  depth  below 
•he  eurf  equal  to  the  earn  of  the  vol  and  entry  head*.  ,      .     ,  .     ,.  ^1.     ,»_-_« 

If  the  orifice  »t  o  be  contracted,  the  hyd  grade  line  must  be  dtwn 
frnn  •  to  .«•  petni.  M  e.  Im-dlately  ott  o.  and  d.pn>dh>f .  J^  fJ^^J^ht.  ^^'XTuI^ 

the  point «  will  alao  be  bisher  than 


t 


Fig.lB 

— ^g^^^i f — 


before,  because  the  vel  in  the  pipe  Is 
rednoed  by  the  contraction  ;  and  the 
ann  i  «  of  the  vel  and  entry  heads 
will  be  le«>. 

If  the  discta  at  o  is 
ander  water,  the  effect 

upon  the  poeition  of  the  grade  line 
will  be  the  tame  at  that  of  a  oon> 
traetlon  of  the  oriflce  at  o.  The 
pekit  <  will  be  on  the  surf  of  the 
lover 


Art.  1  r.    _  .   . 

diam,  (whether  dlMharging  freely  or  throogh  a  con. 
tractcd  opening  at  0,  whether  into  the  air        "  '*" 


tver  water,  and  immediately  over  «. 
If  the  pipe,  of  uniform 

^_^__ ^ , ._.         or  under 

water),'is~bentor carved, the  hyd  grade 
line  will  still  be  straight,  provided  the 

rssisiMMea  are  equal  in  OMh  equal  divisioii  of  the  ker 
iMgtb  0t  the  pipe,  aa  in  Fig  I  B,  where  equal  divisions 
vw.apae.  Ae,of  the  <•(«<  length,  eorrespoad  with  equal 
4MakmB  «  «,  •  6,  Ae,  of  the  kor  length. 

But  In  Pig  1  F,  the  hyd  graiie  line  will  take  the 
shape  t  ao.    For  if,  in  acoordanee  with  Art.  1  O,  we 
•Ml       *  -n   \  i  ^•^i'w  dlTlde  •  o  into  two  equal  parts,  •m,mo,  oorrespond- 

Vlg»l  H     \i  "^w         Ing  with  the  two  eqnal  parts  »r.  r  o,  ef  the  length  of  the 

>l      ..1 ■    '  ■'    ^  0   pipei  *•  obtain  in  c  =  o  •  for  the  head  eonsumed  in  the 

r  reelstanoe8ln«r,lenTlngonlyraforthepresheadatr. 

Art  1  w.  In  »  very  largo  vessel,  the  total  head  upon  anj  point  at  the  level 
of  the  entrance  I  to  a  pipe  loo'  Fig  1  G,  is  represented  by  </,  as  already  ex- 
plained but  of  this  total  head  a  portion,  as  t«,  is  required  to  act  as 
Telocity  head  and  entry  head  for  the  entrance  at  /,  leaving  only  s  I  as  the  pres- 
sure head  tipon  a  point  in  the  pipe,  immediately  to 
the  right  01 /.  Thus  while  the  pressure,  in  poonda 
per  square  inch,  in  the  ve$tel  at  ^  is 

f)-</X0.434    . 
that  in  the  pipe  at  t  is 

p  =  *iX0.434. 

But  now  a  portion,  as  <v,  of  «/,  is  expended  in 

lo  in  balanctnc  or  **  overcoming  **  the  resistances 

throughout  thni  portion  of  the  pipe;  and,  in  doing 

this  work,  it  graaually  diminishes  from  «  v  (at  /)  to 

nothing  (at  o)  as  indicated  by  the  dotted  line  «e. 

Thus,  at  the  point  6,  a  portion  =«  ft  e  hns  already  been 

expended  in  overcoming  the  resistances  in  the  pipe 

between  I  and  6,  leaving  c  6  as  the  pressure  head  at 

6,  of  which  e  m  must  stiH  be  expended  i^ntinst  resist- 

anoea  in  the  wide  pipe  between  €  and  0,  leaving 

mf^'^vtmceooB  the  pressure  head  for  a  point  Jusi 

to  the  left  of  the  contraction  at  0.    The  pressure  in 

^  ^  lo  is  thus  gradually  diminished  from  si  (at  0  to 

Fiff.lCr  eo»v;(ato). 

Now  a  portion  e^  of  eo  is  required  to  act  as  ve- 
locity and  entry  bead  for  the  entrance  0  to  the  narrower  portion  0  0'  of  the  pipe ; 
because  we  need  at  o  not  only  an  additional  entry  head  to  overcome  the  reslst- 
aaoe  due  to  the  square  shoulder  formed  by  the  contraction,  but  also  an  addi- 
tional vetoeity  head  to  give  the  increase  of  velocity  which  must  take  place  as  tlie 
water  panaris  from  the  wide  pipe  /  0  to  the  narrower  one  0  of ;  for,  so  long  as  a 
pipe  runs  fvM  and  the  diacharae  remains  constant,  the  velocity  in  each  part  of 
the  pipe  must  be  imotrwely  as  the  area  of  cross  section  of  that  part ;  because  in 
each  second  the  same  quantity  of  water  passes  each  point;  and  this  constant 

guantity  is  a  area  X  velocity.    Hence,  as  the  area  diminishes,  the  velocity 
aoreases. 

There  remains,  therefore,  i'oaa  the  pressure  head  upon  a  point  in  the  narrow 
part  just  to  the  light  of  0 ;  and  this  in  turn  gradually  diminishes  to  nothing  at 

iigitizedby  VjOOQlt 
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tht  end  (/  of  the  pipe,  as  indicated  by  the  dotted  line  fo',  being  all  expended  in 
overcoming  the  resistances  in  o  (/.  we  thus  have,  for  the  hydraulic  gradient  in 
Fig  1  G,  the  broken  line  iset^(/. 

When  the  pressure  is  thus  diminished  by  overcoming  resistances,  or  by  ac- 
celerating velocity,  the  diminution  is  called  loss  of  head.  Thus  we  say  that 
«  4  is  lost  at  the  entrance  /. «  v  as  friction  head  in  /o,  et'  at  the  contraction  o,  and 
tfotm  friction  head  in  oVf 

At  (/y  all  the  available  head,  i  I,  has  been  used  up.  The  irater  flowing  oot  at  €^, 
therefore  exerts  no  lateral  pressure,  so  that  the  stream  flows  out  in  parallel  lines, 
and  its  capacitv  for  forward  pressure  is  due  entirely  to  its  kinetic  energy  (energy 
of  motion)  and  to  the  pressure  of  tl^e  air  upon  the  surface  in  the  reservoir  at  i; 
but  this  last  is  of  course  balanced  by  the  air  pressure  from  without  against  tht 
opening  (/.  Where  a  great  reduction  of  cross  sectional  area  in  a  pipe  u  followed 
(down-stream)  by  a  re-enlargement,  the  increase  of  velocity  may  (under  certain 
circumstances)  consume  not  only  the  entire  head  of  toater,  but  also  a  portion  or 
all  of  the  cUmotoheric  pressure  on  the  surface  in  the  reservoir,  thus  causing  a 
partial  or  oomplete  vacuum  at  the  constriction.    See  the  Venturi  Meter. 

"Be  syption^  or  siphon.    If  one  leg  a  h  of  a  bent  tube  or  pipe  ahc. 

Fig  M,  of  any  diam,  filled  with  water,  and  vltb  both  iti  ends  stopped, 
be  placed  ia  a  reservoir  of  water,. aa  in  the  fig;  and  tf  the  stoppers  b« 
then  removed,  the  water  in  the  reservoir  will  begin  to  flow  out  at  c,  and 
will  continue  to  do  so  until  its  level  Is  reduced  to  t,  which  is  the  same  as 
that  of  the  higheit  end  c  of  the  pipe  or  syphon.  The  flow  win  then  stop. 
The  parts  a 6  and  be  are  called  the  legs  of  the  syphon,  6  being  ita  high- 
eat  point ;  and  this  is  correct  so  far  as  relates  to  it  merely  as  a  piece  of 
tube;  but  considering  it  purely  with  regard  to  its  character  aa  a  hydrau- 
lic machine,  the  part  I  a  below  the  level  of  the  highest ftnd  c.  may  be  en- 
tirely neglected;  for  the  water  in  the  reservoir  will  not  be  drawn  down 
below  the  level  of  the  highest  end,  whether  that  be  the  Inner  or  tbeoaler 
one.  Therefore,  if  the  disch  end  be  above  the  water  tn  the  reservoir,  a«, 
for  instance,  at  w,  no  flow  will  take  place.  The  vert  height  h  o,  from  the 
highest  part  of  the  syphon,  to  the  lowest  level  (,  to  which  the  reservoir 
13  to  be  drawn  down,  must  not,  theoretically,  exceed  about  33  or  34  ft; 
or  that  at  which  the  prea  of  the  air  will  sustain  a  column  of  water. 
Practically  it  must  be  less,  to  allow  for  the  friction  of  the  flowing  water, 
and  for  air  which  forces  its  way  in.  And  still  less  at  places  far  above  sea 
level ;  for  at  such  the  reduced  weight  of  the  atmospheric  column  will  not 
balance  so  great  a  height  of  water.  In  order  readily  to  underataod,  or 
at  any  time  to  recall  the  principle  on  which  the  syphon  acts,  bear  In 
mind  that  we  may  theoretically  consider  the  end  of  the  inner  leg  to  be 
Dot  actually  Immersed  below  the  water  surf,  but  only  to  be  Itept  preciaely 
at  it,  as  the  surf  descends  while  the  water  is  flowing  out;  bot  may  re- 
1  the  vert  diit  6  oaa  the  length  of  the  outer  leg;  and  a  varying  dist,  which  at  first  is  6  8,  and  finally 
i&o  (aa  the  furf  of  the reaenrolr  descends)  as  the  length  of  the  Inner  leg;  and  that  the  flow  contlnoea 
voly  while  thi$  outer  leg  ia  longer  than  this  inner  one.  The  books  are  wrong  in  say  log  that  the  outer 
leg  &  e  must  be  longer  than  the  inner  one  b  a,  in  order  that  the  water  may  run  at  all.  The  principle 
then  la  simply  this:  that  both  these  legs  h  c,  and  hi,  being  first  filled  with  water,  (the  part  i a  being 
•onsldered  at  first  as  a  portion  of  the  rescT-voir,  and  not  of  the  syphon,)  it  follows  that  when  the  stop- 
pers are  removed  from  the  ends  c  and  a,  the  air  presses  equally  against  these  ends ;  bnt  the  great  vert 
head  of  water  b  o  in  the  outer  leg  b  c,  presses  again  at  the  air  at  c,  with  more  force  than  the  small  head 
ef  water  &«  In  the  inner  leg  6 1.  dopn  acfiinat  the  air  at  a  or  t.»  Couscquetitly.  thL>  wiUer  in  A  c  will 
tend  to  fall  out  more  rapidly  than  that  in  i  z ;  and  aa  it  conimeucea  to  ia-u,  wuuid  produce  a  Vicuuixi  i^i, 
h,  were  it  not  that  the  pres  of  the  air  against  the  other  end  a  or  i.  foroes  the  water  up  <  (,  to  inpply 
the  plaoe  of  that  which  flows  out  at  e.  In  this  manner  the  flow  oontinueii  until  the  surf  of  the  water 
in  the  resenrolr  descends  to  (.  on  the  same  level  as  e.  The  pressures  of  the  rert  heads  ft  o,  ft  o,  In  th« 
two  legs  ft  c,  ft  (.  being  then  equal,  it  oeases. 

The  syphon  principle  may  be  employed  for  draining  ponds  into  lower  ground  at  a  considerable  dlst, 
even  though  an  eleTation  of  several  feet  (in  practice  perhaps  not  «xe4«dingtibout  28  ft  above  the  leral 
to  which  the  pond  is  to  be  reduced)  may  Intervene.  In  such  c  case  an  eae«pe  must  be  proTided 
at  the  summit  (or  summits,  if  there  are  more  than  one)  of  the  bends,  fbr  the  diseh  of  tree  Mr,  wbioh 
«1U  inevitably  enter,  and  soon  stop  the  flov,  unless  this  preoMitioD  be  (:>  tea.  The  air-valTe 

will  not  answer  for  this,  because  as  soon  as  the  valVe  v  opens,  the  syphon  becomes 
in  eff'ect  two  separate  tubes  open  at  top ;  and  the  water  will  fall  in  both.  An  ori- 
fice at  the  escape  will  be  neeaed  for  filling  the  syphon  at  the  start;  and  to  pre- 
vent the  water  thus  introduced,  from  running  out  stopcocks  must  be  provided  at 
the  ends,  and  kept  closed  until  the  filling  is  completed. 
The  greatest  pains  must  be  taken  to  make  all  the  joints  perfectly  air-tight 
The  motive  power  or  head  which  causes  the  flow  in  a  syphon,  is  the 
vert  dist  *  o.  from  tne  surf  of  the  reservoir,  to  the  disch  end  c;  or  in  other  words, 
it  is  the  diflf,  s  o,  between  the  theoretical  lengths  b  s  and  b  o,  of  the  two  legs.    Con- 


Fiff.M. 


«rdi 
ho{u 


•  Said  pressure  of  the  air  is  of  oourse  not  exerted  direoUy  at  a  or  I ;  bnt  Is  transmitted  Is  a  tkrooife 
the  water  in  the  vessel  i  and  tbenoe  upward  to  i  through  the  water  in  the  siphon. 
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lently,  the  farther  e  is  helow  9  the  more  rapid  vfll  be  the  floir ;  nnd  it  is  ^ain 
;  as  the  surf  gradually  sinks  below  «,  the  less  rapid  irill  the  flow  become.  Bav- 
this  head,  the  entire  length  afro  of  the  syphon,  and  its  diam,  all  in  ft,  the 
h  may  be  lound  approximately  by  eit  her  of  the  rules  fffTen  in  Art  2  for  straight 
».  These  rules  give  K%  galls  per  ml n ,  instead  of  the  4S>%  galls  actually  dischd 
i;ol  Crozet's  syphon,  with  a  head  of  20  ft.    See  below. 

n  a  true  sjjitaon,  agnyo  Fig  H,  fr«f  from  air  inside,  and  running  full, 
i  total  beaa  j)o  is  measured  vertically  from  the  surface  m<  in  the  reser- 
-  to  the  center  of  gravity  of  the  outlet  o,  ss  in  Fig  1 ;  the  hydranlle 
Mlient  (with  the  restriction  named  in  Art  1  v)  is,  as  before,  a  straight  line 

4ro  drawn  from  the  foot  t 
of  the  combined  entry  and 
Telocitv  heads  to  the  end 
0:  ana  the  velocity  and 
discharge  are  the  same  as 
they  would  be  if  all  parts 
of  the  pipe  were  brought 
below  sro.  But  see  cau- 
tions 1  and  2,  below. 

The  pressure  at 
any  point,  g,  n  or  y,  is 
then  given  by  a  vertical 
line,  gu,  nr  or  yv,  drawn 
m  the  point  in  question  to  «ro :  but  for  points,  as  n,  situated  above  sro,  this 
ssure  IS  negative  or  inward;  while  at  points  where  «ro  and  the  pipe  are  at  the 
le  level,  as  at  /and  e,  there  is  neither  preHsnre  nor  vacuum. 
;!aiition  1.  But  if  the  water  be  admitted  to  the  empty  pipe  at  a,  wliile  the 
1  o  is  open,  the  pipe  will  not  form  a  true  syphon.  The  part  agn  will  then  run 
1,  and  will  have  »cn  as  its  hydraulic  graaient;  but  upon  reaching,  at  n,  a 
*tion  n  0  of  the  pipe  with  a  much  steeper  grade,  the  water  will  run  off,  in  n  0, 
;h  a  velocity  ereater  than  that  with  which  it  arrives  from  a  n.  Hence  the 
earn  in  no  will  have  a  less  area  of  cross  section  than  in  an,  and  therefore  can- 
t>  fill  no,  but  will  run  off  in  it  as  in  aa  open  gutter. 

:;^aatlon  2.  The  tendency  to  vacuum  at  points  above  «ro  causes  an  aocu* 
ilatlon,  at  n,  of  particles  of  air  that  have  been  carried  into  the  syphon  by  the 
ter  or  have  found  their  way  in  through  imperfect  Joints,  etc. ;  and  these 
ng  about  a  condition  approaching  thst  described  in  Caution  1 ;  for  their 
pansive  force,  by  reducing  the  negative  pressure  or  vacuum  n  r  at  n,  diminishes 
}  total  head  A  r  of  the  ptai  agn,  while,  oy  practically  reducing  the  cross-sec- 
n  of  the  syphon  at  n,  they  require  that  a  portion  of  the  remaining  head  be 
Mi  at  n,  as  entry  head  to  overcome  the  resistance  caused  by  the  contraction, 
d  as  velocity  head  to  give  the  increase  of  velocity  needed  for  passing  the  nar- 
wed  section  at  n.  Now  since  the  friction  head  required  for  tne  part  a  ^  n  re* 
tins  about  the  same,  the  velocity  head  in  the  r(>servoir  is  considerably  dimin- 
ted,  and  the  water  arrives  at  n  too  slowly  to  keep  n  0  filled.  The  accumulation 
air  at  n  thus  retards  the  flow  and  disturbs  the  distribution  of  the  pressures, 
that  these  are  no  longer  correctly  indicated  by  vertical  lines  drawn  to  sro. 
/it  Bine  RIdfpe  Tnnnel.  Virslnia,  C(d.  C.  Crozet  constructed  a  drainaga 
phon  1792  ft  long  of  cast  iron  faucet  pipes  3  ins  bore,  9  ft  long.  Its  summit  was 
t  above  the  surface  of  the  water  to  be  drained ;  and  its  discharge  end  was  20  ft 
low  said  surface,  thus  giving  it  a  head  of  20  ft.    At  the  summit  570  ft  from  the 


.  eacn  end  of  the  svphon  was  a  stopcock.  To  start  the  flow  these  end 
cks  are  closed,  and  the  entire  syphon  and  air-vessel  are  fllled  with  water  through 
e  opening  at  top  of  air-vessel.  This  opening  is  then  closed  airtight,  and  the  two 
d  cocks  afterwards  opened ;  the  cut-off  cock  remaining  open.  The  flow  then 
gins,  and  tlieoretteaHy  it  should  cantiBno  without  duniiiiition,  except  so 
r  as  the  head  diminishes  by  the  lowering  of  the  surface  level  of  the  pond.  Bat 
I  praetlce  with  very  long  syphons  this  is  not  the  case,  for  air  begins  at  once 
oisengage  itself  from  the  water,  and  to  travel  up  the  syphon  to  the  summit, 
here  it  enters  the  air-vessel,  ana  rising  to  the  top  of  the  chamber  flnradually 
Ives  out  the  water.  If  this  is  allowed  to  continue  toe  air  would  first  fill  the  en- 
re  chamber,  and  then  the  summit  of  the  syphon  itself,  where  it  would  act  as  a 
ad  completely  stopping  the  flow.  The  water-level  In  the  air  etaamber 
m  be  detected  by  the  sound  made  by  tapping  against  the  outside  with  a  hammer. 
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To  prevent  tliis  stoppage,  the  cut-off  at  the  foot  of  the  ohamber  ia 
closed  oefore  the  water  is  all  driven  out;  and  the  lid  on  top  being  removed  the 
chamber  is  refilled  with  water,  the  lid  replaced,  and  the  cut-off  aoain  opened. 
The  flow  in  the  meantime  continues  uninterrupted,  but  still  graduallj  diminish* 
ing  notwithstanding  the  refilling  of  the  chamber:  and  after  a  number  of  refill- 
ines  it  will  cease  altogether,  anathe  whole  operation  must  then  be  repeated  by 
filling  the  whole  syphon  and  air  chamber  with  water  as  at  the  start. 

At  Ck>l.  Crozet's  syphon  at  first  owin^  to  the  porosity  of  the  Joint-caulking, 
which  was  nothing  but  oakum  and  pitch,  air  entered  the  pipes  so  rapidly  as  to 
drive  aU  the  water  from  the  chamber  and  thus  require  it  to  be  rolled  every  5  or 
10  minutes;  but  still  in  two  hours  the  syphon  would  run  dry.  The  joints  were 
then  thoroughly  recaulked  with  lead,  ana  iHrotected  by  a  covering  of  white  and 
red  lead  made  into  a  puttv  with  Japan  varnish  and  boued  linseea  oil.  But  even 
then  the  chamber  had  to  oe  refilled  with  water  about  every  two  hours:  and  after 
six  hours  the  syphon  ran  dry,  and  the  whole  had  to  be  refilled.  In  this  way  it 
continued  to  work. 

Care  in  making  the  joints  air-tight,  and  an  outside  and  Inside  coating  of  the 
pipes  and  air-vessel  with  coal  pitch  varnish  are  important  precautions. 

Art.  3.  ApproxiiuAte  fornmlfe  for  tbe  wel<Ksity  of  water  in 
straight,  smooth,  cylindrical  iron  pipes,  as  ro,  vo,  /o,  Fig.  1.  Having  the  total 
head  J}  o,  and  the  length  and  diameter  of  the  pipe. 


Approx 
mean  wel 

in  ft  per  sec 


}coefiicient  / 

as  below        \^ 


as  below 
Table  of  eoeflleiente  ^  m 


diam  in  ft  X  total  head  in  ft 
total  length  in  ft  +  64  dtams  in  ft 


Dlamofpipe, 

Diana  of  pipe, 

feet 

inches 

feet 

inehes 

0.1 

1.2 

23 

1.6 

18 

58 

0.2 

2.4 

30 

2.0 

24 

67 

0.8 

8.6 

34 

2.6 

80 

60 

0.4 

4.8 

87 

8.0 

86 

62 

0.6 

6.0 

89 

8.5 

42 

64 

0.6 

7.2 

42 

.4.0 

48 

66 

0.7 

8.4 

44 

5.0 

60 

68 

0.8 

9.6 

46 

6.0 

72 

70 

0.9 

10.8 

47 

7.0 

84 

72 

1.0 

12.0 

48 

10.0 

120 

77 

For  heads  not  leas  than  4  feet  per  mile,  this  formula  gives  results  practically 
oorresponding  with  those  by  Kntter^  formula  (p.  528)  with  coefficient  n  of 
roughness  «  0.012.  But  slight  differences,  as  to  roughness,  etc,  may  cause  eon* 
siderable  variations  of  velocity,  especially  in  small  pipes ;  for,  in  such  pipes,  a 
given  roughness  of  surface  bears  a  greater  proportion  to  the  whole  area  of  sur&ce 
than  in  a  pipe  of  large  diameter.  Extreme  accuracy  is  not  to  be  expected  in 
such  matters. 

As  in  a  river  the  velocity  half  way  across  it,  and  at  the  surface.  Is  usually 
greater  than  at  the  bottom  and  sides,  so  in  a  pipe  the  velocity  is  greater  at  the 
center  of  its  cross  section  tban  at  its  clrcuraf.  The  mean  weloelty 
referred  to  in  our  rules  is  an  assumed  uniform  one  which  would  give  the  3am$ 
diaehargt  that  the  actual  ununlform  one  does. 

Hence 

Dlselfta«ir< 

in  e«b  ft  per  s 


Mean  wel<»ei^  w 

in  ft  per  aeo       ^ 


Area  of  eroea  aeetlai 

of  pipe  in  aq  ft. 


1  enbte  foot     »  7.48062  U.  S.  gallont 

1  v.  S.  cr»Uon  »  .18868  cubic  fbot  —  281  cubic  Inches. 


*  For  intermedUte  dlAmatert,  eto,  take  ioteniMdiats  ooslBdant*  ttum  Oie  Ubie  br  slBpls  piw 
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In  tlM  case  of  long  pipes  with  low  b#ada,  the  suxn  of  tbe  velocity  aud  entry 
heads  is  frequently  so  small  that  it  may  be  neglected.    Where 

this  is  the  case,  or  where  their  amount  can  be  approximately  ascertained,  Kat- 
ter^s  fornmla,  although  desisned  for  open  channels,  may  be  used.  This 
formula  is  the  Joint  production  or  two  eminent  Swiss  engineers,  £.  Ganguillet 
and  W.  B.  Kutter,  but  for  conrenience  it  is  usually  called  by  the  name  of  the 
latter.* 

It  is,  properly  speaking,  a  formula  for  finding  the  coefficient  c  in  the  well 
known  formula, 


Sleaii  welocity  -» c  i/mean  radius  X  »lope 


..^t- 


iameter  ^,    , 
^  —X  elope 

According  to  Kutter, 

For  Enffliflli  measure*  For  metrie  measure. 


4i.6  +  :p^  +  l«L  28  +  :^+! 
slope n          slope        n 

l/mean  rad  in  feei  |/meau  rad  in  metres 

See  also  taMes  of  c,  pp  566  etc 

The  mean  radius  is  the  quotient,  in  feet  or  in  metres,  obtained  by  divid< 
ingthe  area  of  wet  cross  section,  in  square  feet  or  in  square  metres,  by  the  wet 
perimeter  (see  below)  in  ftot  or  in  metres.  In  pipes  ninniBf  full,  or  exaetly  half 
full,  and  in  semicircular  open  channels  running  full,  it  is  equal  to  one-fourth  of 
the  inner  diameter. 

The  wet  perlmeier  is  the  sum,  abco  Figs  28, 29, 80,  of  the  lengths, 

1  b,  6  c,  c  0,  in  feet  or  in  metres,  found  by  measuring  (at  right  angles  to  the  length 
Of  the  channel)  such  parts  of  its  sides  and  bottcnn  as  are  in  contact  with  the 
^ater.    In  pipes  running  full,  it  is  of  course  equal  to  the  inner  circumference. 

The  slope  is -< >Hcfton  head  tro  Fig  1, 

length  of  pipe  measured  in  •  straight  line  from  end  to  end* 

i*  sine  of  angle  w*o,  Fig  1. 

In  open  channels,  this  becomes 

-         «  fa^  o^  water  surface  In  any  portion  of  the  length  of  the  channel 
**  length  of  that  portion 

■a  fan  of  water  surface  per  unit  of  length  of  channel 

«*  sine  of  the  angle  formed  between  the  slepiBg  surfsce  and  the  boriaon. 

The  number  indicating  the  slope  in  any  given  case  is  plainly  the  same  for 
English,  metric  and  all  other  measures. 

««  n  "  is  a  *<  eoefliclent  of  rouarhness  "  of  wet  perimeter,  and  of  course 
depends  chiefly  upon  the  character  of  the  inner  surface  of  the  pipe,  ^or  iron 
pipes  in  good  order  and  from  1  inch  to  4  feet  diameter,  n  may  be  taken  at  from 
.010  to  .012;  the  lower  figures  being  used  where  the  pipe  is  in  exceptionally  good 
condition. 

If  the  diameter,  or  the  mean  radius,  is  in  feet,  metres  etc,  the  Telocity  will  be 
in  feet,  metres  etc,  per  second. 

*  See  "  Flow  of  Water,"  translated  fhun  Ganguillet  and  Kutter,  by  Budolph  Hering 
and  John  C.  Trautwine,  Jr.,  New  York,  John  Wiley  A  Sons,  1888.    $4.00. 
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The  diameter  or  the  slope,  reqnired  for  m  i^-weu  ▼elodtj'. 

may  be  found  by  trial  as  follows:  assume  a  diameter,  or  a  slope,  as  the  case  maj 
be ;  take  the  corresponding  e  from  tables,  pp  666,  etc.    Then  say 

Approx  Dtam  reqnired  ^  mean  w  4  _  /  ▼elocity  \ « 
for  the  given  vef  .  ™  radius  ^*      ^  ^  i/sIope/ 

Approx  Slope  required      /        ^^^^^^y        \ t     /    Telocity   \« 
for  the  given  vef  Vci/mean  radius/      \cvnnam/' 

With  the  Approximate  diameter  (or  slope)  and  e,  thns  obtained,  say 
r'  =»  cv'°*®*°  radius  X  sloped  If  t/  is  near  enough  to  the  given  velocity,  the 
assumed  diameter  (or  slope)  is  the  proper  one.  If  not,  try  again,  assuming  a 
greater  diameter  or  slope  than  before  if  v'  is  leu  than  the  reqnired  velocity,  and 
vioeverM, 


Curves  and  bends  do  not  greatly  affect  the  discharge,  so  long  as  the  total 
heads,  and  total  actual  lengths  or  the  pipes  remain  the  same ;  provided  the  tops 
of  all  the  curves  be  kept  below  the  hydraulic  grade  line ;  and  provision  be  made 
for  the  escape  of  air  accnmulating  at  the  tops  of  the  curves. 

Relation  between  area,  Telocity,  and  discharge. 

Let  q  =  rate  of  discharge  (as  in  cubic  feet  per  second), 
V  =  mean  velocity  (as  in  feet  per  second), 
a  =  area  of  cross  section  (as  in  square  feet). 

Then :     a  =  av;    v  =  - ;    a  =-. 

Relation  of  diseharge  to  diameter  *_and  slope.  If  we  assume 
velocity  =  c  |/mean  radius  X  slope,  or  v  =  c\^rs  (page  623);  and  if  the  pipe 
be  of  circular  cross  section,  we  have,  for  the  rate,  Q,  of  discliai;ge  through  a  pipe 
of  diameter,  d,  and  area,  A,  of  cross  section,  running  Aill: — 

or :  Q  is  proportional  to  the  ^/g  power  (square  root  of  fifth  power)  of  the  diam- 
eter, and  to  the  ^  power  (square  root)  of  the  Hlope.  For  tables  of  fifth  powers, 
and  of  square  roots  of  fifth  powers,  see  pp  67-69. 

Effect  of  resistances. 
Tbe  pressure  head  of  running  water,  upon  any  point  in  a  pipe  between 
the  orifice  and  the  reservoir,  is : 

{♦».«  K^a/i  **»«  ^«»d  consumed 

S,«  f«  «.«      t^©         in  overcoming  ro- 
vS  ftt         +  «"^'y  +  distances  in  the  pipe 
♦K.rLvi^*      head        between  the  reservoir 
that  point  and  the  point.  J 

Thus,  at  the  point  6,  in  the  pipe,  /  0,  Fig  1,  the  pressure  head  is  A  =  (8  6)  «=  (1  6) 
—  [(1 2)  +  (2  3)] ;  where  (1  2)  =»  <  *  =  the  sum  of  the  velocity  and  entry  heads. 
At  4,  in  the  pipe  r  0,  A  =  (3  4)  -  (1  4)  —  [(1  2)  +  (2  8)]. 

In  Fig  1,  let  the  straight  line,  s  0,  represent  the  actual  leneth  of  the  pipe, 
whether  straight,  bent  or  curved,  etc.;  and  s  v  the.  sum  of  the  resistancea 

i supposed  to  be  uniformly  distributed)  within  the  pipe.    Then,  the  angle,  sov, 
I  called  the  hydraulic  gradient,  and  sine  sov  =  *v-i-$o. 
In  the  vertical  pipe,  v  0,  Fig  1  A,  the  pressure,  at  9,  is  =  ^  d. 

*  Diameter  —  4  X  mean  radius,  or  d  —  4  r  (p  523). 
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A^BIiS   OF  WEIGHT  OF  WATER  COHTAIITEB  Of  OHE 
FOOT  I^ENOTH  OF  PIPES  OF  DIFFEKENT  BORES. 

(Original.) 

'^ater  at  maxlmnm  deoBity,  62.425  lbs.  per  cnbic  foot  *  1  gram  per  cubic  oenti- 
«r ;  corresponding  to  a  temperature  of  4^  Centigrade  =-  d9.29  Fahrenheit 
Weight  »  0.340475658  X  square  of  bore  in  inches. 


re. 

Water. 

Bore. 

Water. 

Bore. 

Water. 

Bore. 

Water. 

8. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

^ 

0.005320 

6 

12.25712 

28 

180.1116 

62 

1808.788 

0.021280 

13.29983 

24 

196.1139 

68 

1351.347 

1 

0.047879 

14.38509 

25 

212.7972 

64 

1394.588 

2 

0.086119 

^74 

15.51292 

26 

280.1615 

66 

1438.509 

I 

0.132998 

7 

16.68330 

27 

248.2067 

66 

1483.112 

0.191518 

i 

17.89625 

28 

266.9328 

67 

1528.395 

0.260677 

19.15173 

29 

286.3399 

68 

1574.359 

0.340476 

20.44981 

30 

806.4280 

69 

1621.004 

i 

0.430914 

8** 

21.79044 

81 

327.1970 

70 

1668.830 

0.531993 

8^ 

23.17362 

32 

348.6470 

71 

1716.337 

0.643712 

24.59986 

33 

870.7779 

72 

1765.025 

^ 

0.766U70 

ga^ 

26.06766 

34 

393.5897 

73 

1814.304 

z 

0.899068 

9j* 

27.57852 

36 

417.0826 

74 

1864.444 

t 

1.042706 

29.13194 

86 

441.2563 

76 

1915.176 

1.196984 

9Vb 

30.72792 

87 

466.1110 

76 

1966.587 

1.361902 

O^k 

32.36646 

88 

491.6467 

77 

2018.680 

\ 

1.537460 

10 

34.04756 

39 

517.8633 

78 

2071.463 

1.728658 

10^ 

37.53748 

40 

544.7609 

79 

2124.908 

1.920495 

11 

41.19754 

41 

572.3394 

80 

2179.044 

^ 

2.127972 

\l\i 

45.02789 

42 

600.5989 

81 

2233.860 

\ 

2.346089 

vT 

49.02848 

43 

629.5893 

82 

2289.358 

\ 

2.574846 

121^ 

53.19931 

44 

659.1607 

83 

2345.536 

2.814243 

13^ 

57.54037 

45 

689.4630 

84 

2402.396 

3.064280 

13H 

62.05167 

46 

720.4463 

85 

2459.936 

i 

8.324957 

14^ 

66.73321 

47 

752.1105 

86 

2618.167 

3.596273 

14^ 

71.58499 

48 

784.4557 

87 

2677.060 

3.878229 

15^ 

76.60700 

49 

'  817.4818 

88 

2636.643 

1 

4.170826 

15H 

81.79925 

50 

851.1889 

89 

2696.907 

4.474062 

16^ 

87.16174 

51 

885.5769 

90 

2757.852 

4.787938 

16^ 

92.69447 

62 

920.6459 

91 

2819.478 

5.112453 

17^ 

98.39744 

53 

95('>.3958 

92 

2881.786 

5.447609 

17^ 

104.27064 

64 

992.8267 

93 

2944.773 

i 

6.149840 

18 

110.31408 

55 

1029.9386 

94 

3008.442 

6.894630 

18^ 

116.52776 

56 

1067.7314 

95 

8072.792 

7.681980 

19^ 

122.91168 

57 

1106.2051 

96 

3137.823 

8.511889 

19J4 

129.46583 

68 

1145.3598 

97 

3203.535 

i 

9.384&58 

20^ 

136.19022 

59 

1185.1954 

98 

3269.927 

10.299386 

21 

150.14972 

60 

1225.7120 

99 

8337.001 

11.256973 

22 

164.79017 

61 

1266.9096 

100 

3404.756 

The  weifplit  of  water  in  a  given  length  (as  one  foot)  of  any  nipe  or  other 
-cular  cylinder  Is  in  proportion  to  tlie  square  of  me  bore  or 

ner  disuneter.  Hence  the  weight  of  water  in  1  foot  length  of  any  cylinder  of 
ber  diameter  than  those  in  the  table  can  be  found  by  multiplying  that  for  a  1 
ch  pipe,  0.340475558,  by  the  square  of  the  inner  diameter  of  the  given  cylinder  in 
ches.  Thus,  for  a  cylinder  120  inches  diameter :  diameter*  =  120«  =  14400,  and 
jieht  of  water  in  1  foot  depth  =  0.340475558  X  14400  =  4902.848  lbs.  Or,  weight 
r  120  ins.  diam. «  100  X  weight  for  12  ins.  diam. »  100  X  49.02848  «  4902.848  lbs. 
milarly,  (^)  *  ^  ^  =>  0.191406,  and  0.340475658  X  0.191406  =  0.066169  lb.  => 
sight  in  1  foot  of  ^  inch  pipe.  Here,  also,  ^  =  haif  of  f ;  hence,  weight  for 
^  inch :-  one-/our<A  of  weight  for  \  inch  =-  one-fourth  of  0.260677  »  0.065169. 

Welffht  of  one  square  inch  of  water  1  foot  blsl>«  at  62.425  lbs. 
er  cubfc  foot  =  62.425  -i-  144  =  0.433507  lb. 

•Actual.    See  nominal  and  actual  diameters,  footi«Ote,^^^gl^ 
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TABI.1S  S. 


Areas  and  Contents  of  Pipes; 

(Original.) 


of  Biams. 


and  square  roots 

Gomct. 


* 

▲reft  in 

* 

Area  in 

* 

Area  in 

Dlam. 
in 
Ins. 

Diam. 

in 
Feet. 

sq  ft,  also 
eabfi, 

^r- 

Dlam. 
in 
Ina. 

Dlam. 

in 
Feel. 

■qft,alM 
Mb  ft. 

V 

Dlam- 
in 
Ins. 

Dlam. 

in 
Feet. 

■q  ft,  also 
embfl, 

^-^ 

in  1  foot 

Diam. 
in  Ft. 

in  1  foot 

Diam. 
in  Ft. 

in  1  foot 

Diam. 
In  Ft. 

a. 

.oao6 

JNID8 

.146 

4. 

jaas 

.0678 

.679 

Ih. 

1.260 

1.927 

I.IM 

.0*160 

.0005 

.161 

\i 

3488 

.0928 

.688 

^ 

1.271 

1.268 

1.197 

?.. 

.0313 

.0006 

.177. 

a 

.8642 

.0965 

.696 

1.292 

1810 

1.186 

.0366 

.0010 

.191 

.8646 

.1040 

.604 

■^ 

1.818 

1  :i53 

1.146 

H 

.0417 

.0014 

.204 

^ 

.8760 

.1104 

.612 

16. 

1.888 

l.:W6 

1.166 

9-16 

.0469 

MM 

.217 

g 

J664 

.1167 

.621 

M 

1.864 

1.440    . 

1.168 

i?*.. 

.0521 

.0021 

.228 

.9968 

.1231 

.629 

s 

1.876 

1.485 

1.172 

.0573 

.0026 

.239 

yc 

.4063 

.1296 

.637 

H 

1.896 

1.530 

L181 

H 

.06i5 

.fr*"* 

.260 

6. 

.4167 

.1388 

.645 

17. 

1.417 

1.576 

1.  90 

isTm 

.0677 

.0'  >; 

.260 

.4271 

.1488 

.663 

H 

1.487 

l.fi2S 

1.199 

1^16 

.07» 

.00  i  2 

.270 

g 

.4876 

.1608 

.660 

H 

1.469 

l.fiVO 

1.907 

.0781 

.004H 

.280 

.4479 

.1676 

.069 

H 

1.470 

1.718 

l.fl6 

1. 

.0688 

.0056 

.289 

^ 

.4588 

.1660 

.677 

18^ 

1.5 

1.7fi7 

1.994 

1-16 

.0685 

.Otfi3 

.297 

hC 

.4688 

.1726 

.685 

H 

1.642 

1.867 

1.941 

i« 

.0038 

.OOfi'J 

.806 

a^ 

.4792 

.  808 

.698 

19. 

1.668 

1  M9 

1.286 

.0990 

.0077 

.814 

u 

.4896 

.  878 

.700 

H 

1.620 

2.07* 

1.9M 

H 

.1042 

,00s5 

.822 

6. 

A 

.1964 

.707 

90. 

1.667 

2.1H2 

1.291 

&:i« 

.1094 

.00!I4 

.830 

M, 

J»208 

.2181 

.722 

H 

1.708 

2.292 

1.907 

?,. 

.1146 

.01(i:S 

.838 

H 

.5417 

.2304 

.786 

11. 

1.760 

2.inj 

1.888 

.1198 

.oii:i 

.846 

H 

.6626 

.2486 

.760 

H 

1.791 

2.521 

1.889 

H 

.1250. 

.01  '.'3 

.854 

7. 

.6838 

.2678 

.764 

22. 

1.888 

2.640 

1.864 

9-16 

.1802 

.013:1 

.861 

1^ 

.6042 

.8867 

.777 

H 

1.876 

2.T61 

1J09 

H 

.1354 

.01-11 

.868 

h\ 

.6250 

.8068 

.791 

IS. 

1.917 

a.f^N^i 

1J64 

11-16 

.1406 

.0155 

.876 

^ 

.6468 

.8276 

.808 

H 

1.958 

.S.012 

1.899 

H 

.1458 

.0Hi7 

.882 

8. 

.6867 

.8491 

.817 

24. 

2.000 

3.H2 

.414 

isTm 

.1610 

.0179 

.889 

.6876 

.8719 

.8-29 

25. 

9.068 

3.4<ltf 

1.448 

1?.. 

.1568 

.01  y  2 

.896 

h 

.7088 

J941 

.841 

96. 

9.166 

3.f.^7 

1.472 

.1615 

.01^05 

.402 

^ 

.7292 

.4176 

.864 

27. 

3.260 

3.y7fi 

1.600 

s. 

.1687 

.021 H 

.408 

9. 

.75 

.4418 

.866 

28. 

8338 

4.27« 

1.628 

l-W 

.1719 

.02;rj 

.414 

g 

.7708 

.4667 

.879 

29. 

9  416 

4.5>'7 

1.668 

l<I. 

.1771 

.0216 

.420 

.7917 

.4929 

.880 

30. 

3.609 

4.iK)9 

1.681 

.1828 

.o-2(;o 

.427 

•^ 

JB125 

.1186 

.902 

81. 

3.664 

5.'i41 

1.667 

^.. 

.1875 

.0278 

.488 

10. 

.8833 

.6464 

.918 

82. 

9.666 

5.585 

1.681 

.1927 

.0'2<)l 

.440 

H 

.8642 

.6780 

.924 

88. 

9.750 

6.940 

1.688 

H 

.1979 

Mm 

.446 

H 

.8760 

.6618 

.936 

84. 

S.884 

6.306 

1.688 

7.W 

.1061 

■.0:124 

.461 

H 

.8968 

.6806 

.946 

86. 

9.916 

6.681 

1.1Q6 

H 

.2«8 

.0841 

.467 

11. 

.9167 

.6600 

.957 

86. 

8.000 

7.069 

1.789 

9-U 

.2185 

.0868 

.462 

^ 

.9876 

.6906 

.968 

88. 

8.166 

7.876 

1.778 

H 

.2188 

.0675 

.467 

J688 

.7918 

.979 

40. 

8.888 

8.727 

1.896 

1M« 

.8940 

.0894 

.478 

yt 

J192 

.7586 

.990 

42. 

8.660 

9.»BI 

1.871 

H 

.2292 

.0419 

.478 

12. 

1. 

.7854 

1.000 

44. 

8.666 

10.56 

1.914 

18-16 

.2844 

.0489 

.484 

^ 

1.081 

.8184 

1.010 

48. 

4.000 

12.67 

2.006 

l?l« 

.2896 

.0461 

.469 

1.042 

.8629 

1.020 

64. 

4.600 

16.90 

2^81 

.2448 

.0471 

.496 

H 

1.068 

.8866 

1.031 

60. 

6.000 

1968 

8.396 

s. 

.2800 

.0491 

.600 

18. 

1.068 

.9218 

1.041 

66. 

6.500 

98.76 

2.848 

K 

.2604 

.0689 

.510 

1.104 

.9678 

1.061 

72. 

6.000 

98.97 

2.461 

.2708 

.0676 

.520 

1^ 

1.126 

.9940 

1.060 

78. 

6.660 

88.18 

2J60 

.2618 

.0621 

.680 

a^ 

1.146 

1.081 

1.070 

84. 

7.000 

88.48 

2.646 

^ 

.2917 

.0668 

.640 

14. 

1.167 

1.089 

1.080 

90l 

7.600 

44.18 

8.789 

k^ 

.8021 

.0716 

.660 

g 

1.187 

1.108 

1.090 

96. 

8.000 

60.97 

8.888 

yi 

.8125 

.mvt 

.560 

1.206 

1.147 

1.089 

* 

.8229 

.0819 

.670 

^ 

1.3» 

l.lflPT 

1.110 

*  Caution.  In  tbe  tables  on  pasea  G25  and  526,  the  diameters  or  bores  are 
tbe  actual  ones,  as  measured  in  mcnes.  Wroaght-iron  steam,  gas,  and  water 
pipes  are  commonly  designated  by  fictitious  or  "  nominal"  diameters,  which  are 
mere  arbitrary  names  for  the  pipes.  In  the  smaller  sizes  especially,  the  use  of 
these  nominal  diameters  tends  to  mislead.  Thus,  the  pipe  whose  *' nomino/ " 
inner  diameter  is  one^^ighih  inch,  has  an  actual  inner  diameter  of  full  quarter  inch. 
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HYBBAULIGB.  637 

Art.  S.    To  find  the  total  MmUI  ro^ttired  for  a  clTeB  weloeltjp  oi 

evea  dlsekaryo,  through  a  straight,  smooth,  cylindrical  iron  pipo  of 
own  diam  and  length. 

If  tht  di$ekarge  is  gireiiy  first  find 

mean  Telocity    ^       discharge  Id  cubtc  feet  per  second 
in  feet  per  second  *"  area  of  cross  section  of  pipe  In  square  fwt 
Then  

Vdlam  X  head      _^  mean  velocity  in  feet  per  second 
length  +  64  diams  "     the  proper  divikor  a»  fuUows 

diam  of  pipe  in  ft    .00    .10    .50    1     1.5    2     3     4 
divisor  40     43     M    48     61    54    58    61 

(for  intermediate  diams,  take  intermediate  divisors  by  guess.) 

From  table  Art  3,  take  the  ooeffident  m  corresponding  to  this  value  of 


4 


.    ^J^.^^!^^^^     f  Md  to  the  given  diam.    Then 
length  4-  54  diams'  * 

Total     g?^''^^'  X  (length  in  it  +  64  diams  to  ft) 
to^feJt*"  miXdiaminfeet 


To  flad  tlie  Frletion  bead*    Wetebach*s  formuhu 


I  _|  .0144  +  — _  Iw  in  feet  ^  ftpersso 

-1  ^velinft    p-wiSi"  ^•"SOr 

\  permc    /      In  ik^ 


friction  head. 

in  fMt  

persec    /      i^  fcet 


For  the  total  head*  we  have  only  to  add  toMther,  the  IMetloo  hood 

•o  found,  the  ¥«loelty  heiad^  taken  from  the  next  table,  or  from  Table  ID, 
oppoeita  the  given  velocity,  amd  the  entry  head  («  say  half  the  velocity  head), 
llie  ifttm  of  the  velocity  head  and  entry  head  rarely  amounts  to  a  flbot. 

TABUB  4  Of  tin  vel,  and  discharge  of  water  through  straight,  smooHi, 
cyliBdrioal  cast-irott  pipes;  with  the  friction  head  required  for  each  100  Ibet  In 
length ;  and  also  the  velocity  head.  Oalcukated  by  means  -of  Weisbach's  formula,  by 
James  Thcnnpson,  A  M ;  and  Georce  Fuller,  0  B,  Belfast,  Ireland.  The  vel  bead 
reniadas  the  sasae  for  any  Imgth  of  pipe ;  being  dependent  only  on  the  mioatjf  of  the 
wat«r  in  the  pipe. 

ootrjr  head  is  equal  to  about  half  the  vet  bead. 

Digitized  by  VjOOQIC 
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TABI<B4 


Vel. 
hewliD 
Feeu 

DUm.  in  Inehee. 

V«l.ln 
Feet 

3 

8H 

4 

*H 

6 

perSeo. 

Prbead 
Ft  per 
100  ft. 

Gob  ft 
per  Mill 

Frbead 
Ft  per 
100^ 

Oubft 
per  Mill 

Frhead 
Ft  per 
100  ft. 

Oubft 
perMin 

Frhead 
Ft  per 
100  ft. 

Oubft 
per  Mill 

Frbead 
Ft  per 
100  ft. 

Oubft 
per  Mia 

2.0. 

.06-2 

.669 

6.89 

.666 

8.02 

.494 

10.4 

.439 

13.2 

.395 

16.8 

2.2 

.075 

.780 

6.48 

.669 

8.82 

.585 

11.6 

.620 

14.6 

.468 

18X> 

2.4 

.090 

.911 

7.07 

.781 

9.62 

.683 

12.6 

.607 

16.9 

.547 

19.6 

2.6 

.105 

1.06 

7.65 

.901 

10.4 

.788 

13.6 

.701 

17.2 

.681 

21.8 

2.8 

.122 

1.20 

8.24 

1.03 

11.2 

.900 

14.6 

.800 

18.6 

.720 

22.9 

3.0 

.140 

1.36 

8.83 

1.16 

12.0 

1.02 

15.7 

.906 

19.8 

.816 

24.6 

3.2 

.160 

1.62 

9.42 

1.31 

12.8 

1.14 

16.7 

1.02 

21.2 

.916 

26.2 

3.4 

.180 

1.70 

10.0 

1.46 

13.6 

1.27 

178 

1.13 

22.6 

1.02 

27^ 

3.6 

.202 

1.89 

lao 

1.62 

14.4 

1.41 

18.8 

1.26 

38.8 

1.18 

29.4 

3.8 

.225 

2.08 

11.2 

1.78 

16.2 

1.56 

19.9 

1.39 

25.2 

1.26 

81.0 

4.0 

.260 

2.28 

11.8 

1.96 

16.0 

1.71 

20.9 

1.62 

26.6 

1.87 

82.7 

4.2 

.276 

2.49 

12.8 

2.14 

16.8 

1.87 

22.0 

1.66 

27.8 

1.60 

84.8 

4.4 

.302 

2.71 

12.9 

2.33 

17.6 

2.03 

23.0 

1.81 

29.1 

1.68 

86.0 

4.6 

.330 

2.94 

13.6 

2.52 

18.4 

2.21 

24.0 

1.96 

80.4 

1.76 

87.6 

4.8 

.360 

3.18 

14.1 

2.72 

19.2 

2.38 

26.1 

2.12 

31.8 

1.91 

80.2 

5.0 

.390 

3.48 

14.7 

2.94 

20.0 

?.57 

26.2 

2.28 

33.1 

2.06 

40.9 

6.2 

.422 

3.68 

15.3 

3.15 

20.8 

2.76 

27.2 

2.46 

34.4 

2.21 

42.6 

6.4 

.455 

3.94 

15.9 

3.38 

21.6 

2.96 

28.2 

2.63 

86.8 

2.37 

44.2 

6.6 

.490 

4^22 

16.5 

3.61 

22.4 

3.16 

29.3 

2.81 

37.1 

2.53 

46.8 

6.8 

.526 

4.50 

17.1 

3.85 

23.2 

3.37 

30.3 

8.00 

38.4 

2.70 

47.4 

6.0 

.562 

4.78 

17.7 

4.10 

24.0 

3.59 

31.4 

3.19 

89.7 

2.87 

49.1 

6.2 

.600 

5.08 

18.2 

4.36 

24.8 

3.81 

82.4 

3.39 

41.0 

3.06 

60.7 

6.4 

.640 

5.39 

18.8 

4.62 

25.6 

4.04 

33.6 

3.59 

42.4 

3.28 

62.8 

6.6 

.680 

5.70 

19.4 

4.89 

26.4      4.28 

34.6 

3.80 

43.7 

3.42 

64.0 

6.8 

.722 

6.02 

20.0 

5.16 

27.3      452 

36.6 

4.01 

45.0 

361 

66.6 

7.0 

.766 

6.36 

20.6 

5.45 

28.0  1  4.77 

86.6 

4.24 

46.4 

3.81 

67.2 

Vel- 
headlD 
Feet. 

Diam.  In  Inobei. 

Vel.  IQ 
Feet 

Ft  per 
100  ft. 

J 

r 

« 

» 

10 

perSeo. 

Cub  ft 
perMiD 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMln 

Frhead 
Ft  per 
100ft. 

Gab  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Oubft 
per  Mia 

2.0 

.062 

.329 

23.6 

.282 

320 

.247 

41.9 

.220 

63.0 

.198 

66.4 

2.2 

.076 

.390 

26.9 

.334 

85.3 

.293 

46.1 

.260 

68.3 

.234 

72.0 

2.4 

.090 

.466 

28.2 

.390 

38.5 

.342 

60.2 

.304 

63.6 

.273 

78.6 

2.6 

.106 

.526 

30.6 

.450 

41.7 

.394 

54.4 

.860 

68.9 

.315 

86.1 

2.8 

.122 

.600 

32.9 

.5M 

44.9 

.450 

58.6 

.400 

74.2 

.860 

01.6 

3.0 

.140 

.679 

35.3 

.582 

48.1 

.609 

62.8 

.453 

79.5 

.407 

98.2 

3.2 

.160 

.763 

87.7 

.654 

61.3 

.572 

67.0 

.508 

84.8 

.458 

106 

3.4 

.180 

.851 

400 

.729 

54.6 

.638 

71.2 

.667 

90.1 

.610 

111 

3.6 

.202 

.943 

42.4 

.808 

57.7 

.707 

75.4 

.629 

95.4 

.666 

118 

S.8 

.226 

1.04 

44.7 

.892 

60.9 

.780 

79.6 

.693 

101 

.624 

124 

4.0 

.260 

1.14 

47.1 

.979 

64.1 

.856 

83.7 

.761 

106 

.685 

181 

4.2 

.275 

1.25 

40.5 

1.07 

67.3 

.936 

87.9 

.832 

111 

.748 

187 

4.4 

.302 

1.36 

51.8 

1.16 

70.6 

1.02 

92.1 

.905 

116 

.814 

144 

4.6 

.880 

1.47 

64.1 

1.26 

73.7 

1.10 

96.3 

.981 

122 

.888 

160 

4.8 

.360 

1.59 

66.5 

1.86 

76.9 

1.19 

100 

1.06 

127 

.954 

187 

6X) 

.390 

1.71 

68.9 

1.47 

80.2 

1.28 

105 

1.14 

182 

1.08 

168 

6.2 

.422 

1.84 

61.2 

1.68 

83.3 

1.38 

109 

1.28 

138 

1.10 

170 

6.4 

.465 

1.97 

63.6 

1.69 

86.6 

1.48 

113 

1.31 

143 

1.18 

177 

6.6 

.490 

2.11 

65.9 

1.81 

89.8 

1.58 

117 

1.40 

148 

1.26 

188 

6.8 

.526 

2.25 

68.3 

1.93 

93.0 

1.68 

121 

1.60 

164 

1.86 

100 

6.0 

.562 

2.89 

70.7 

206 

90.2 

1.79 

126 

1.50 

160 

1.43 

106 

6.2 

.600 

2.64 

73.0 

2.18 

99.4 

1.90 

180 

1.69 

164 

1.62 

ao8 

6.4 

.640 

2.69 

75.4 

2.81 

102 

2.02 

184 

1.79 

169 

1.61 

200 

6.6 

.680 

2.85 

77.7 

2.44 

106 

2.14 

138 

1.90 

175 

1.71 

210 

6.8 

.722 

3.01 

80.1 

2.58 

109 

2.26 

142 

2.01 

180 

1.81 

222 

7.0 

.766 

3.18 

82.4 

2.72 

112 

2.38 

146 

2.12 

?*c 

290 

Ogh 
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TABI.E4     • 

-(Oontimied.) 

Vel. 
head  in 
Fmu 

Diam.  in  Inebes. 

' 

11 

12 

13 

14 

16 

PrbMul 
Ft  per 
100  ft. 

Cub  ft 
perMiD 

Prbead 
Ft  per 
100  ft. 

Cub  ft 
per  Kin 

Prbead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Prbewl 
Ft  per 

looirt. 

Cub  ft 
per  Mia 

.062 

.180 

79.2 

.165 

94.2 

.162 

110 

.141 

128 

.132 

147 

.076 

.213 

87.1 

.195 

InS 

.180 

121 

.167 

141 

.166 

162 

.090 

.248 

96.0 

.228 

113 

.210 

133 

.195 

161 

.182 

176 

.105 

.287 

103 

.263 

122 

.242 

144 

.226 

167 

.210 

191 

.122 

.827 

111 

.300 

132 

.277 

156 

.267 

179 

.240 

206 

.140 

.370 

119 

.339 

141 

.813 

166 

.291 

192 

.271 

221 

.160 

.416 

127 

.381 

151 

.362 

177 

.327 

206 

.306 

236 

.180 

.464 

134 

.425 

160 

.893 

188 

.366 

218 

.840 

260 

.202 

.614 

142 

.472 

169 

.435 

199 

.404 

231 

.877 

266 

.226 

.667 

160 

.520 

179 

.480 

210 

.446 

248 

.416 

280 

.250 

.628 

168 

.571 

188 

.527 

221 

.489 

266 

.467 

204 

.276 

.680 

166 

.624 

198 

.676 

X32 

.534 

260 

.499 

809 

.302 

.740 

174 

.679 

207 

.626 

243 

.682 

282 

-543 

824 

.330 

.803 

182 

.736 

217 

.679 

254 

.631 

296 

.689 

889 

.360 

.867 

190 

.795 

226 

.734 

265 

.682 

308 

.636 

863 

.390 

.936 

198 

.857 

236 

.791 

276 

.734 

821 

.686 

868 

.422 

1.00 

206 

.920 

246 

.860 

287 

.789 

838 

.736 

888 

.456 

1.07 

214 

.986 

254 

.910 

298 

.845 

846 

.789 

897 

.490 

1.16 

222 

1.05 

264 

.978 

309 

.903 

359 

.843 

412 

.625 

1.22 

229 

1.12 

273 

1.04 

821 

.964 

372 

.899 

427 

.662 

1.30 

237 

1.19 

283 

1.10 

,332 

1.02 

385 

.957 

442 

.600 

1.38 

246 

1.27 

292 

1.17 

•343 

1.09 

897 

im 

466 

.640 

1.47 

263  . 

1.36 

301 

1.24 

354 

1.16 

410 

1.08 

471 

.680 

1.66 

261 

1.42 

811 

1.31 

366 

1.22 

428 

1.14 

486 

.722 

1.64 

269 

150 

3-20 

139 

376 

1.29 

436 

1.20 

600 

.765 

1.73 

277 

1.59 

330 

146 

387 

1.36 

449 

1.27 

616 

Vel- 
beadin 
Feet. 

Diam.  in  Inohee. 

16 

17 

18 

19 

20 

Frbead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frbead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

.062 

.123 

167 

.116 

189 

.110 

212 

.104 

236 

.099 

262 

.076 

.146 

184 

.138 

208 

.130 

233 

.123 

260 

.117 

288 

.090 

.171 

201 

.161 

227 

.152 

254 

.144 

283 

.137 

314 

.105 

.197 

218 

.186 

246 

.175 

275 

.166 

307 

.158 

340 

.122 

.225 

234 

.212 

265 

.200 

sfs 

.189 

331 

.180 

366 

.140 

.256 

251 

.240 

284 

.226 

.214 

364 

.204 

393 

.160 

.286 

268 

.26^ 

302 

.264 

339 

.•241 

378 

.229 

419 

.180 

.319 

284 

.300 

321 

J283 

860 

.269 

401 

.265 

446 

.202 

.354 

301 

.333 

340 

.814 

382 

.298 

425 

.283 

471 

.225 

.390 

318 

.367 

«50 

.347 

40:i 

.328 

449 

.312 

497 

.260 

.428 

336 

.403 

378 

.380 

424 

.360 

472 

.842 

623 

.275 

.468 

362 

.440 

397 

.416 

445 

.304 

496 

.874 

660 

.302 

.509 

368 

.479 

416 

.452 

466 

.4-29 

619 

.407 

676 

.330 

.652 

386 

.519 

436 

.490 

48S 

.466 

648 

.441 

602 

.360 

.596 

402 

.561 

454 

.630 

509 

.502 

667 

.477 

628 

.390 

.642 

419 

.605 

473 

.571 

630 

.641 

690 

.614 

664 

.422 

.690 

435 

.650 

492 

.614 

651 

.581 

614 

.662 

680 

.455 

.740 

452 

.696 

511 

.667 

572 

.6-23 

638 

.692 

707 

.490 

.791 

469 

.744 

529 

.703 

694 

.666 

661 

.682 

788 

.625 

.843 

486 

.793 

648 

.749 

615 

.710 

686 

.674 

769 

.562 

.897 

602 

.844 

567 

.798 

636 

.756 

709 

.718 

786 

.600 

.963 

519 

.897 

586 

.847 

657 

.802 

732 

.762 

811 

.640 

1.01 

636 

.951 

605 

.898 

678 

.861 

766 

.808 

888 

.680 

1.07 

653 

1.01 

624 

.960 

700 

.900 

780 

.856 

864 

.722 

1.18 

669 

1.06 

648 

1.00 

721 

.961 

803 

.904 

896 

.766 

1.19 

686 

1.12 

662 

1.06 

74J* 

1.00 

827 

.9^ 

PIB 

34 
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TABI.E  4 

—  (Oontiniied.) 

• 

Vel- 
head  in 
Feet. 

DUm.  in  Inohee. 

Vel.in 
Feet 

22 

2 

Frbead 
Ptper 
100  ft. 

4 

26 

2 

Frbead 
Ptper 
100  ft. 

» 

30 

perSeo. 

Prbead 
Ptper 
100  ft. 

Cab  ft 
perHin 

Cub  ft 
perMin 

Frbead 
100  ft! 

Cub  ft 
perHiD 

Cub  ft 
perMin 

Frbead 
Ft  per 
100  n. 

Cub  ft 
perMlB 

2.0 

.062 

.090 

316 

.082 

377 

.076 

442 

.070 

618 

.066 

689 

2.2 

.075 

.106 

348 

.097 

414 

.090 

486 

.083 

664 

.078 

648 

2.4 

.09U 

.124 

380 

.114 

462 

.105 

631 

.097 

616 

.091 

707 

2.6 

.105 

.143 

412 

.131 

490 

.121 

676 

.112 

667 

.106 

760 

2.8 

.122 

.164 

443 

.150 

628 

.138 

619 

.128 

718 

.120 

824 

3.0 

.140 

.185 

475 

.170 

666 

.f57 

663 

.145 

770 

.136 

883 

3.2 

.160 

.208 

607 

.191 

603 

.176 

708 

.163 

821 

.152 

942 

3.4 

.180 

.232 

638 

.213 

641 

.196 

762 

.182 

872 

.170 

1001 

8.6 

.202 

.257 

670 

.236 

678 

.218 

796 

.202 

923 

.189 

1060 

3.8 

.226 

.284 

601 

.260 

716 

.240 

840 

.223 

974 

.208 

1119 

4.0 

.260 

.311 

633 

.285 

754 

.263 

885 

.244 

1026 

.2-28 

1178 

4.2 

.276 

.340 

666 

.312 

791 

.288 

929 

.267 

1077 

.249 

1237 

4.4 

.802 

.370 

607 

.339 

829 

.313 

973 

.290 

1129 

.271 

1296 

4.6 

.330 

.401 

728 

.368 

867 

..3.39 

1017 

.315 

1180 

.294 

1856 

4.8 

.360 

.434 

760 

.397 

905 

.367 

1062 

.341 

1231 

.318 

1414 

6.0 

.390 

.467 

792 

.428 

942 

.396 

1106 

.367 

1283 

.343 

1472 

5.2 

.422 

.502 

823 

.460 

980 

.426 

1160 

.394 

1334 

.368 

1631 

5.4 

.455 

.538 

855 

.493 

1018 

.456 

1194 

.423 

1386 

.394 

1690 

5.6 

.490 

.676 

887 

.527 

1055 

.486 

1239 

.462 

1437 

.422 

1649 

5.8 

.625 

.613 

9ia 

.662 

1093 

.619 

1283 

.482 

1488 

.450 

1708 

6.0 

.662 

.662 

960 

.598 

,1131 

.652 

1327 

.613 

1539 

.478 

1767 

6.2 

.600 

.603 

982 

.636 

1168 

.686 

1371 

.644 

1690 

.508 

1826 

6.4 

.640 

.786 

1013 

.673 

1206 

.622 

1416 

.677 

1645 

.639 

1885 

6.0 

.680 

.778 

1046 

.713 

1244 

.658 

1460 

.611 

1693 

.670 

1948 

6.8 

.722 

.821 

1077 

.753 

1282 

.695 

1504 

.645 

1744 

.602 

2008 

7.0 

.765 

.867 

1109 

.794 

1319 

.733 

1648 

.681 

1796 

.636 

2061 
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Art.  4        To  find  (he  dtoolufcgge  tkreayh  a  eomponncl  pipe 

t «» Fig  1  H«  compoBoU  of  any  number  of  pipes.  a«  6,  c, «,  of  (UlTereifti  <IUMM* 
•iers«  whioh  decreue  from  the  retenroir  toward  tb«  outflow  o. 


1 


,^t:ziii^^=^3|=3HiE2L^ 


Figr.lH 

First  find  what  part  of  the  total  bead  H  is  employed  in  forcing  the  water  tJirough 
the  la&t  pipe  » tUone^  thus : 

Let  hOfhbfhe^  and  L s,  be  the  lengtlie  in  ft  of  the  pipes  a,  b,  e,  and  s,  re^>ecti velyj 
Da,  D6,  De,  and  Ds  their  diameters  in  ft;  and  Ao,  A  b,  A  c,  and  As  the  areas  or 
their  cross  sections  in  sq  ft.    Then 

The  bead  In  \ 
!^  IbSSg  iSJ  [   . The  total  he*d  HID  feet 

the  J^n  pipe  ^      ^-HLl^^xD,)  ^   [-Ta^XDi  +  -aToTdT  +     aV«  X  Pc  )  J 
However  many  dlTislons  the  pipe  may  hare,  proceed  in  the  same  way  as  above,  using 

• — — _ for  the  toit  or  narrowest  division  i   and   — — ^- — 

Length  +  64  Diams  *       *^  ^'  narroweei  uivwiou,   ana       ^^ea*  X  Diam 

for  saob  of  the  othen. 

Then,  by  the  formulsB,  Art.  2,  find  the  Telodty  in  ft  per  second,  and  discharge  in 
cub  ft  per  second,  of  the  last  pipe  s,  using  its  actual  diameter,  length,  and  crose 
sectional  area,  and  the  head  Just  found.  Said  discharge  is  evidently  the  discharge 
for  the  compound  pipe. 

For  the  vdoeUff  in  an^portiouj  as  b,  say 

area  of  cross  section    •    area  of  cross    •  •    Telocity    •    Teloeity  in  the 
of  the  given  portion    •     section  of  s     •  •       in  s        •    given  portion. 

For  the  above  rule  and  formula,  we  are  indebted  to  Mr.  Howard  Murpliy,  O  ^ 
of  Phila;  and  for  the  opportunity  of  testing  it  experimentally,  to  Messrs  Morrit, 
Tasker  A  Oo,  Limited,  Pascal  Iron  Works,  Philadelpliia. 
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Fig.  1. 


Art.  4  a.*  The  Tentnrl  Meter  is  dedgoed  for  the  measarement  of  the 
flow  of  liquids  in  pipes  of  large  dimensions,  running  full. 

The  meter  proper,  patented  by  Clement  Herschel,  consists  essentiallf 
of  a  mere  constriction  in  the  area  of  cross-section  of  the  pipe,  with  openings 
in  the  pipe  opposite  its  normal  and  its  constricted  diameters,  for  measuring,  by 
piezometers  or  pressure-gauges,  the  pressures  at  those  points;  while  the 
reirlster.  patented  by  Messrs.  Frederick  N.  Connet  and  Walter  W.  Jackson, 
is  an  elaborate  mechanism,  provided  with  clock-work  and  dials. 

Theory .t  Let  Figs.  1  to  3 
represent  a  Venturi  meter  tube, 
with  three  piezometers  in  place, 
viz.:  No.  1,  over  the  tube  up-stream 
from  th^  constriction  ;  No.  2,  over 
the  constriction  itself;  and  No.  3, 
over  the  tube  down-stream  from 
the  constriction.  Let  the  unshaded 
area  W  in  Figs.  1  to  3,  represent 
the  depths  at  which  the  water 
stands  above  any  assumed  hori- 
zontal datum  plane  0-0;  and  let 
this  shaded  area  A  represent  the 
uniform  pressure  of  the  atmos-  ^ 
phere,  which,  for  convenience,  we 

may  suppose  to  be  converted  into  some  liquid  of  the  specific  gravity  of  water, 
but  distinguishable,  by  its  appearance,  from  the  water. 

The  vertical  distance,  between  the  upper  boundary  of  this  latter  area  and 
any  given  point  in  the  tube,  represents  the  combined  pressure  of  air  and  water 
at  such  point. 

The  velocities  in  the  meter  tube,  at  any  instant,  are  of  necessity  inversely 
proportional  to  the  areas  of  cross  section;  and,  as  the  heads  corresponding  to 
the  several  velocities  are  proportional  to  the  squares  of  those  velocities,  the 
remaining  or  pressure  heads  must  vary  also,  the  smallest  or  lowest  pressure 
head  standing  over  the  throat,  where  the  velocity  is  greatest 

The   increase    of  velocity,  ac- 
Fig.  2.  guired  by  the  fluid  in  passing 

from  section  1  to  section  2,  is  again 

rven  up  in  passing  from  section 
to  section  3:  and,  in  the  case  of 
a  perfect  fluid,  the  pressure  lost 
between  sections  1  and  2  would  be 
perfectly  restored  in  passing  from 
section  2  to  section  3.  In  practice, 
a  small  total  loss  occurs.  This  loss 
U  greater  with  high  than  with  low 
velocities. 

For  a  given  head  in  piezometer 
No.  1  and  given  diameter  of  pipe 
at  section  1,  the  expenditure  of 
head  in  velocity  between  sections 
1  and  2  increases  as  the  area  of  the  throat  is  diminished  and  as  the  throat 
velocity  is  thereby  increased.^  In  Fig.  2  is  shown  the  case  where  all  of  the 
water  head  above  the  top  of  the  throat  is  required  to  maintain  the  velocity 
throiigh  the  throat.  , 

In  Figs.  1  and  2  the  head,  ff,  expended  in  the  increase  of  velocity  between 
sections  1  and  2  is  represented  by  tne  difference  in  level  between  the  tops  of  the 
two  water  columns  1  and  2,  or  between  t  he  tops  of  the  two  corresponding  air 
columns.  In  Fig.  2  this  diffierence  is  equal  to  the  total  vertical  height  of  the 
water  column  at  section  1  above  the  top  of  the  throat  at  section  2. 

*  Abridged  from  a  description  prepared  by  the  writer  as  Chairman  of  a  Com- 
mittee of  the  Franklin  Institute.  Journal  of  the  JF^ranklin  Institute^  February, 
1899. 

t  The  Venturi  meter,  apart  from  its  merits  as  a  measuring  device,  eml>odies 
important  hydraulic  principles.  Hence  its  theory  is  here  stated  more  fully  than 
would  otherwise  be  necessary. 

t  In  a  given  Venturi  tube  the  pressure  and  velocity  at  the  throat  may  be 
varied  also  by  modifying  those  at  sectons  1  and  .^,  as  by  regulating  the  openings 
of  the  valves  of  influx  to  and  of  elBux  from  the  meter  tube,  by  changing  the 
total  head  on  the  system,  etc.  ^  i 
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Fie.  8. 


now  (Fie.  3)  the  throat  see- 
be  still  further  reduced 
other  conditions  remain- 
a  before)  the  throat  veloc- 
'ill  thereby  be  still  further 
tased ;  for  the  total  pressure 
able  for  increase  of  veloc- 
etweeu  sections  1  and  2  con- 
not  merely  in  the  depth  of 
above  the  tube,  but  also 
e  atmotpheric  pressure^  rep- 
ited  by  the  shaded  area  A 
3  the  water  W. 
Fig.  8  all  the  water  has  dis- 
ir^  from  piezometer  2,  and 
a  portion  of  the  liquid 
senting  the  air  has  klso 

peared,  leaving  only  a  portion  of  the  latter  to  represent  such  pressure  as 
remains  in  the  throat.  In  other  words,  the  pressure  within  the  throat  is 
less  than  the  atmospheric  pressure. 

Fig.  8,  the  loss  of  head,  due  to  increase  of  velocity  between  Motions  1  and  S, 
s  Aw  +  A«  =  the  entire  available  head  of  water,  Aw,  plus  a  portion.  A«,  of  the 
spheric  pressure.  The  latter  portion,  A^  is  frequently  called  ''the 
im." 

3  top  of  the  water  column  having  now  disappeared  below  the  top  of  the 
t,  it  is  no  longer  feasible  to  ascertain  the  loss  of  head  by  taking  the  dilTer- 
between  the  levels  of  the  water  surfaces  in  piezometers  1  and  2.    The 

degree    of    *' vacuum"    may   be 
Fio.  4.  found,  as  shown  in   Fig.  4,  by 

using,  in  place  of  the  pianometexs, 
a  glass  tube  bent  over  and  led 
downward  into  an  open  veasel  con- 
taining water  or  mercury.  The 
height  to  which  the  water  (or  the 
mercury,  converted  into  feet  of 
water)  rises  in  this  tube,  shows 
the  extent  of  the  Tacunm,  or  the 
portion,  h\  of  the  air  pressure 
which  has  been  called  into  service 
in  producing  the  high  velocity 
through  the  throat    By  adding 

^     this  to  Aw,  we  obtain,  as  above,  • 

O     the  total  la<9S  of  head  H  between 

sections  1  aud  2. 
en  the  reduction  of  area  at  the  throat  has  proceeded  so  far  that  the  entire 
ible  pressure  of  water  and  air  at  section  1  is  required,  in  order  to  main- 

Fig.  6. 


e  corresponding  velocity  through  the  throat  (t.  e.,  when  the  line  repre- 
\  the  upper  surface  of  the  air  foils  to  the  level  of  the  top  oQhe  throat), 
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DO  further  increase  of  throat  velocity  can  he  seoared  (with  a  given  total  head 
over  section  1)  by  still  further  narrowing  the  throat.'  If  the  throat  is  further 
narrowed,  the  velocity  through  it  will  remain  the  same;  and,  the  rate  of  dis- 
charge being  thus  diminished,  the  velocity  through  section  1  will  be  neces- 
sarily reduced.    In  other  words,  throttling  begins. 

Let  vi  be  the  velocity  in  section  1,  above  the  throat,  and  vj  the  "throat  Teloc- 
ity," or  velocity  in  the  throat  or  section  2. 

Referring  to  Fie.  .5,  the  velocity  head  at  section  1,  measured  from  an  assumed 
datum  represent^  by  the  upper  horizontal  lines,  is 


and  that  at  section  2  is 


^1  =  ~«   » 


*        2flr 


Neglecting  resistances  to  flow,  the  loss  of  head,  between  sections  1  and  2, 
or  ^'  the  head  on  the  Venturi,"  is  equal  to  the  increase  in  the  veloeltj  head,  or 
to  the  loss  in  pressure,  between  a^ ,  and  a^  or 

Hence,  A,-.^«H-|-Ai 


and  tkroat  Telocity  «  r,  *  V2flr  (H -h  Aj)  = -^  2^  (if  +  ^)' 

In  other  words,  the  velocity  at  the  throa^t  is  that  corresponding  to  the  "  head 
H  on  the  Venturi,"  plus  the  head  correspondiug  to  the  velocity  of  approach  Vi 
in  section  1. 

But,  since  the  velocities  are  inversely  as  the  areas  of  cross-section  a^  and  a^, 

•         «     v«*—     o^'a'       U~     *7''a'  7"^»i* 

^"         2g  2ff  2g  "         2g 


2<7  JTot* 


and  tkroat  Telocltjr »  v,  := 


The  ratio 

between  the  area  a^  of  cross-section  at  the  throat,  and  that,  ^i,  at  the  upper  end 
of  the  up-stream  cone,  is  called  the  throat  ratio.   For  a  ratio  of  1 : 9  we  have 

oi  ^        9  9  /si 

or  Vi^l,(m2V2ffJf. 

The  Tentnrl  tnbe,  for  pipes  not  over  60  inches  in  diameter,  is  formed  of 
s<)veral  short  sections  of  cast  iron  pipe,  having  the  lequiied  tirper,  and  fur- 


*  By  Bernouilli's  theorem,  pi  +  Aj 
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aed  with  flangts,  hj  means  of  which  the  Beetloni  are  bolted  together  t«  form 

two  truncated  oones  required. 

1  the  siuHller  sizes,  the  shorter  cone  is  generally  in  cue  section  and  the 

:er  oone  in  two  or  more  sections. 

e  throat  section  is  generally  made  in  a  separate  piece,  and  is  either  made 
)roDse  or  lined  with  that  metal, 
be  ends  of  the  Venturi  tube  are  furnished  with  either  bell,  spigot,  or  flanged 
s,  accordine  to  the  character  of  the  pipe  in  which  the  tube  is  to  be  used. 
^or  still  farfr^i*  streamui,  such  as  those  in  masonry  conduits  or  riveted 
nes,  the  Venturi  tube  may  be  made  of  wooden  staves,  sheer  steel,  cement 
Crete,  brick  or  other  suitable  iuaterial,  metal  being  used  fur  the  throat  piece 
1  where  required  by  the  pressure. 

*be  throat  pieee  is  surrounded  by  an  annular  chambercalled  the  press* 
e  cbamber.  which  communicates  with  the  interior  of  the  throat  by  means 
leveral  holes  drilled  radially  through  the  walls  of  the  latter  at  equal  or 
rly  eaual  distances  around  the  circumference. 

similar  pressure  chamber  is  provided  at  the  larger  end  of,  the  short  cone  for 
?rving  the  pressure  in  the  normal  section  up-stream  from  the  throat ;  ami, 

I  is  desired  to  ascertain  the  final  loss  of  head  due  to  the  passage  of  the  water 
[>ugh  the  Venturi,  a  similar  chamber  must  be  provided  at  the  laiger  end  of 
longer  or  diiw  utream  cone. 

II  desigrnatlnv  the  slse  of  the  meter,  the  diameter  of  the  pipe  of  which 
)rms  a  part  is  usm,  and  not  the  throat  diameter.  Thus,  a.  meter  for  use  in  a 
I  eh  pipe  is  called  a  6-inch  meter. 

'he  reoptoier  gives  periodic  registrations,  usually  every  ten  minates,  in 
ch  the  bead /f-Aj — A  i.  existing  at  the  instant  oi  registry,  is  recordea  in 
ns  of  the  total  discharge  in  cuMe  feet  since  the  last  registry  and  as  an  in* 
ise  in  the  total  number  of  cubic  feet  regisrered.  In  other  words,  the  registry 
qI  ves  the  assumption  that  the  average  velocity,  during  the  period  between  twe 
istrations,  is  equal  to  the  velooity  at  the  instant  of  the  following  registration^ 
he  register  may  be  placed  at  a  considerable  distance  (not  exceeding,  eayjMO 
)  from  the  Venturi  tube.  It  must  be  placed  at  such  a  depth  below  the 
raulic  grade  line  that  the  pressures  existing  in  the  Venttni  tube  shall  at  all 
es  be  transmitted  to  the  register. 

he  pipe  lines,  connecting  the  Venturi  with  the  register,  must  bie  covered, and 
letter  from  weather  and  froet  must  be  provided  lor  the  register, 
he  size  and  cost  of  the  register  are  independent  of  the  size  of  the  Venturi. 
tehaTlor.  From  experiments  by  Mr.  Her8ehel,*tY  bv  the  Bureau  of 
ter,  Phi]adelphia,f  and  by  otherB,t  it  appears  that  the  Ventari  meter  may  ordi^ 
ily  be  depended  upon  to  give  results  within  8  per  cent,  of  the  true  discharge, 
nth  a  48  inch  Venturi,  Mr.  Herschel  If  found  a  total  loss  of  head,  due  to 
passage  of  the  water  through  the  Ventsri  tube,  of  aboiit  10.6  per  cent,  of  the 
d  H  on  the  Venturi.  With  two  54 inch  Venturis,  ProfessorsManc,  Wing, and 
tkinsg  t  found  a  loss  of  14.9  per  cent.,  part  of  which,  no  doubt,  was  due  to 

f presence  of  a  42  inch  gate  valve  in  the  down-stream  cone.    This  last  result 
d  add  about  1.12  feet  to  the  head  required  in  pumping  20,000,000  gallons 
y  through  a  48  inch  main  and  a  Venturi  having  a  throat  ratio  of  1 :9. 
he  Venturi  meter  has  been  found  to  give  perfectly  satisfactory  results  in 
isuring  the  flow  of  brine  and  very  hot  water. 

enturi  tubes  are  made  with  throat  ratios  ranging  from  l:^  (or  2 : 9)  to 
6.  The  former  are  adapted  to  high,  and  the  latter  to  low  velocities;  for, 
}re  the  velocity  in  the  pipe  is  low,  it  is  necessary  to  accelerate  it  greatly  in 
throat  in  order  to  obtain  sufficient  loss  of  pressure  to  secure  reliable  in- 
itions  in  the  register.  These  cannot  be  obtained  where  the  throat  velocity 
ess  than  about  3  feet  per  second.  With  a  throat  ratio  of  1 :  16,  this  would. 
)  a  pipe  velocity  of  ^^  foot  per  second.  On  the  other  hand,  a  meter  with 
^'h  throat  ratio,  adapted  to  low  velocities,  would,with  high  velocities,  exceed 
upper  limit  of  the  register. 

wing  to  its  unobstructed  channel,  free  from  moving  parts,  the  Venturi 
er  is  far  less  liable  to  clogging  than  the  forms  of  meter  in  common  use. 
he  prices  of  the  principal  sizes  of  the  Venturi  meter  are  as  follows:— on 
rd  cars  at  Providence,  R.  i. 

6  inch  9600.00  24  inch  $1,130.00  48  inch  $3,060.00 

12  inch    770.00  36  inch    1,680.00  60  inch   4,890  00 

hese  prices  include  the  register,  which,  in  the  smaller  sizes,  constitutes  the 
icipal  item  of  cost.    Discount,  1901, 10  per  cent. 

Trans.  Am.  Soc.  Civil  Engrs.,  Nov.,  1887,  Vol.  XVII.,  page  228. 
Journal  of  the  Franklin  Institute,  Feb.,  1899. 
Journal  New  England  Waterworks  Assn.,  Vol.  VIII,,  No.  1,  Sep.,  11 
Trans.  Am.  Soc.  Civil  Engrs.,  Vol.  XL.,  Dec,  1898,  pp.  471,  etc. 
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Art.  4  b.  Tlie  Fen*to*Pltot  meter,  invented  and  patented  bj  Mr. 
Walter  Ferris,  of  Philadelphia,  Ik  designed  to  measure  the  flow  of  liquids  in 
pipes  running  full.  It  consists  of  a  device  for  the  reeistratlon  of  the  results 
obtained  by  the  Pltot  tube,  described  on  pages 061  and  662,  and  of  special  devices 
to  prevent  the  dogging  of  the  tubes  and  to  permit  their  examination  while 
in  use. 

In  Fig.  6  let  P  represent  the  level  at  which  the  water  stands  in  the  straight 
Pitot  tube,  t.    Then  k  =  hfl,  or  the  difference  in  level 
between  the  columns  in  the  two  tubes,  is  the  head  FlQ.  6. 

(theoretically  =—  )  due  to  the  velocity  of  the  water 
\  2^/ 

in  the  pipe  as  it  impinges  against  the  open  up-stream 
end  of  the  bent  tube,  c.  For  a  given  velocity,  v,  this 
ditference,  A,  is  constant,  and  is  independent  of  the 
pressure  represented  bv  P. 

The  Ferris  register,  like  that  of  the  Yenturi  meter, 
records  the  velocity  (existing  ai  the  instant  of  registra- 
tion)  in  terms  of  the  total  diMiharse  since  the  last  regi^ 
try  and  as  an  increase  in  the  total  number  of  cubic  feet 
registered.  The  registry  thus  involves  the  assumption 
that  the  average  velocity,  during  the  period  between 
registrations,  is  eauid  to  the  velocity  at  the  end  of  that 
period.  In  the  Ferris  meter  the  registration  is  made 
every  two  minutes. 

Evidently  the  instrument  measures  the  velocity  at 
only  one  point  in  the  cross-section  of  the  pipe,  and  it  may  thus  be  used  to  de- 
termine successively  the  velocities  at  any  number  of  such  points,  but  the  ve- 
locity at  soch  a  point  may  or  may  not  be  equal  to  the  mean  velocity  in  the  entire 
cross-section.  The  instrument  is  therefore  usually  calibrated  by  reference  to 
Bome  accepted  standard,  and  the  coefficient  or  coefficients  thns  obtained  are 
used  in  subsequent  observations. 

The  recording  mechanism  is  operated  by  a  small  hydraulic  motor,  driven  by 
means  of  the  flow  of  the  water  in  the  pipe  itselfl  For  this  purpose  a  second 
pair  of  Fitot  tubes,  is  inserted  into  the  pipe ;  and  the  current,  flowing  through 
these  tubes,  drives  the  motor  without  loss  of  water,  the  water  used  for  power 
being  returned  to  the  pipe.  If  the  velocity  in  the  pipe  is  less  than  8  feet  per 
second  it  must  be  increiuied  by  means  of  a  '*  reducer." 

Experiments  made  by  Mr.  Ferris  and  by  the  Bureau  of  Water.  Philadelphia, 
indicate  that  the  Ferris-Pitot  meter  will  ordinarily  register  witntn  8  per  eent. 
of  the  true  discbarge. 

In  general,  the  siae  and  cost  of  the  registering  apparatus  are  independent  of 
the  tiae  of  tne  pipe. 
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irt.  5.   Mestotenee  oi  ewrvea  and  beniii  to  wster  pipes* 

[uch  uncertainty  exists  respecting  these  matters.    Wetobacb's  form- 
ft,*  for  the  resistance  due  to  a  circular  curre,  Figs.  2  and  8,  is 


A-C 


180        2g 


[cm  +  1.847  (^)  J]  4 


U' 


where 


h  «  head  in  feet  required  to  overcome  resistance  due  to  corTe  or  bend, 

C  =  experimental  coefficient, 

A  =  angle  of  deflection,  in  d^reee, 

V  =  mean  velocity  of  flow  in  pipe,  in  feet  per  second, 

g  =  acceleration  of  gravity  «=  82.2  ft  per  sec  per  seo, 

—  =  head  theoretically  due  to  velocity  v, 

D  =3  inside  diameter  of  pipe,  in  HBet, 
r  =  inside  radius  of  pipe,  in  feet, 
R  =  radius  of  axis  of  curve,  in  feet. 

r-f-R=    0.1       0.2       0.3       0.4       0.5 
then  G  « ai31    0.188    0.168    0.206    a294 


Flff.  S. 


Fiff.a. 


Fly.  4. 

(See  next  page.) 


ccording  to  this  formula,  the  resistance  due  to  curvature  decreases  rapidly 
I  increases  from  ^  D  to  2  D;  aud  but  little  further  decrease  occurs  beyond 
:  5  D ;  but,  from  very  careful  and  elaborate  experiments  on  city  water  mains, 
1 12  to  30  ins  diameter,  in  Detroit.  Mich.,f  the  investigators  conclude  that  a 

of  pipe  with  a  curve  of  short  radius  R  (down  to  a  limit  of  R  =  2^  D)  causes 
resistance  than  does  a  line  of  equal  length  and  equal  total  angle  A,  with  a 
re  of  longer  radius  R.    Their  results  were  approximately  as  follows,  where 
H  =a  resistance  due  to  a  section  of  80  diameters  in  length,  with  a  curve  of 
A  =»  90°  at  mid-length, 

h  s.  resistance  in  a  tangent  of  length  »  80  diameters. 

R-l-D=»    1  2        2.5        8  4  6  10  15         20         25 

iH-i-A=«1.85      1.14      1.18      1.14     1.18      1.24      1.60       1.66       1.80      1.98 

tiey  found  also  that  the  loss  of  head,  due  to  a  curve,  occurs  not  only 
the  cnrre  Itself,  but  that  head  continues  to  be  lost  in  the  following 
;ent,  for  some  distance  down  stream  from  the  curve, 
leir  experiments  led  to  the  inference  that  even  very  sllarht  deflections, 
Q  the  line,  cause  material  losses  of  head,  and  that  care  in  securing 
raight  alignment  is  therefore  highly  advisable.    For  bends,  see  next  page. 

Oer  Ingenieur,  pp.  444,  445. 

Paper  by  Gardner  S.  Williams,  Clarence  W.  Hubbell,  and  George  H.  Fenkell, 

asactions,  American  Society  of  Civil  Engineers,  1901. 
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For  abmpt  angrles.  Fig.  4,  Weisbach  gives:  R«8lttaAee,  in  feet  of  head  * 


-.2^-vv.- 

r%  A  T 

±-  7^^ 

'2g 

If  >^  A  -  10° 
then  c       =  0.03 

20°   80° 
0.14  0.36 

40° 
0.74 

450 
0.98 

50O 
1.26 

1.66 

6OO 
1.86 

65° 
2.16 

70» 
2.43 

Fiff.  4. 


In  addition  to  tlie  resistance  offered  to  flow,  carves  and  bends  in- 
Yolve  additional  labor  and  expense  in  mamifactnre  and  in  laying;  and  vertical 
bends  and  curves  lead  to  the  formation  of  pockets  of  sediment  at  the  feet  of 
slopes,  and  of  air  cushions  at  their  summits. 


Art.  6.  Although,  In  Fig.  5,  the  static  pressures  ttpoB  the  equal  bases,  a  b 
and  a'  V,  of  the  two  pipes  are  equal  (see  Hydrostatics,  Art.  1) ;  yet,  in  order  to 
pump  water  through  either  pipe,  at  a  given  velocity,  an  additional  force  is 
required,  in  order  to  overcome  resistances  to  flow ;  and  these  resistances  and  the 
additional  force  required  in  order  to  overcome  them,  will  be  greater  in  the  longer 
than  ill  the  shorter  pipe. 
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Lrt.  7.  Flow  throaffb  orifieeA.  TbeoretieBlljr  tbe  Ttlooi^,  9,  of  a 
d,  flowiDg  through  a  small  orifice  ia  the  sidt  or  bottom  of  a  very  large  vetael, 
Mual  to  that  acquired  by  a  body  faUing  freiUy  in  vacuo  through  a  height 
laUto  the  head,  A,  or  depth,  measured  Yertioally  from  the  level  surfade  of  the 
d  in  the  vessel,  to  the  oeuter  of  gravity  of  the  orifice ;  or, 

»-  1/27X  -  |/65uT  -  8.08  |/A; 

I 

rbis  law  applies  eqnalljr  to  all  flnlds.    Thus,  theoretically,  mer- 
y,  water,  air,  etc.,  all  flow  with  equal  velocities  from  a  given  orifice  under  a 
en  head. 
''or  deviations  in  practice  Anom  this  theoretical  law,  see  Art  0^  etc. 

Table  lO. 
Teloeftles  tlK»oretleally  due  to  ^Itob  iieadfl. 


lead 

Vei. 

Head 

Yer, 

HeadI  Vel. 

Head' Vel. 

Head|  Vet. 

Head 

Vel 

Head 

Vel. 

'wet. 

ace. 

r«ee. 

Ftp9t 

MO. 

P«et. 

Ftpfr 
*eo. 

Pe«t. 

MO. 

rMt 

MO. 

Feet. 

Feet. 

Ftpw. 
MO. 

OOo 

.57 

.29 

4.32 

.77 

7.01 

1.50 

9.83 

7. 

21.2 

88 

ii.h 

76 

69.9 

010 

.80 

.80 

4.39 

.78 

7.09 

1.32 

9.90 

.2 

21.6 

29 

4l.i 

77 

70.4 

Ola 

.98 

ai 

4.47 

.79 

7.13 

1.54 

9.96 

A 

21.8 

80 

43.9 

78 

70.9 

030 

1.13 

.32 

4.54 

.80 

7.18 

1.6« 

.10.0 

.« 

22.1 

SI 

44.7 

79 

TIJ 

O-lo 

1.27 

.33 

4.61 

.81 

7.22 

1.58 

10. 1 

.8 

22.4 

32 

45.4 

89 

71.8 

OSO 

1.39 

.34 

4.68 

.88 

T,26 

1.60 

10.2 

9. 

22.7 

83 

46.1 

81 

73.3 

033 

1.50 

.85 

4.75 

.83 

7.81 

1.66 

10.8 

.3 

23.0 

84 

46.7 

83 

73.6 

040 

1.60 

.36 

4v81 

.84 

7.16 

UTO 

105 

.4 

334 

86 

47.4 

88 

78.1 

046 

1.70 

.37 

4.87 

.86 

7.40 

1.76 

10.6 

.6 

38.6 

M 

48.1 

84 

78.6 

050 

1.79 

.88 

4.94 

.86 

7.U 

1.80 

10.8 

.8 

38.8 

87 

48.8 

86 

74.0 

056 

1.88 

>39 

5.01 

.15 

7.48 

i.86 

10.9 

8. 

24.1 

88 

49.6 

86 

74.4 

060 

1.9T 

.40 

6.07 

7.63 

1.W 

n.i 

.a 

94.8 

S» 

60.1 

87 

74.8 

066 

iJH 

.41 

6.14 

.89 

7.57 

1.95 

11.2 

.4 

24.6 

40 

60.7 

88 

76.8 

070 

i.12 

.42 

6.20 

.90 

7.61 

2. 

11.4 

.6 

24  8 

41 

6L8 

89 

T6.7 

075 

2.20 

.43 

6.26 

.91 

7.65 

2.1 

11.7 

.8 

25.1 

42 

68.U 

90 

76.1 

080 

2.27 

.44 

6.32 

.92 

7.70 

2.2 

li.9 

10. 

26.4 

48 

62.6 

91 

76.6 

0H6 

2.34 

.45 

538 

.93 

7.74 

2.3 

12.2 

.5 

26.0 

44 

53.2 

93 

76.9 

090 

•J.41 

.46 

6.44 

.94 

T.W 

2.4 

12.4 

n. 

M.6 

a 

58.8 

93 

77.4 

066 

2.47 

^7 

530 

.96 

7.82 

2.6 

12^ 

.5 

27.2 

46 

64.4 

94 

77.8 

100 

2.54 

.48 

5.56 

.96 

7,86 

2.6 

12.9 

12. 

27.8 

47 

66.0 

96 

78.3 

106 

2.60 

.40 

6.62 

.97 

7.90 

2.7 

18.2 

.6 

28.4 

48 

65.6 

96 

78.6 

110 

2.66 

.50 

6.67 

.98 

7.94 

2.8 

13.4 

18. 

28.9 

49 

66.2 

07 

79.0 

115 

2,72 

.51 

5.78 

.99 

7.98 

2.9 

is.i 

.6 

39.5 

60 

66.7 

98 

79.4 

120 

2.78 

.52 

5.79 

IFI. 

8.08 

3. 

14. 

80.0 

51 

67.3 

99 

798 

126 

2.84 

.58 

5.85 

1.02 

&10 

3.1 

14.1 

.6 

30.5 

63 

67.8 

100 

80JI 

130 

2.89 

.54 

5.90 

1  04 

8.18 

32 

14.3 

16. 

31.1 

58 

68.4 

125 

89.7 

136 

2.96 

.56 

5.95 

106 

8.26 

I.S 

14.6 

.8 

31.6 

64 

68.0 

150 

98.8 

140 

3.00 

.56 

6.00 

1.08 

8.34 

8.4 

14.8 

M. 

32.1 

65 

69.5 

176 

106 

145 

8.05 

.67 

6.06 

1. 10 

8.41 

3.5 

16. 

.6 

83.6 

66 

600 

200 

114 

150 

8.11 

.58 

6.11 

1.12 

8.49 

3.6 

15.2 

17. 

83.1 

57 

60.6 

225 

130 

155 

3.16 

.59 

6.17 

1  14 

8..57 

3.7 

15.4 

.6 

88.6 

68 

61.1 

250 

136 

160 

3.21 

.60 

•.22 

1.16 

8.64 

8.8 

15.6 

18. 

84.0 

60 

61.6 

275 

188 

165 

3.26 

.61 

6.28 

1.18 

8.72 

3.9 

15.8 

.5 

84.5 

60 

62.1 

800 

189 

170 

8.31 

62 

6.82 

I  20 

8.79 

4. 

16.0 

19. 

85.0 

61 

62.7 

350 

150 

175 

3.36 

.68 

6ST 

i.n 

8.87 

.1 

16.4 

.6 

85.4 

63 

68.2 

400 

160 

180 

3.40 

.64 

6.42 

1.24 

8.94 

.4 

16.8 

90. 

86.9 

66 

63.7 

450 

170 

186 

3.45 

.66 

6.47 

1.26 

0.01 

.6 

17.2 

.6 

36.3 

64 

64.2 

500 

179 

190 

3.50 

.66 

652 

l.'iH 

9.08 

.8 

17.6 

31. 

86.8 

66 

64.7 

550 

186 

195 

8.55 

.67 

6  57 

1.30 

9J5 

5. 

17.9 

.6 

87.2 

66 

65.2 

600 

197 

MM) 

3.59 

.68 

6.61 

1  .n-i 

9.21 

.2 

18.3 

22. 

37.6 

67 

65.7 

700 

212 

11 

3.68 

.69 

6.66 

1.34 

9.29 

.4 

18.7 

6 

38.1 

68 

66.2 

800 

327 

n 

8.76 

.70 

6.71 

1,36 

9.36 

.6 

19. 

28. 

38.5 

69 

66.7 

900 

341 

8 

8.85 

.71 

6.76 

1.38 

9.43 

.8 

19.8 

.5 

?».9 

70 

67.1 

1000 

364 

U 

3.98 

.72 

6.81 

1.40 

9.49 

6. 

19.7 

24. 

39.8 

71 

67.6 

15 

4.01 

.78 

6.86 

1.42 

9.57 

.2 

20.0 

.6 

39.7 

72 

68.1 

» 

4.09 

.74 

6.»l 

1.44 

9.63 

.4 

20.3 

25 

40.1 

78 

68.5 

n 

4.17 

.75 

6.95 

1.46 

9.70 

.6 

20.6 

26 

40.9 

74 

69.0 

» 

4M 

.16 

6.99 

1.48 

9  77 

.8 

90  J> 

27 

41.7 

76 

69.6 
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Art.  8.  On  tke  How  of  wat^r 
ttaronerli  vertical  openlnics  ftar- 
uiMlieu  with  short  tubes.    Wheu  water 

flown  from  a  reservoir,  Fig  6,  through  a  vert  partition 

mm  a  a,  the  tbicknesB  amof  wbicti  is  about  2H  oritimM 

the  least  tranH verse  dimeiistou  of  the  opening,  (whether 

that  dimension  be  Its  breadth,  or  its  height;)  or  when,  if 

the  partition  be  very  thin,  as  n  n,  the  water  flows  through 

«  tube,  as  at  (,  the  length  of  which  is  about  U  or  3  times  ft* 

leaat  transverse  dimension,  then  the  effluent  stream  will 

entirely  All  the  opening,  or  the  tube,  as  shown  in  Fig  6;  or. 

In  technical  language,  will  run  with  a  fuUfiow ;  or  a  full 

bore  ;  aud  will  disch  more  water  in  a  given  time,  than  if 

the  tube  were  either  materially  longer  or  shorter.    For  If 

longer  than  3  timet^  the  least  transverse  dimension,  the 

flow  will  be  impeded  by  the  increased  friction  agaiaeithe 

sides  of  the  tube ;  and  if  shorter  than  about  twice  tbelOMt 

transverae  dimension,  the  water  will  not  flow  in  a  fall  ■treun,  bnt  in  ft  oontnoted  one,  u  abown  by 

Fig  11.  This  will  be  the  ease  whether  the  tube  be  oirenlw,  or  reotilinew,  in  iti  eroae-ieetfen. 

To  find  approxliiiately  the  actual  vel,  and  dlsch  Into  tke 
air,  tkronvb  a  tube,  or  openlnip,  eltker  circular  or  recti- 
linear lu  Its  outline,  or  croas-aectlon ;  and  wlMae  length  e  i, 
or  e  e.  In  the  direction  of*  the  flow.  Is  about  3^^  or  8  tlmea  Its 
least  transverse  dimension ;  when  the  surface-level, «.  Flir  6. 
remains  constantly  at  the  same  helvht;  and  which  helirht 
must  not  be  below  the  upper  ed^e  of  the  tube,  or  opeulnir. 

Buu  1.   Take  oat  the  theoretieal  rel  fk«m  Table  10,  correaponding  to  the  head  meaeared  vert 

flrom  the  eenter  (or  more  properlj,  the  oen  of  grar)  e,  of  the  opening,  to  the  lerei  water  enrf  $.  Molt 
it  bj  the  ooeff  of  diMh  .81.  The  prod  wiU  be  the  reqd  rel,  in  ft  per  see.  Molt  thie  aetnal  rel  by  the 
tranerene  area  of  the  opening,  in  aq  ft.  If  eireolar,  knowing  it*  diam,  thie  area  will  be  found  in 
Table  i.  The  prod  will  be  the  qnantlty  of  water  diaohd,  in  eob  ft  per  lee ;  widiin,  probablj,  t 

or  4  per  eent. 

BcuS.  Find  the  iq  It  of  the  head  In  ft.  Unit  this  oq  rt  by  <.S.  The  prod  will  be  the  aetnal 
Tel  In  ft  per  leo. 

Bz.  An  opening  e  e ;  or  boz'sfaaned  tobe  c  (,  Fig  6,  la  S  feet  wide,  by  .36  of  a  ft  high ;  and  Ita  length 
in  the  direction  e<  or  e  a  In  whioh  the  water  flowa  ia  abont  .62  of  a  ft,  or  about  tH  timea  ita  least 
tranarerse  dlmenaion,  or  ita  height.  The  head  from  the  oen  of  grar  e.  of  the  opening,  to  the  eonatant 
anrMerel «,  la  4  feet.    What  will  be  the  vel  of  the  water :  and  how  nudb  will  be  diaohd  per  aeef 

-  . .    ..  ^  oorreaponding  to  a  head  of  4  ft  ia  18  ft  per  aee. 

1.    Again,  the  tranarerae  area  of  the  opening,  or  of 
Saqft.    And  .76X12.96= 9.71  oab  ft;  the  qaana»r^Uaebd  per  aee. 

BvXulti.  The  ao  rt  of  4  ia  2.  And2X6.&=lS  ftper  aee.  the  reqdrel,  asWere;  therery  sUght 
diff  being  owing  to  the  omission  of  small  decimals  in  the  eoeflb. 

Rem.  1.  If  the  short  tube  t  projects  partljr  Inside  of  the  vert 
partition  n  n,  the  ditch  will  be  diminiBhed  about  ^  port.    In  that  caie,  um  .71 

or  .7  inntaad  of  the  .81  of  Bnle  1 }  or  6.7  instead  of  the  6.5  of  Bale  i. 

Bbm.  2.  When  the  thiekneaa  a  m  of  the  rert  partition  la  m  a  a :  or  the  length  e  a  of  the  tube  t.  Fig 
6.  it  inereaaed  to  aboat  4  timea  the  least  tranarerse  dimension  of  the  opening ;  or  of  the  diam,  when 
eiroQlar :  then  the  additional  firlotlori  againat  i^  aidea  begina  appreciably  to  leasen  the  vel  and  diaeh. 
In  that  eaae,  or  for  stIU  greater  lengths,  np  to  100  diams,  they  may  be  fband  approximately,  by  nslng 
instead  of  the  oeefT  of  diseh  .81  in  Bale  1,  the  following  ooeib,  bj  whioh  to  mnlt  the  theoretlsal  vela 
ef  Table  la 

TABLE  11. 


Bp  MuU  I.   The  theoretical  rel  (Table  10.  )  < 

And  16  X  .81 = 18.96  ft  per  see,  the  aetnal  vel  reqd. 
the  tube,  is  8  ft  X  .26  ft = .76  sq  ft.    And  .76  X  12.96 


Length  of 
Pipe 

Length  of 

Coeff. 

Coeff. 

in  Diams. 

in  Diams. 

4 

.80 

40 

.62 

e... 

...  .70 

60... 

....60 

10 

.74 

00 

.67 

16... 

...  .71 

70... 

...M 

20 

.09 

80 

A2 

26... 

....«7 

90... 

....60 

ao 

.66 

100 

.48 

Bbm.  8.  When  the  length  of  the  opening  or  tnbe,  in  the  direetion  in  which  the  water  flows, 
lata  than  about  twice  iu  least  transverse  dimension,  the  diseh  is  diminished ;  so  that  for  lengths  from 
IH  times,  down  to  openings  in  a  very  thin  plate,  we  may  nse  .61,  instead  of  the  .81  of  Bole  1.    For 
aneh  openings,  however,  aee  ArU  9  and  10. 

Bni .  4.  But  on  the  other  hand,  the  disch  throogh  snob  short  openings  and  tabes  a»  are  shown  In 
Fig  6.  may  be  increased  to  nearly  the  theoretical  ones  of  Table  10,  by  merely  rounding  off  neatly  the 
•dgei  of  the  entrance  end  or  month,  as  in  Fig  7 ;  which  is  the  shape,  and  hsilf  aetnal  sixe  of  one  with 
which  Wetsbach  obtained  .976  of  th4  theoretical  rel  and  discharge,  when  the  head  was  10  ft ;  and  .968 
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with  »  heU  or  OM  Ibg*;  m  that  la  aiallar  euM,  .MS,  and  .«M  my  be  «wd  lorteaA  of  Uw  ootff  J| 
iaBvlel^ 


Bifir.a 


Fiff.0. 


Aa  mooh  u  .92  to  .M  may  be  obtained  bj  widening  the  opening,  «•  it,  toward  its  outer  month,  oa. 
Fig,  8,  making  the  dlTergenoe,  or  angle  a.  about  6P :  or  bj  widening  it  toward  it*  inner  mouth,  as  at 
t  c,  lig  9 ;  bat  inereuing  the  angle  of  diTergenee.  at  b,  to  from  11<>  to  UP.  In  all  oaaet,  we  oonsider 
the  small  end  as  beii^  the  opening  whose  area  must  be  multiplied  bjr  the  vel  to  get  the  dlsoharge. 

In  some  experlin«Bte  mMle  wltli  imrge  pynunidal  wooden 
troairbs  9.5  ft  long,  ^rith  an  inner  mouth  of  3.2  X  2.4  ft,  and  tf  discharging  one 
of  .63  X  .44  ft :  and  under  a  head  of  9}i  feet,  the  disoharge  was  .98  of  the  theoretioid  one,  due  to  the 
smaller  end.    Therefore,  .9^  may  be  used  in  suoh  eases,  instead  of  the  .81  of  Role  1. 

Rkm.  5.    By  using  an  a^Uutage  shaped  as  in  Fig  10,  the  diseharge  may  be  inoreased  to  i 
times  that  due  to  the  head  above  the  center  ofgravUf/  s  of  the  oriflee  «•«:  I>ecan8e  in  noeh  cases,  as 
explained  in  Art  1  w,  the  true  head  at  s,  or  the  head  oaosing  the  rapid  flow  through  the  nar. 

rowMt    portion    m»,   may    be   mueh 
^  greatsr  than  the  head  above  s. 


9m  tiM  VtBtvi  Mtter,  Art  i  •. 


piarKX 


FifirU. 


Art.  0.    On  tbe  dlacii  of  water  tlir<NislK  oi^eninvs  in  tbin 
Tert  portltlons,  witb  plone  or  flat  faces*  e  «,  or  n  n,  Fig  11.*    If  the 

laoe  s  e,  or  »  »,  instead  of  being  plane,  and  vert,  should  be  ourred, 
or  inoHning  te  dllT  direetions  toward  the  opening,  then  the  disoh 
will  be  altwed.  When  water  flows  from  a  reservoir.  Fig  11,  through 
a  vert  plane  plate  or  partition  wn,  which  is  not  thicker  than  about 
the  least  transverse  dimension  of  the  opening,  whether  thatdimensioa 
be  its  breadth,  or  igi  height  o  o ;  t  or  when.  I*  the  partition  e  e  itself 
is  much  thicker,  we  give  the  opening  the  shape  shown  at  h,  (whioh 
evidently  amounts  to  the  same  thing,)  then  the  effluent  stream  will 
not  pass  out  with  %ftM fiow,  as  in  Fig  6,  but  will  assume  the  shape 
shown  in  Fig  11:  forming.  Just  outside  of  the  opening,  what  is 
oalled  the  vena  contrmetm,  or  contracted  vein.  In  order  that  this 
oontraotion  may  take  plaee  to  lu  fullest  extent,  or  become  complete, 
the  Inner  sharp  edges  of  the  opening  must  not  approach  either  the 
surf  of  the  water,  or  the  bottom  or  sides  of  the  reservoir,  nearer 
than  about  IH  times  the  least  transverse  dimension  of  the  openina. 
The  contracted  vein  occurs  at  a  dist  of  about  half  the  smalleiit  di- 
mension of  the  oridce,  ft-om  the  oriflee  itself.  In  a  circular  orifice^ 
at  about  half  the  diam  dist:  and  ordinarily  its  area  is  about  .63.  or  nearlr  H  that  of  the  orlBoe  itself; 
At  this  point  the  actual  mean  vel  of  the  stream  is  very  nearly  (about  .97)' the  theoretical  vel  given bf 
Table  10,  and  he&oe  the  actual  disc**  are  but  .63,  or  nearly  ^  of  the  theoretical  ones. 

Que  1.    To  find  tbe  actual  discb  Into  atr4  tbroaprb  eltber  a 
circular  or  rectilinear g  opening  in  a  tbin  vert  plane  parti- 

*  We  believe  that  these  mlea  fbr  tbin  plate  are  alsa  MriBoieotly  appreximata 
for  most  practical  purposes,  if  the  opening  be  in  the  bottom  of  the  reservoir; 
or  in  an  inclined,  instead  of  a  vert  side. 

t  When  the  side  of  a  reservoir,  or  tbe  edge  of  a  plank.  Ac.  over  which  water 
flows,  has  no  greater  thickness  than  this,  the  water  is  said  to  flow  threng]ii» 

or  over,  tbin  plate,  or  tbin  partition. 

i  Should  the  dIsoh  take  place  under  water,  as  In  Fig  13.  both  eurf-lopele  re- 
maining constant,  then  tbe  head  to  be  oned  Is  the  vert  dlff  ao,  of  the  two 
levels.  After  making  the  calculation  with  this  bead,  we  should,  according  to 
Welsbach,  deduct  the  j-^  part;  inaarouoh  as  he  states  that  the  disoh  is  that 
much  less  when  under  water,  than  when  it  takes  place  ft-eely  into  the  air. 
Other  experimenters,  however,  assert  that  it  is  precisely  the  same  in  both  cases. 

§  If  the  shape  of  the  opening  is  oval,  triangular,  or  irregular,  the  heai 
mnst  be  measured  vert  from  its  cen  of  grav. 
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41oii«  when  the  contraction  !■  complete ;  and  when  the  muvt* 
level, «,  remains  constantly  at  the  same  heiipht;  water  belBir 
supplied  to  the  reservoir  as  fast  as  It  runs  out  at  the  open- 
inn:.* 

RoLx  1.  Wbeo  the  head,  meaanred  vert  from  the  center  (or  rather  from  the  cen  of  grav)  e.  of  the 
openiug,  to  the  surf- level  •  of  the  reservoir,  is  uot  le«8  than  1  ft.  nor  more  than  10  ft ;  and  when  the 
least  trancverae  dlmenaion  of  the  opening  ii  not  less  than  an  inch,  mult  the  theoretical  Tel  in  ft  per 
sec  doe  to  the  head,  (Table  10,  )  bj  the  coeffieieut  of  diaeb  .63.    The  prod  will  be  the  actual 

mean  vel  of  the  water  throng h  the  opening.  Mult  this  vel  bj  the  area  of  tM  opening  in  aq  ft;  tbf 
prod  will  b«  the  disch  in  cub  ft  per  sec,  approximately. 

When  the  bead  is  greater  than  10  ft,  use  .6,  Instead  of  .62. 

BcLB  2.  Find  the  sq  rt  of  the  head  in  ft.  Unit  this  sq  rt  bj  & ;  the  prod  will  be  the  Tel  in  ft  pei 
■eo ;  which  mult  by  the  area  as  betbre  for  the  diaoh. 

Bx.  What  will  be  the  disoh  through  an  opening  in  complete  contraotloBt  whose  dimensions  are  t 
ins,  or  .5  ft  vert ;  and  4  ft  bor ;  the  vert  head  above  the  cen  of  grav  of  the  opening  being  constantlj 
•  feet? 

By  Rule  1.  The  theoretical  vel  (Table  10,  )  corresponding  to  6  ft  bead,  is  19.7  ft  per  sec.  And 

19.7  X  .62  =  12.214  ft,  the  reqd  Tel.  Again,  the  area  of  the  opening  =  .5  X  4  =  8  sq  ft ;  and  12.314  X 
2  =  24.428  cub  ft  per  sec ;  the  disoh. 

BtMuU2.  The  sqrt  of  6  =  2.45;  Mkd  3.45  X  5  =  13.35  ft  per  MO,  th«  Mqd  T«l ;  andlt.35XS=: 
24.6  onb  ft  per  sec,  the  disoh. 

Both  verj  approz  even  if  the  orifice  reaohei  to  the  inrfkce  of  the  isaalng  water. 

Rem.  1.    The  coef  .62  is  a  mean  of  results  of  many  old  experimenten 

In  1874  Qenl.  T.  6.  Ellis  of  Massachusetts  conducted  an  elaborate  series  (Trans  Am  8oo  O  R,  Feb 
1876)  on  a  large  scale,  the  general  resnlu  of  which,  within  less  than  1  per  ct,  are  given  In  the  follow- 
ing  table.    S^  also  Rmn  3.    The  sharp  edged  orifices  were  in  iron  plates  .25  to  .5  inch  thick. 


Orifice. 

Head  above  Center. 

Coef. 

Sftsq. 

3.    to   SJitt. 

.60  to  .61 

% 

2  "long,  1ft  high 

1.8, to  11.8  " 

.60  to  .61 

3  '<  long.  .5  high 

1.4  to  17.0  •• 

.61  to  .60 

3  ••  diam. 

1.8  to   9.6" 

.69  to  .61 

Bem.  ft.    Extreme  care  is  reqd  to  obtain  correct  results;  but  for  manj 

purposes  of  the  engineer  an  error  of  5  to  10  per  et  is  unimportant. 

It  will  rarely  happen  that  greater  Meoraoy  is  required  than  m«j  be  obuined  bj  the  foregoinf 
rules;  but  when  such  does  occur,  aid  mar  be  derlTed  ttom  the  following  table  deuuceo 
from  the  experiments  oi  liCsbros  and  Poncelet,  on  openings  8  ini 

wide,  or  diff  heights,  and  with  diflT  heads.  Une  that  coeff  in  the  table  which  applies  to  the  case,  in« 
itead  of  the  .62  of  Rule  1.  In  some  of  the  cases  in  this  table,  the  upper  edge  of  the  openiug  is 
nearer  the  surf -level  of  the  retenroir  than  l^  times  its  least  transverse  dimension. 

TABIiE  12.     C^oefficients  for  rectansnlar  openings  in  thin 
vertical  partitions  in  full  contraction.* 


Head 

Bead 

The  breadth  in  aU  the  openings  =  8  inebee. 

above  cen. 
of  grav.  of 
opening 

above cen. 
of  grav.  of 
opening 

HEIGHT  OP  OFBIONO. 

Ina. 

Ins. 

Ins. 

Ins. 

Ins. 

Ini. 

Ina. 

ihFeet. 

in  Inches. 

8 

6 

4 

8 

S 

1 

.4 

.038 

.4 

.70 

.0666 

.8 

.65 

.69 

.0638 

1 

.64 

.68 

.125 

\H 

.61 

.64 

.68 

1666 

2 
8» 

.60 
.61 
.61 
.61 

.62 
.62 
.62 
.62 

.64 
.64 
.64 
.64 

.68 

2083 

.69 
.60 

.67 

.350 
.2917 

.67 

.57 

.66 

.8383 

4 

.58 

.60 

.61 

.68 

.64 

.66 

.8750 

^H 

.56 

.59 

.60 

.61 

.68 

.64 

.66 

.4167 

5 

.57 

.59 

.61 

.62 

.68 

.64 

.66 

.6666 

8 

.59 

.60 

.61 

.62 

.68 

.64 

.65 

I 

12 

.60 

.60 

.61 

.62 

.68 

.63 

.64 

8 

86 

.60 

.60 

.61 

.62 

.62 

.63 

.63 

6 

60 

.60 

.60 

.61 

.61 

.63 

.62 

.62 

M 

120 

.60 

.60 

jOO 

M 

.60 

.61 

.61 

RsM.  9.  Careful  expcrimenlM  on  openinirs  4^ift  wide,  and  l«i 
ins  hiirh.  tinder  heads  of  from  6  to  16  ft,  show  that  the  coeff  .62  will  giye  resultn 
eon«et  within  ^  part,  for  opeaingi  of  that  die  also,  under  large  heads;  although  the  thickneas  o'! 
the  partition  varied  on  iu  dlfT  sides,  from  13  to  30  ins.  It  must  be  recolleotcd,  however,  that  nethinf. 
more  than  close  appnKOmtiaam  are  to  be  attoined  in  an^  natters. 

Rbm.  4.  It  hns  been  asserted  by  some  writers,  that  when  two  or  more 
entUiffuaus  openinfl:*  ^r®  discharging  at  the  same  time  from  the  same  rrser- 
volr,  they  dlnch  leu*  in  proportion  than  when  onir  one  of  them  in  open.  Other  ezperiinenta.  how' 
ever,  seem  to  show  that  this  is  not  the  case ;  it  is  therefore  probable,  at  least,  that  the  itffj  if  an/, 
ia  but  trifling. 


*  See  first  footnote  on  preceding  page. 
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Tli«  diseliaiM  tliro«vli  thin  vert  pArtltioMS  In  eom* 
B,  when  the  sarfaee-levc^k,  m,  Fi«r  IS^deiieeads 


%<e2. 

leteeontrMctiOB,        

\  the  water  flown  out  into  the  air.  In  this  case.lf  th«  reservofr  if 
smatio,  Uial  in,  if  iu  bor  seoiiona  are  ev«rjwb«re  equal ;  and  if  uo  water  i»  ttoving  iuto  (he  raeer' 
r,  to  supply  the  plao  ■  of  thai  which  flow*  out,  then,  lo  find  the  time  reqd  to  disoh  the  reaenrolr. 
tots.  Inaimaoh  as  tbe  time  in  which  such  a  reaenrotr  entirely  diaohargee  iieeir,  i»  twioe  that  in 
ioh  tlM  same  qaaoiity  would  liow  out  vndar  a  eoaeiaat  bead,  a«  in  CaM  1,  therefore,  oal-~ 

oulau  (he  diaeh  1b  cub  ft  per  aee  b j  Kule  1,  Art  9;  div  the  number  of  oob  ft  con- 
tained in  the  reverroir,  above  tbe  level  y  of  the  bottom  of  the  opening.  Pig  13.  bj 
thia  diaoh ;  the  qnot  will  be  the  number  of  aeo  in  whieh  a  volume  equal  to  thai  in 
tiM  reaervoir,  to  the  depth  g,  would  run  out  in  Caae  1,  of  a  conatant  head.  And 
twiee  thia  number  will  be  (he  aeoonda  reqd  u»  eaiptj  (he  reeervoir  in  Caae  2,  of  a 
vcMYiiM  head> 

Bnc  ir  it  ihoaM  be  reqd  (o  find  (he  (Ime  in  whieh  aaeh  a  prlaaatio  neenroir 
would  parUp  empty  itaelf,  aa.  for  inatanoe.  from  m  to  n.  Fig  13,  Qrat  oalonlate,  by 
the  above  rule,  the  aeoa  neoeaaary  to  empty  it  If  it  had  only  been  filled  to  n :  and 
afterward  oaloolMaaa  if  it  had  been  filled  to  m.  Tbe  diff  between  (he  (we  lime* 
will  evidently  be  (he  time  reqd  lo  emp(,y  it  Crom  ai  to  n.  If  ttie  opening  ia  itwt  in 
complete  oontraclion.  see  Arta  11.  to. 

If  thedlseh  is  into  m  lower  reservoir,  whose 
sarf>ie vel  remains  constant,  proceed  in  the  B«me  inaiiner; 
only  use  tbe  diff  of  level  of  (he  (wo  enrfa  aa  (he  head,  and  afierw«rd  (aooordiag 

to  Weisbach)  Increase  the  (ime  J^  par(. 

IkrU  10.  Diseh  from  a  reservoir  R,  Flff  14,  the  surf-level,  «, 
'  whieh  remains  eonstantly  at  the  same  height;  thronyb 
1  opentnar«  o*  in  thin  vert  partition ;  and  in  complete  con- 
action;  bnt  entirely  nnder  water;  and  Into  a  prismatic 
«ervoir,  m. 

Seconds  required        ^helgh(«e  ^  hor  area  of 
(0   diacbarge    a   quantity  =        ^^     -7^  ^       ^  m  in  sq  ft 
c  a  a,  the  Uotl  e  rmitat$Ung  z- 


Fiff.13. 


area  of  epeniBg 
eineqft 


X  .«  X  8.08 


Seconds  reonlred , 

!•  raUt  level  in  «•  mm  0  (o  a  * 


^/height  Ae  ^  horanftef^« 
^       inft       ^aainaqftXl 


Seconds  required 

to  rttiM  leval  in  'm  tnm  e  (•  = 
•Af  other  level,  d. 


V    tS(hinft  j^"»'°«i^    ^* 
^£y,J*»«X.«lX8j88 


If  the  bottom  of  the  openlnir  o,  should  coincide  with 
torn  of  the  reservoir,  then  the  ooeff  will  become  greater  than  .02. 


EliM.  1.  If  It  should  l»e  reqd  to  fl  nd  the  time  of  fllllnar  *»,  from 
1  bottom  e,  up  to  <f.  we  may  do  so  very  approximately  by  caTculating  by 
first  rule  In  Art  9.  (he  dme  reqd  from  «  to  the  center  of  (be  opening  o,  aa  if  all  that  portion  of 
diaoh  took  plaoe  into  air ;  and  afterward,  ft-mn  tbe  oenter  ef  (he  opening  to  d,  by  tbe  role  JMt 
en.  This  caae  is  similar  to  that  of  filling  a  look  from  the  canal  reach  above,  in  which  tbe  aurf* 
si  may  be  considered  constant. 

iiM.  2.  iftr  — " — 
le  bottom  4 

Art  11,  A>r  obtaining  ooeffa  for  imperfect  oontraotlon. 

tBM.  3.  If  the  openlufr.  Instead  of  l»einf  In  complete  con- 
action,  is  of  any  of  the  shape*  Figs  tf  to  9,  then  a  reference  to  Art  8  will  show 
»t  ooeff  mnat  be  subatltnted  for  .62. 

>u<  3.  Disch  from  one  prismatic  reservoir,  Flfr  18,  W,  into 
lother,  X,  of  any  comparative  slses  whatever,  through  an 
»enlnic  o.  In  a  plane  thin  vert  partition,  and  in  complete 
ntractlon;  wiien  the  water  rises  in  X,  while  It  Iklls  In  W. 

J.  fb  JliMl  l*«  Mm*  in  urikfe*  (*«  teoler. /oielfHr  yrom  WtetoX,  ikroM^r* 

^     %  e.  iefa/aitaro«v»(*«(«alaa,  aooale  a<«iMlalM««MMleMl  10,  <i» 

1  to  fill  X  ftpom  e  to  d,  (dbeing  the  bottom 


itj 


In  thiaeaae,  the  wa 

of  the  opening  o.)  flows  ont  into  the  air ;  and  the  time  neoeaaary  for  it 
to  do  eo,  mnaTbe  ealenlated  aep«ra(ely  firem  (bat  reqd  above  d,  whieh 
Saw*  Into  water. 

Bns.  Fira(  from  %%ftd.  Find  (he  hor  area  of  eaoh  reaervoir,  in 
•q  f(.  MaK  (he  hor  area  ef  X,  by  (he  ver(  dep(h  da  in  f(,  for  tbe  cub 
ft  eoBtained  in  that  portioo.  Div  (heae  cub  (t  bv  (he  hor  area  of  W. 
The  4«ot  will  be  (he  diet  an»,  in  fee(,  (httmgh  whieh  (he  water  In  W 
■iiisl  deeoeod,  in  order  to  fill  X  to  d. 


Seconds  ro.       K;«2j^,j^  (^h««jlan^^head-,W-) 
quired  to  low^.  _  W  in  aq  ft       ^  *•"*  infl    / 


Fiff.]& 


•r  ttttm  a  (0  m,  and  ^ 
miaa  from  e  to  «L 


^'•V/„"i5^ft"'X.8iX8.03 
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9eeonds  required . 

to  lower  from  «•  to  «,  and  rmlu 
from  d  to  e.    (Very  approx) 


Hor  area  of . 


twice  the  bor  area  . 
of  V  in  eg  ft 


:v/^ 


Area  of  /nor 
opening  X  I  of 
•In  sq  ft        Mn  I 


hor  area       hor 
^     +     ofX 
fk       in  aq 


) 

ft/ 


X  .62  X  t.M 


Ex.  Let  the  hor  area  of  W  be  100  wi  ft:  and  that  of  X,  60  sq  ft.  Let  an  be  20ft;  and  mn  16  ft; 
and  the  area  of  the  opening  o,  3  sq  ft.  In  what  time  will  the  water  deeoend  from  a  to  »,  and  rtoe 
ftwm  «  to  e  ? 

luasmuch  as  the  mefhod  of  finding  the  time  for  filling  ft-om  e  to  d.  by  the  water  falling  tnm  a  to 
m,  requires  no  further  exemplitlcatiou,  we  will  oouflne  ouraelToe  to  the  additionml  time  necetaar/  for 
filling  from  d  to  e,  br  the  water  falling  from  m  to  «.    To  find  thii,  we  hare,  the  sq  rt  of  the  head 

4  X  100  X  60  X  2  48000 

ii»n  =  4ft;  andthe»nmofthe2areaa=100+60  =  160.    HeMO,  r    ^       '^^^^      _     "^w  _ 


20.1  seo;  the  additional  time  reqd,  very  approximately. 


'  160X8.01  X8X^ 


2S8t.Tt 


NoTx  1.  If  tbe  opening,  as  d,  Vig  16,  reaelies 
to  file  very  bottom  of  the  reservoirs,  we  may 

oonaider  all  the  water  flowing  from  B  into  T,  as  flowing  into  water. 
Therefore,  using  the  head  am,  we  at  once  calculate  the  time  necesaary 
for  the  water  in  the  two  reservoirs  to  arrire  at  the  same  level  «  e,  by 
the  last  process  of  the  preceding  role ;  or,  in  other  words,  by  the  pro> 
cess  given  in  the  preceding  example.  But  in  this  case  it  must  be  borna 
In  mmd  that  the  opening  o  is  no  longer  in  complete  contraction,  inas- 
much as  the  coDtraotion  along  its  lower  edge  is  suppressed. 

The  disch  will  consequently  be  somewhat  increased;  and  a  ooeff 
greater  than  .62  becomes  necessary.    The  method  of  flnding  this,  is 

even  in  the  following  Case  4.    A  reference  to  Art  8  will  give  the  ooeff 
case  the  opening  is  shaped  as  Figs  6  to  9.       ' 

Art.  11.    Case  4.    Tbe  clisebarge  tliroiisli  openini^s  in  plane 
thin  vert  partitions;  but  in  incomplete  contraction. 

The  opening  may  be  suoh  that  contraction  will  take  place 
along  one  portion  of  its  perimeter,  or  at  the  top  of  the  open- 


Yig.  16. 


ing  a,  Fig  17 ;  while  it  is  suppressed  on  another  portion ; 
at  the  bottom  and  two  ends  of  the  opening  a ;  where  suppres- 
sion is  oaused  by  the  addition  of  ehort  aide  and  bottom  pieces 


c,  c,  0.  Or  it  may  be  caused  by  the  bouom.  or  ends,  or  both, 
coinciding  with  the  bottom  and  sides  of  the  reservoir.  In 
such  cases  the  disoh  will  be  greater  than  in  those  of  complete 
eontraction ;  but  less  than  in  those  of  full  flow ;  inasmuch  as 
the  opening  now  partakes  somewhat  of  the  character  of  the 
short  tubes  of  Art  8;  and  the  ooeff  will  rise  ftvm  .62.  or  that 
which  tuuiMy  pertains  to  openings  in  full  oontraodon ;  and 
will  approach  .8,  or  that  of  full  flow,  in  proportion  to  (he  ex* 
tent  of  perimeter  along  which  contraction  is  suppressed :  or 
even  to  .9  or  .96  by  the  use  of  such  openings  as  are  shown  by 
Figs  7,  8,  9. 


Fig.  17. 


To  find  approximately  a  new  coeff  of  dlsoli;  and  tbe  diseb 
itself,  in  cases  of  incomplete  contraction. 

BiTLX.    First  find  by  the  foregoing  rules,  what  wouM  be  the  disoh  in  the  particular  case  that  may 

ipposing  ""■- '—  '-  '--  •-"-     — ^       "-  --  — •  -   --•^- 

be  opening  oi 
I  if  the  openi 

I,  a.  Then  say,  as u      ..  _.  .,     , , 

(Qsmillj  M)  to  the  reqd  new  ooeff,  Fia»lly,  repeat  the  original  oaloolatloa,  only  substituting  this  new 


be  under  consideratio'n,  supposing  the  contraction  to  be  complete.    Then  div  that  portion  of  the 

iwhieho *— * w^  .. — .. . ., 

)  opening  is  reotangular,  or  by  .128  if  oiroular.  To  tbe  prod  add  unity,  < 
the  sum,  o.  Then  say,  as  unity,  or  1,  is  to  fii^  so  is  the  ooeff  for  complete  contraction  in  ordinary  oases 


perimeter  of  the  opening  on  whieh  oentraetion  is  suppressed,  by  the  entire  perimeter.    Mult  the  ouot 
by  the  deo  .152  if  tbe  opening  is  reotangular,  or  by  .128  if  oiroular.  To  tbe  prod  add  unity,  or  1.  Osll 


ooeff  in  the  plaoe  of  .62. 

According  to  this  rule,  we  have  the  following  ooeff  of  discharge  for  rectangular  openings  within  pro- 
bably 8  or  A  per  cent,  when  contraction  is  not  suppressed  on  more  than  K  of  tbe  perimeter.  The  theo- 
retical discharge  molttplied  by  the  oorrespondlilg  ooeff  wRl  give  the  aottial  dlsoharge.  When  the  eoB* 
traction  is  oarried  ferUter,  th«  ooeff  beaomes  exttemely  irr^lar,  and  !•  probabfy  mdAtarminable. 

For  eomf^te  eontracHon  .{ordinartlff) 62 

When  contraction iMMi^rested  on  ^  tkeperimtttr »«...... .64 

><  "  "       67 

"  "  "  "    /      "»"  " 69 

"  "         "  "  enHrelp  around  the  orifie* 80 

Intermediate  ones  can  be  estimated  nearly  enough,  mentally. 

Rem.  1.  l¥hen,  instead  of  a*  short  spout,  as  in  VIk  17,  tbe 
opening:  is  provided  with  an  indeHnitely  long  bor  tronarh. 

similarly  attached,  and  open  at  top,  tbere  will  be  no  practically  appreciable  dimiqntlon  of  disoh  belov 

d  mei 

^ „ „  _  „  90peL__, . 

such  drcumstanees  the  disch  may  be  calculated  by  the  rnles  in  Art  9.  But  with  smaller  heads  (ho 
disch  diminishes  considerably ;  so  whea  the  head  above  the  oenter  becomes  but  as  great  as  (he  height 
of  tbe  opening,  it  will  be  but  about  -^  of  the  calculated  one.  With  still  smaller  heads,  the  flow 
becomes  less  much  more  rapidly ;  but  has  not  been  reduced  to  any  rule. 

KiM.  2.    If,  instead  of  beinff  hor,  the  trough  is  OTdLIKfiH 


similarly  attached,  and  open  at  top,  .  ,    ..        

that  through  tbe  simple  opening  as  at  a,  Fig  11;  provided  tbe  head  measured  above  the  cen  of  grav 


of  the  opening  be  at  le'ast  as  great  as  2  or  2H  times 'the  height  of  the  opening  Itself.  Therefore,  under 
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■•  iiia«h  as  1  !■  lO,  the  disch  will  t>»  inereattd  ▼ery  slliditlj,  (loiiie  8  or  4  per 
oMt)  over  thftt  ealeolAMd  \tj  (h«  rak«  io  Art  9.  for  tlM  ptaln  op«Biaff.  fbrnt  raralu  wert  obuoed 
b7  ezperiments  on  a  T«rj  small  aoal* ;  aod  slioiUd  be  ooasldwrod  m  laere  approjdmaUoiu. 

Art.  19.  In  a  case  like  Tig  18,  wbere  contraetloa  is  supposed 
Io  be  suppressed  at  tlie  bottom,  and  at  botb  Tert  sides  of  tbe 
openini^  o,  in  oonseaaence  of  their  coincidiiig 
with  tbe  bottpm  and  sides  or  the  rcserroir;  bat  wbere  tbe 
froot  of  tbe  reeenrolr,  inatead  of  being  Tert.  Is  sloped  as  at/; 
and  when  the  water,  after  learing  the  opening,  flows  away 
over  a  slightly  sloping  apron,  g,  then  tbe  disob  io  oub  ft  per 
see  may  be  approximately  foand  by  Kule  I,  Case  1.  Art  9, 
only  subccitathig  S  in  plane  of  M.  when  /  slopes  bank  4&o, 
or  1 1^  1:  or  .H  when  /  slopes  baek  9»°,  or  with  a  base  i^  1 
to  a  rise  of  2.  In  such  oases  of  inclined  fronts,  the  height  of 
the  opening  must  be  aeHsured  vert,  or  rather  at  right  anglet 
to  th0  fioor  ^  t*e  r—tmolr:  and  not  In  a  line  with  th« 
sloping  fh>nt. 

RiM.  Wben  tbe  front,  A  of  tbe  reservoir  Is  vert,  and  a  slopinfr 
apron  or  tronyb,  g^  Is  used,  havins  its  upper  edge  lerel  with  the  hottom 
of  the  opening,  the  diseh  is  not  appreelably  diminished  below  that  whteh  takes  plaoe  fkvely  lato  die 
air,  provided  the  head  above  tbe  oen  of  grav  of  the  opening  is  not  less  than  ttvm 

,    la  to  24  ins,  far  an  opening  « to  9  ins  hifh. 
IS  to  16  ••      "    •'       ♦•       4  ins  high. 

9         •'*'•]  ins  or  lees,  Irigh. 

Art.  IS.  To  And.  approxlnkately.  tbe  tine  read  for  tbe  emp- 
tying of  a  pond,  or  any  otber  reservoir,  as  Flir  10,  wbieb  is 
not  of  a  prismatie  sbapei  tbrouffb  an  opening,  n,  near  tbe 
bottom. 

IUtlb.  Fin*  ascertain  the  eza^t  shape  and  dimensions 
of  the  reservoir.  If  large,  and  irregnlar.  it  must  be  eare< 
fully  anrveyed ;  aod  soundings  taken,  and  flc nred  upon  a 
eorveot  plan  and  oross<seotlons.  Next,  oonslder  the  entire 
body  of  water  to  be  divided  into  a  series  of  thin  hor  strata. 
A,  B,  0,  D ;  the  top  line  of  the  lower  one  being  at  least  a 
fbw  ins  above  the  top  of  tlie  opening  n.  It  Is  not  neeessary 
that  theee  straU  shonld  be  of  equal  thickness ;  althongh 
the  thlanar  they  are,  the  more  eorreet  will  the  result  be. 
The  depth  of  the  lover  one,  D,  win  vary  to  some  eztenft 
with  the  hei^t  of  the  opening ;  those  next  above  It  shonld 
not  exceed  about  a  foot  in  thloknese,  nntll  a  depth  c^  6  or  8  feet  is  reached ;  then  they  may  eonve* 
nlently,  and  with  snffloieot  aoonraey,  be  Inereaaed  to  about  1  ft,  fer  •  or  8  ft  n 


\ 


BjiS 


^ 


thleker  as  they  approach  the  surf.    By  aid  of  the  drawings,  ealenlase  the  content  of  each 
la  cub  ft.    Now,  since  the  strau  are  thin,  we  may,  without  serious  error,  assume  each  of 
them  to  be  prismatic,  as  shown  by  tlie  dotted  llnee ;  and  may  assume  that  the  head  under  which  each 
stratum  (except  the  loweet)  emptfes  itself  through  n,  is  equal  to  the  vert  height  from  the  center  of 
r  of  the  stratum.    Thus,  nifi  wlUbe  the  headof  A;  »».  the  headof  B;aifs, 
r  the  stratum  A,  hy  Bule  1,  Art  9,  (only  uslngmw  as  the  head  Instead  of  o«i,) 
02  of  that  rule  (which  can  only  be  used  if  n  Is  in  complete  oontractton)  usin^ 
,64,  or  whatever  other  ooeff  near  the  end  of  Art  11  applies  to  the  case,  ealoalate  the  disch  in  oub  ft 


the  opening  to  the  center  of  the  stratum, 
the  head  of  0.    Then,  for 
and  instead  of  the  coelT 


per  sec.  Dlv  the  content  of  the  stratum  A  by  this  dtsch,  and  the  quct  will  be  the  number  of  sec  reqd 
for  discharging  A.  Using  tbe  head  wn,  proceed  in  precisely  the  same  way  with  the  stratum  B ;  aod 
using  the  head  xfi,  do  the  same  with  0.   Finally,  for  the  lower  stratum  D,  find  by  Bule  1,  Art  9,  (with 


35 


y  Google 


546 


HYDRAULICS. 


The  miller's  Inch. 

The  miner's  inch  is  a  unit  of  rate  of  discbarge  of  water,  largely  used  in  the 
far  western  mining  States.  It  is  expressed  in  terms  of  a  standard  orifice,  usually 
1  iaoh  square  and  vertical,  and  a  standard  head.  The  head  varies  from  abput  8 
to  9  ins,  but  6  ins  is  a  commojilv  accepted  standard.  Under  that  head,  vitli 
coefficient  —  0.62,  the  discharge,  through  an  orifice  1  inch  square,  would  be :  per 
sec,  0.0244  cu  ft  ==  0.183  U.  S.  gals  (of  231  cu  ins) ;  per  min,  1.466  cu  ft  »  ld96 
gals;  per  dav,  2,111  cu  ft  -=  15,790  gals.  Usuallv  the  orifice  is  of  fixed  depth 
and  adjustable  length  (see  Fig.),  and  the  standard  head  is  obtained  and  main- 
tained by  such  ac^ustraent.  The  relation  between  area  and  shape  of  orifice  and 
the  discharge  per  sq  in  of  area  is  indicated  bv  the  following  table:* 

Discharge,  in  cu  it  per  min,  per  square  inch  of  opening,  under  6  ins  head. 
Length  of  opening,  ins.  4  6  8  12  24  100 

1.473         1.480        1.484  1.487        1.490  1.494 

1.450         1.470        1.481  1.491        1.501  1.509 


Opening  2  ins  high. 


Dlactiarge, 
lu  oJ.  ft, 


jOILft. 

IperMc 


i  f  allons 
<per  mla 


per day 


S  4  ft  <  r  9  • 

Uf4.  la  laeliM 

Diagrram  of  discbargre  tbrougli  an  oriflee  1  inch  square. 

The  thickness  of  plank,  in  which  the  orifice  is  cut,  varies  from  1  to  3  ins,  and 
the  lower  edge  of  the  orifice  is  often  chamfered,  flaring  outwardly.  The  bottom 
of  the  orifice  is  sometimes  ilush  with  the  bottom  of  the  box,  but  is  usually  raised 
2  or  3  ins  above  it,  as  in  our  Fig. 


*  Condensed  from  circular  of  Pel  ton  Water  Wheel  Co. 
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Art.  14  (a).  On  tlie  dtoehaive  of  mmtmv  over  w«lm  or  over* 
falls*  The  weSr  affords  a  very  eooTenlent  means  for  gauging  the  dow  of  suiall 
streams,  for  measuriiig  the  quantity  of  water  supplied  to  water-wheels,  eta 

(6>  A  measuring  weir  is  always  arranged  with  its  back,  or  up-stream  side,  a  6, 
Fig.  20,  vertieal,  aud  as  nearly  as  may  be  at  right  angles  to  the  direction  of  flow 
of  the  stream.  The  ends,  a  A,  a  A,  Figs.  '21  and  22,  are  vertical,  and  the  crest  a  a 
is  horisontal. 

(e)  End  contractions.  When  the  weir  a  a  extends  entirely  across  the 
ehannel  of  approach,  as  in  Fig.  21,  so  that  its  ends  a  A,  a  A  coincide  with,  or  form 
portions  of,  the  sides  **  of  the  channel,  contraction  (Art.  »,  p.  641)  takes  place 
only  on  the  lop  and  boUom  of  the  sheet  of  water  passing  over  the  weir,  as  at 
TO  c  and  at  a,  Fig.  20,  and  Is  entirely  "  suppressed  "  at  the  e»d<,  so  that  the  water 
flows  out  as  shown  in  Fig.  21  a.  Such  a  weir  is  called  a  snopresfiea  wclr, 
or  a  weir  wlfebont  end  eontraetion.    But  when,  as  in  Figs.  22  and  22  a» 


Ti».ao  iiftUu  ^"^ 

the  ends  a  A,  a  A  are  at  a  distance  from  the  sides  «  «  of  the  channel  or  reservoir, 
oontraotlon  takes  place  at  the  ends  of  the  weir,  as  shown  at  a  and  a,  as  well  a? 
over  the  crest  Such  contraction  diminishes  the  discharge.  A  weir  of  this  kind 
is  called  a  weir  witii  end  eontraotionn. 

Other  things  being  equal,  the  extent  of  the  contraction,  and  its  efik^t  upon  the 
discharge,  increase  with  the  head  H.  Wtien  the  length  a  a  or  L  of  the  weir  ex- 
ceeds about  10  times  the  head  H,  the  effect  of  the  end  eontraetions  upon  the  dis- 
charge  is  nearly  imperceptible ;  but  as  the  length  diminishes  in  proportion  to 
the  head,  the  effect  of  the  contraction  increases  rapidly.  Mr.  Francis  ( Art.  14  m) 
found  that  when  L  =«  only  4  X  H,  the  discharge  was  reduced  6  per  cent,  by  com- 
plete  end  contractions.  In  view  of  the  uncertainty  as  to  the  effect  of  end  con- 
tractions, it  is  better  to  avoid  them  and  to  use  weirs,  like  Fig.  21,  where  the  con- 
traction is  suppressed ;  but  if  end  contraction  is  permitted  at  all,  it  must  be  made 
complete;*  for  the  coefficients  given  do  not  apply  to  cases  of  Incomplete 
contraction,  i. e.,  with  contraction  only  patUp  suppressed. 

(<!}  In  a  weir  witbont  end  contraction,  care  must  betaken  ihattht 
ttir  has  free  access  to  the  space  (to.  Fig.  20,  or  22  h)  behind  the 
lUling  sheet  of  water.  Otherwise  a  partial  vacuum  forms  there, 
the  sheet  is  drawn  inward  toward  the  weir,  and  the  discharge 
is  gi^eatly  modified.  At  the  same  time,  the  sheet  should  be  pre- 
vented from  expanding  UUeralty  as  it  leaves  the  crest.  Both  of 
these  obieets  may  be  attained  by  prolonging  the  upper  jtortUm 
only  of  both  sides  of  the  channel  a  little  wav  down-stream 
beyond  the  crest  and  the  upper  part  of  the  falling  sheet,  as  In  ^rt*^ 

Fig.  22  h.    Mr.  Francis  found  that  such  projections,  by  confining    I^ff.a^D 
the  sheet  laterally,  diminished  the  discnarge  about  0.4  per  cent. 

(«)  Ordinarily  tbe  crest  Is  "  in  thin  plate  "  or  "  fn  thin  partition  "  (see  foot- 
note tt  p.  541),  so  that  the  sheet  passing  over  the  weir  touches  it  only  at  the  veir 
corner,  a,  Fig.  20.  A  rounded  corner  increases  the  discharge,  as  does  the  rouna- 
ing  of  the  edges  of  an  orifice  (Art.  8,  p.  541),  and  a  crest  sufficiently  wide  to  de- 
flect the  falling  sheet  diminishes  the  discharge  (see  coefficients  for  this  case  in 
Table  16,  p.  654),  but  both  forms  introduce  much  uncertainty,  and  should  there- 
fore be  avoided. 

•  The  contraction  is  said  to  be  "complete''  when  it  Is  practically  as  great  a«  it 
oonld  be  made  by  any  further  Increase  of  tbe  distance  a  s,  Fiirs.  22  and  22  a ;  and  this 
is  believed  to  be  attained  when  a  « is  made  equal  to  the  bead  H. 


Digitized  by 


Google 


548  HTDBAUI^CSi 

(f)  The  lenstli  I<  of  the  erest,  Fig^.  21  to  22  a,  iboaM  be  at  leu«  tte«e 
times  the  head  H,  in  order  to  reduce  the  effect  of  friction  of  the  sides  »•  and 
that  of  end  contractions  where  such  exist.  The  height  p,  Fig.  20,  of  the 
vertical  back  a  6  in  contact  with  the  water  should  be  not  less  than  twice  the 
head  H;  for,  in  order  to  reduce  the  velocity  of  approach  (see  Art.  14  »),  the 
cross-section  of  the  channel  leading  to  the  weir  should  be  large  in  proper* 
tion  to  that  of  the  stream  ac.  The  cross-section  of  the  channel  of  approach 
should  be  as  regtUar  as  possible. 

(a)  The  weir  should  be  stoutly  built,  as  Tlbratlons  of  the  structure  may 
seriously  modify  the  discharge. 

(h)  Theoretically,  the  head  is  the  vertical  distonce  H^  Fis.  24,  from  the 

crest  o  to  a  point  o'  where  the  water  is  perfeeUy  still,  and  the  surfaoe  therefore 
horizontal.  But  in  fact  the  head  is  usually  measured  from  the  crest  a  to  a  point  o 
a  few  feet  back  from  the  weir,  where  the  water  is  only  oompa^ativdy  still,  the 
velocity  of  approach  being  perceptible.  (See  Art.  14,  u.)  The  difference  between 
the  head  H  actually  measured  and  the  head  H'  to  ttUl  water  is  usually  very 
slight.    It  is  greatly  exaggerated  in  the  figure. 

The  correct  measurement  of  the  head  is  a  delicate  matter,  the  dis- 
charge being  increased  or  diminished  about  l\^  per  cent,  by  1  per  cent  of  in- 
crease  or  diminution  of  the  head.  Waves  or  ripples  and  other  disturbances  of 
the  surface,  and  capillary  attraction,  are  the  chief  sources  of  error. 

(i)  To  avoid  the  latter  difficulty,  the  hook-graujre  Is  used  for  measuring 
the  height  of  the  water  surface  in  important  cases.  This  consists  of  a  long  grad- 
uated rod,  provided  at  its  foot  with  an  upturned  hook  or  point,  and  slidins 
vertically  (by  means  of  a  screw  motion)  in  a  fixed  support,  to  which  is  attached 
a  vernier  indicating  on  the  scale  the  heieht  of  the  point.  The  sliding  rod  is 
first  run  down  until  the  point  is  well  below  the  surface,  and  then  gradually 
raised  by  means  of  the  screw  until  the  point  just  reaches  the  surface,  which  is 
indicated  by  the  first  appearance  of  a"j)imple"  in  the  water  surface  imme- 
diately over  the  hook.  Under  favorable  circumstances  a  good  hook-gauge  may 
be  read  within  from  .0002  to  .0005  foot. 

ij)  To  avoid  inaccuracies  due  to  the  distnrbance  of  the  snrfaee  by 

the  current,  by  wind,  etc.,  the  level  is  sometimes  taken  (with  the  hook-gauge  or 
otherwise)  in  a  side  chamber  which  commanioaten  witn  the  main  channel  of 
approach.  The  surface  in  the  chamber  maintains  the  sune  level  as  that  in  the 
channel  itself,  but  is  comparatively  firee  from  disturbance.  Or  a  bucket  com- 
municating with  the  channel  by  means  of  a  pipe,  can  be  made  to  serve  in  the 
same  way.  Either  may  of  course  be  sheltered  ftrom  the  wind.  Caution. 
Me^rs.  Fteley  and  Stearns  found  thi^  when  the  bucket  or  chamber  communicated 
with  the  water  ne^ar  th^  bottom  and  close  behind  the  weir,  the  head  thus  obtained  was 
generally  somewhat  greater  than  that  found  by  measurement  near  the  surface 
and  6  feet  back  from  the  weir.  But  Mr.  Francis  found  the  difference  scarcely 
perceptible. 

(Je)  Oreat  care  is  necessary  in  adJustinuT  the  hook-grangre  for  the 
heigrht  of  the  crest ;  for  any  error  in  this  affects  all  the  subsequent  experi- 
ments. The  hook  is  usually  adjusted  to  the  height  of  the  surface  when  the  latter 
just  reaches  the  level  of  the  crest ;  but  this  method  is  rendered  inaccurate  by 
capillary  attraction  at  the  crest.  A  more  accurate  method  is  to  have,  in  addition 
to  the  hook-gauge,  a  ntout  jfiaeed  hook,  pointing  upward,  the  level  of  which,  rela- 
tively to  that  of  the  crest,  may  be  ascertained  by  means  of  an  engineer's  level, 
holding  the  rod  on  the  crest  and  also  on  the  point  of  the  fixed  hook.  The  water 
surface  is  then  allowed  to  fall  slowly  until  a  '^pimple  "  just  appears  over  the  fixed 
hook.  It  is  then  kept  at  that  level  and  the  hook-oauge  adjusted  accordingly. 
Or  if  the  gauge-hook  is  a  stout  one,  the  levelling  rod  may  be  set  at  once  upon  its 
point  without  having  recourse  to  a  fixed  hook.  It  is  better  to  adiust  the  hook- 
gauge  so  as  to  read  zero  for  the  crest  level,  which  is  thus  made  tne  datum ;  for 
the  reading  of  the  hook-gaage  for  the  water  surface  then  gives  the  head  H  at 
once,  and  without  subtracting  the  height  of  the  crest. 
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(1)  FormoUe  for  w«ir  <ll«eliMrs«» 

Q  «  the  actual  discharge  over  the  weir,  in  cubic  feet  per  second ;  * 

g-v  the  theoretical  discharge  over  the  weir,  in  cubic  feet  per  second , 
»H'  t  =  the  Tcrtical  distance  or  head  a  m,  Fig.  24,  p.  056,  in  feet,*  measured 
Arom  the  crest  a  to  the  horizontal  surface  o'  of  tUU  water  up-stream  trom 
the  weir; 
I<  «  the  length  a  a  of  the  weir,  in  feet,*  Figs.  21  to  22  a ; 
g    -B  the  acceleration  of  gravity  »  say  i{2.2  feet  *  per  second  per  second^ 


^  ,     ^    *  J,    1.  actual  discharge  Q 

»  coemcient  of  discharge  »  theoretical  discharge  °  Q'*' 


-r«. 


*rhen,  tor  the  theoretical  dlseliarye,  we  have 


^'-f  L^y!??H;|, 


8 
and  for  the  actual  dlseharfr^ 

=  |cLHi/57H 


»  m  L  H  v'STH 


Ly^ff»"«,xLHt 


(1) 


See  foot-notoi 


For  tlie  Talute  of  tlie  eoeflleieiit  {c,  m,  or  x  i)  we  have  recourse  to 
experiment,  measuring  the  actual  discharge  and  oompanng  it  with  the  theoret- 
ical one,  as  in  the  following  articles. 

*  The  fonnohe  i4>ply  equally  to  any  system  of  measures,  as  the  Euglish,  the  metric, 
^o.  It  is  requisite  merely  that  the  units,  of  length,  of  time,  etc.,  used,  be  the 
same  throughout    In  metric  measure,  g  =»  9.81  meters  per  second  per  second. 

t  For  OMprnmt  we  suppose  the  head  to  be  measured  to  •MR  water,  so  that  H  «>  H'. 
Hfhen  this  is  not  the  case,  see  "  Velod^  of  Approach,"  Art  14  («),  etc. 

Jit  will  be  noticed  that  the  formulsB  (2),  (3)  and  (4),  with  their  corresponding  ooef- 
ents,  e,  m,  and  x,  are  really  identical,  differing  only  in  form.    The  last  is  the  most 
conyenient  in  practice,  but  aU  are  met  with  in  works  on  hydraulics. 
I  When  water  issues,  under  a  bead  H,  from  a  horiaoHial  orifice  in  the  bottom  of  a 

Teasel,  the  theoretical  velocity  (Art  7,  is  »>  V^9^\  ^'^  ^<*  i^y  ^  regarded 

aa  true  also  for  verUoal  orifices  in  the  iide$  of  vessels,  provided  the  head  H  to  the 


r  of  gravity  of  the  orifice  is  at  least  two  or  three  times  the  Vertical  dimension 
of  the  orifice:  for  in  both  cases  the  theoretical  velocities  through  the  several  parts 


of  the  orifice  may  be  teken  as  ^qvud.  But  when  a  vertical  orifice  is  nearer  to  the  sur- 
Ihce,  or  when  it  rtaekf  to  the  snrCsce  as  in  the  case  of  a  weir,  we  must  take  into  con- 
sideration the  differences  in  the  velocities  with  which  the  water  issues  from  points  at 
different  depths. 

Theoretically,  the  particles  pass  the  oblique  plane  ««',  Fig.  23,  in  horiiontal  lines, 
with  velocities  (-  fTglT''  8.026  |/R)       , 

Eoportional  to  the  square  roots  of  Q  _  .fit' ft 

elr  several  vertical  depths  h  (not  "— * 
indicated  in  fig.)  below  still  water 
•urface  at  o'.  Therefore  if  from,  a  m 
we  'imagine  horizontal  lines  a  a\ 
d  d\  xx^yCffy  etc.,  etc.,  to  be  drawn, 
representing  all  these  velocities  to 
any  scale,  then  the  outer  ends  a', 
d',  v',  o',  etc.,  etc.,  of  these  lines 
will  form,  with  a  m  and  a  a',  a 
parabolic  segment  an\<:^ a\  the  area 
of  which  is : 

.    2  m 

area  »  -  area  of  rectangle  a  n  (see  Parabola,  p.  192)  ™  ~  amy^  aa'  ^ 


Fi«r.28 


2 


and  this  area  in  square  feet,  multiplied  by  the  thickness  of  the  escaping  sheet  of 
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(m)  Mr.  James  B.  Franels*  experimented  at**  the  lower  looks,"  LoweU, 
Mass..  in  1852,  with  weirs  lU  feet  Ions,  5  feet  and  2  feet  high,  under  heads  firom  7 
to  19  inches.    To  apply  his  results,  tne  following  oonditious  must  exist: 

The  head  H,  Fie.  2U,  must  be  between  6  and  24  inches.  The  height  p  of  the 
Tertical  back  of  tne  weir  above  the  bottom  b  of  the  channel  must  be  at  least 
twice  the  head  H.  The  crest  a  must  be  "  in  ihin  partition  "  (foot-note  t  p.  54l), 
and  its  length  L,  Fi^.  21  to  22  a,  must  be  at  leist  3  times  the  head  H.  The  enos 
a  A,  a  h  must  be  vertical,  and,  when  there  is  end  contraction, "  in  thin  partition." 

When  there  is  end  contraction,  Mr.  Francis  first  deducts  from  the  actual  iengUi 
L  of  the  weir  oneterUh^  of  the  head  H  for  each  end  where  contraction  occurs. 
Thus,  if  n  =  the  number  of  end  contractions  (two  in  Fig.  22), 


Q-x(L-nf )  H  ,^-x  (L-n-f  )h*J 

.(L-f)H,^.t..(L-f)H* 


(5) 


In  Fig.  22,  Q  —  2  (  L  • 


But  within  the  limits  specified  above,  the  formula  is  very  approximate  wUhoui 
correction  for  end  contraction,  provided  the  length  L  of  the  weir  is  at  least  10 
times  the  head  H :  and  within  6  per  cent,  of  the  truth  when  L  is  =  4  H.  When 
there  is  no  end  contraction,  of  course  no  such  correction  Is  required,  and  the 

formula  remains  Q  ai2  L  H  yKl  =- aj  L  H*  • 
Hr.  Franeis  giweu  x  =»  8.33  tor  fed',  |  or 
«v«     w  »*»v.  /i     _xi-  number  of       ^  head  H\  ^^  _-i  ^ 

the  mean  of  his  88  experiments  being  3.3318.  The  least  value  of  x  obtained  by 
him  was  3.3002,  or  1  in  112  less  than  3.33;  and  the  greatest  was  3.3617.  or  I  in  ia5 
more  than  3.33.  Hence,  with  x  =»  3.88.  the  formula  will  give  the  discharge  for 
each  of  his  experiments  within  1  per  cent.  In  67  out  of  the  88  experiments 
X  ranged  between  3.32  and  3.35,  and  in  53  between  8.82  and  8.84.  When  x  is  ^.88» 
^  is  ^  0.419,  and  e  is  ==  0.622. 

The  height  of  the  surface  was  measured  six  feet  back  fh>m  the  weir  by  two 
hook-gauges,  one  on  each  side  of  the  channel ;  and  the  mean  of  their  readings 
was  used  in  calculating  the  coefficient  x. 


water,  or  length  L  of  weir,  In  feet,  gives  the  theoretical  discharge  In  cubic  feet  per 
second.    Or 

Q*  -  LX  area  amc' a'  »  L  X  |h  y2fR, 

Hence,  area  a  m  </  aMn  sq.  ft.  represents  the  theoroCioal  disch.  In  cub.  ft.  per  sec  over 

1  ft.  length  of  weir,  under  head  H.  The  theoretical  mean^vef.  through  the  section  a  o'  is 

_,  .        theoretical  discharge  Q'        2  _  _   .^ — _      ,  „       2      -      - 

or  two  thirds  of  the  theoretical  horl- 
z«»BtaI  velocity  a  a'  of  the  partieles 
passing  Immediately  over  the  weir. 
As  in  the  case  of  orific<  s  (Art  % 
p.  541),  the  actual  vel.  at  the  tmaUed 
eecOon  of  the  sheet  after  passing  the 
weir  (corresponding  to  the  ^vena 
contracta")  is  probably  very  nearly 
equal  to  this  theoretical  velocity. 

*  "Lowell     Hydi-aulic     Experi- 
ments," Van  Nostrand,  New  York, 

XT    *,  1^^- 

t  In  Messrs.  Fteley  and  Steams*  experiments  this  figure  was  not  constant  at  O.lflL 
but  varied  between  0.061  and  0.124,  generally  increasing  as  the  head  decreased. 

+  We  here  suppose  the  head  to  be  measured  to  the  surface  of  »tiU  water,  so  that  H 
and  n'  (see  Art  14  A,  p.  548)  are  the  same.    See  Velocity  of  Approach,  Art.  14  (a). 

§  Since  1  meter  =  3.2808  ft,  the  value  of  x  for  metric  measure  corresponding  to  Mr. 
»Tanci8'  3.33,  Is  =  3.33  -«-  |/33gDg"=  3.33  s-  1.8113  =  1.83a  ^  i 
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"abto  18.*  Ditteharve  tn  «nble  feet  per  neeoiiH  for  ea«h  Am»I; 
lengr^b  of  weir  in  tnin  plate  and  without  end  oontraotion,  by  the  Francis 

uula:  Disebari^e,  Q  ==  3.33  L  H^  «  3.33  L  H  i/BT. 

ery  appro:Umate  also  when  there  is  end  contraction,  provided  that  L  is  at 
t  =3  10  H ;  and  but  about  6  per  cent,  in  excess  of  the  truth  if  L  ^s  4  H.  Mr. 
ncis  limits  the  formula  to  heads  H  from  0.5  foot  to  2.0  feet,  but  no  serious 
>r  will  result  from  using  the  table  for  any  of  the  heads  given.  For  weirs 
otbeir  leugr^bs  than  1  foot,  multiply  the  tabular  discharge  by  the  actual 
;th  in  feet    .01  foot  =  0.12  inch  =  scant  y^  inch. 


1.  H, 

Gob.  fL 

HeMl.H, 

Cub  ft. 

H«ul,H. 

Cub.  ft. 

Head,  H, 

Cub.  ft. 

Head.H. 

Cub.  fL 

ft. 

VWMO. 

in  ft. 

per  MO. 

iBffe. 

peratc. 
3.380 

In  ft. 

per  MO. 

ink. 
2.01 

per  MO. 

)1 

0.003 

.51 

T2ir 

1.01 

1.61 

6.179 

9.489 

Yl 

0.009 

.52 

1.249 

1.02 

3.430 

1-52 

6.240 

2.02 

9JJ60 

)3 

0.017 

.53 

1.285 

1.03 

3.481 

1.68 

6.302 

2.03 

9.6:U 

)4 

0.027 

.54 

1.321 

1.04 

3.532 

1.64 

6.364 

2.04 

9.708 

« 

0.037 

«65 

1.858 

1.05 

a583 

1.66 

6.426 

2.05 

9.774 

)6 

0.049 

.56 

1.395 

1.06 

8  634 

1.66 

6.488 

2.06 

9.846 

)7 

0.062 

.57 

1.433 

1.07 

3.686 

1.67 

6.661 

2.07 

9.917 

»8 

0.075 

.58 

1.471 

1.08 

3  737 

1.68 

6.613 

2.08 

9.989 

)9 

0.090 

.59 

1.509 

1.09 

8.790 

1.69 

6.676 

2.09 

10.062 

0 

0.105 

.60 

1.548 

1.10 

3.842 

1.60 

6.789 

2.10 

10.134 

1 

0.121 

.61 

1.586 

1.1 1 

3.894 

1.61 

6.808 

2.11 

10.206 

2 

0.138 

.62 

1.626 

1.12 

3.947 

1.62 

6.866 

2.12 

10.27l» 

3 

0.156 

.6:5 

1.665 

1.13 

4.000 

1.63 

6.980 

2.13 

10.352 

.4 

0.174 

.64 

1.705 

1.14 

4.053 

1.64 

6.994 

2.14 

10.425 

5 

0.193 

.65 

1.745 

1.15 

4.107 

1.65 

7.068 

2.16 

10.498 

6 

0  213 

.66 

1.786 

1.16 

4.160 

1.66 

7.122 

2.16 

10.571 

17 

0.233 

.67 

1.826 

1.17 

4.214 

1.67 

7.187 

2.17 

10.645 

18 

0.254 

.68 

1.867 

1.18 

4.268 

1.68 

7.251 

2.18 

10.718 

19 

0.276 

.69 

1.909 

1.19 

4.323 

1.69 

7.316 

2.19 

10.792 

M) 

0.298 

.70 

1.950 

1.20 

4.877 

1.70 

7.881 

2.20 

10.866 

Jl 

0.320 

.71 

1.992 

1.21 

4.432 

1.71 

7.446 

2.21 

10.940 

S2 

0.344 

.72 

2.0M 

1.22 

4.487 

1.72 

7.512 

2.22 

11.015 

23 

0.367 

.73 

2.077 

1.23 

4.648 

1.73 

7.577 

2.23 

11.089 

24 

0.302 

.74 

2.120 

1.24 

4.598 

1.74 

7.648 

2.24 

11.164 

25 

0.416 

.75 

2.163 

1.25 

4.654 

1.76 

7.709 

2.25 

11.289 

26 

0.441 

.76 

2.206 

1J6 

4.710 

1.76 

7.775 

2.26 

11.814 

27 

0.467 

.77 

2.20O 

1.27 

4.766 

1.77 

7  842 

2.27 

11.889 

28 

0.403 

.78 

2.294 

1.28 

4.822 

1.78 

7.908 

2.28 

11.464 

29 

0.520 

.79 

2.338 

1.29 

4.879 

1.79 

7.975 

2.29 

11.540 

JO 

0.547 

.80 

2.38:5 

1.30 

4.986 

1.80 

8.042 

2.80 

11.615 

U 

aS76 

.81 

2.428 

1.31 

4.993 

1.81 

8.109 

2.81 

11.691 

J2 

0.603 

.82 

2.473 

1.32 

6.030 

1.82 

8476 

2.82 

11.767 

53 

0.631 

.83 

2.518 

1.33 

6.108 

1.83 

8.244 

2.33 

11.843 

i4 

0.660 

.84 

2.564 

1.34 

6.165 

1.84 

8.811 

2.34 

11.920 

55 

0.690 

.85 

2.610 

1.35 

6J223 

1.86 

a879 

2.86 

11.996 

56 

0.719 

.86 

2.656 

1.36 

6.281 

1.86 

8.447 

2.86 

12.078 

57 

0.749 

.87 

2.702 

1.37 

5.340 

1.87 

8.616 

2.37 

12.160 

58 

0.780 

.88 

2.749 

1.38 

6.398 

1.88 

8.584 

2.38 

12.227 
12.364 

59 

0.811 

.89 

2.796 

1.89 

6.467 

1.89 

8.662 

2.89 

iO 

0.842 

.90 

2.843 

1.40 

5.516 

1.90 

8.721 

2.40 

12.381 

11 

0.874 

.91 

2.891 

1.41 

6.675 

1.91 

8.790 

2.41 

12.4f)9 

42 

0.906 

.92 

2.939 

1.42 

5.685 

1.92 

8.869 

2.42 

12.536 

13 

0:939 

.93 

2.987 

1.43 

5.694 

1.93 

8.929 

2.48 

12.614 

44 

0.972 

.94 

3.035 

1.44 

6.754 

1.94 

8.998 

2.44 

12.692 

15 

1.005 

.95 

3.083 

1.45 

5.814 

1.95 

9.068 

2.45 

12.770 

16 

1.039 

.96 

3.132 

1.46 

6.875 

1.96 

9.138 

2.46 

12.848 

47 

1.073 

.97 

3.181 

1.47 

5.935 

1.97 

9.208 

2.47 

12.927 

48 

1.107 

.98 

3.231 

1.48 

6.996 

1.98 

9.278 

2.48 

13.005 

49 

1.142 

.99 

8.280 

1.49 

6.057 

1.99 

9.348 

2.49 

13.084 

50 

1.177 

1.00 

8.330 

1.60 

6.118 

2.00 

9.419 

2.60 

13.163 

Table  13  is  an  extension  of  the  "  original "  table  published  in  our  first  edition, 
2.  Most  of  the  values  now  given  are  taken,  by  permission,  from  a  table  publishea 
Messrs.  A.  W.  Hunklng  and  Frank  S  Hart,  of  Lowell,  Ma«i|^|j^B(§rQ^M.[^ 
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(n)  HeMrs.  A*  Fteley  »nd  F.  P.  Steams  *  experimented  at  Boston, 

Mass.,  in  1877-79,  upon  weirs  5  feet  and  19  feet  long,  3  feet  2  inobes  and  tf  feet  6^ 
ioches  higli,  and  under  heads  from  0.8  inch  to  19  inches.  For  weirs  in  thin  par- 
tition and  without  end  contraction,  with  a  rectangular  and  uniform  channel  of 
approach  and  under  heads  greater  than  0.07  foot  or  0.84  inch  (other  condition« 
as  specified  in  (6)  and  (cf;),  their  formula  is: 


Discbarire,  Q  =  3.31  L  h5  +  0.007  L  \  .  ,^. 

ft  •  .  .   {P)' 


=  0.4125  L  H  VTffll  +  0.007  L 
In  their  experiments,  the  heads  were  measured  six  feet  back  from  the  weir. 
The  total  variation  in  the  values  of  the  coefficients  obtained  was  about  23^per 
cent.    Compare  foot-note  ^  below. 

(o)  M.  Bazint  experimented  at  Dijon,  France,  in  1886-88,  with  weirs  from 
t^  about  11^ to  61^  feet  long,  from  about  9  inches  to  3  feet  9  inches 

g  high,  and  under  heads  trom  2^  to  21  inches.    The  top  of  the 

^1 — ,  weir  is  sbowu  in  Fig.  23  a.    The  weirs  were  placed  at  different 

m     I  points  in  a  rectangular  and  regular  canal  700  feet   long, 

Wi     !  smoothly  lined  with  cement.    Compare  foot-note  §  below. 

While  Mr.  Francis  and  Messrs.  Iteley  and  Stearns  provide 
for  the  effect  of  velocity  of  approach  (see  Art.  14  w  and  f  hj 
modifying  the  measured  head  H,  M.  Bazin  includes  it  in  the 
cofficient  m  in  the  formula  Q  =  m  L  H  }f2gli.  After  compar* 
ing  his  experiments  with  those  of  Messrs.-  Fteley  and  Stearns, 
S(Art.  14  «  and  v),  he  gives,  for  m,  in  cases  where  there  is  no 
'velocity  ol  approach,  the  values  M  in  the  last  column  of  Tabl« 
14,  or,  very  approximately, 
S  /ISo  velocity  of  approach, \  -,      a^-   .  0-00^ 

■    *  \      H  and  H' identical      j»l-"-*^+     H* 

1  .^  When  velocity  of  approach  is  to  be  taken  into  account: 

Flg.aSo.  m  =  Mri+0.58(=S^f] (7); 

Measurements  L  \-t«  -t-p/   j 

in  meters.        where  H  is  the  head  actually  measured  to  running  water. 

and  p  is  the  height  a  5  of  the  weir,  Fig.  20.    H  and  y  must  of 

course  both  be  measured  in  the  same  unit,  as  both  in  meters,  or  both  in  feet,  etc. 

M.  Bazin  believes  that  except  in  the  case  of  verv  low  weirs  (which  should  be 
avoided)  the  values  of  m  given  by  formula  (7)  and  in  Table  14  calculated  f^m 
it,  will  be  found  within  1  per  cent,  of  the  truth  for  weirs  in  thin  partition  and 
without  end  contraction,  if  the  conditions  of  his  experiments  are  exactly  repro- 
duced, and  provided  especially  that  the  sheet  of  water  is  not  allowed  to  expand 
laterally  after  passing  the  crest  (Art.  14  {d))  and  that  the  air  has  flree  access  to 


the  space  w.  Fig.  20,  behind  the  falling  sheet  of  water. 

For  heads  between  4  inches  and  1  foot,  M.  Bazin  gives,  as  saflleleiitl y  ap« 
proximate, 

when  there  is  no  velocity  of  approach,  M  »  0.425,g 

(H    \2 
=-— j. 

*  Transactions^  American  Society  of  Oivil  Engineers,  Jan.,  Feb.  and  March,  1883. 

f  See  correction  for  Velocity  of  Approach,  Art  14  (u). 

X  Experiences  nouvellee  sur  Tdcoulement  en  dSversoir.  Extralt  dee  Annales  dee 
Ponts  et  Chau8s6e8,  Oct.,  1888.  Paris,  Vve  Ch.  I>unod,  1888.  Translation  by  A. 
Marichal  and  John  C.  Trautwine,  Jr.,  presented  to  Engineers*  Club  of  Philadelphia, 
in  1889,  for  publication  in  its  Proceedings. 

§  This  would  make  x  'm  3.41  (since  x^m^2g  =s  8.025  m);  whereas  Mr.  Francis 
gives  »  =  3.33,  which  agrees  very  well  with  Messrs.  Fteley  and  Steams,  within  the 
limits  of  Art.  14  {in).  Tet  M.  Bazin  measured  the  bead  16  feet  back  from  the 
weir,  while  the  oliier  experimenters  measured  it  only  6  feet  back,  and  the  slight 
increase  of  head  thus  obtained  by  M.  Bazin  would  of  itself  have  made  his  coefRoient 
Unoer  than  theirs.  Its  excess  may  be  largely  due  to  the  character  of  the  channel  of 
approach,  which  In  his  case  was  from  50  to  700  feet  long,  rectangular  and  regular  in 
cross-section,  and  smoothly  coated  with  cement.  In  the  other  experiments  it  wat 
much  Jess  re^lar. 


y  Google 
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Table  14.    Tallies  of  ■!,  in  the  foramla 

Q-»»LH>/JJI1  ...  or 
IMscharse,    «  „  y  length,  in  ft.  X  meas'd  head  H,  ft*  X  |/2  g  H,  ft; 


in  cub.  ft.  per  sec. 
by  M.  Barin'8  formula  (7) :  m  =  M  f  Fl  +  0.55 


r    H    \2 


oolonm  of  table.    Or,  very  approximately,  M  >=  0.405  + 


For  M,  see  last 


0003 


Note.  The  coefficient  m,  for  any  given  Mee,  Mtoaine  the  8am«  for  Knglish, 
metric  or  other  measure ;  provided  the  head,  the  lenxth  and  g  are  all  meaaured 
in  the  same  unit,  and  the  discharge  in  the  cube  of  that  unit ;  for  m  is  simply 
2  2^  actual  discharge 

8  ^^  ^  s"        theoretical  discharge  * 

It  win  be  noticed  that  below  the  heavy  lines  the  head  H  is  greater  than 
^  height  p,  and  thus  exceeds  the  limit  laid  down  In  (f )  and  (m). 


B<itdH,Fiff.S4.p.66«. 


.05 
.06 
.07 


.10 

.la 

.14 

.It 

.18 

.90 
.t% 

J4 

.M 
.18 

.80 
.82 
.84 


.50 
.53 
.54 
.66 


approximate 


feet. 

loebe*. 

.164 
.197 
.180 
.161 
.395 

1.97 
2.36 
1.76 
8.15 
83t 

.838 

8.94 

.804 
.450 

4.72 
5.51 

325 
.691 

6.30 
7.09 

.666 

7.87 

.721 

.787 

8.06 
9.45 

J53 
.919 

10.24 
11.02 

.964 

11.81 

1.050 
1.116 
1.181 
1.147 

12.60 
13..'W 
14.17 
14.96 

1.312 

15.75 

1.878 
1.444 
1.509 
1.675 

16.54 
17  Jit 
18.21 
18.90 

1.640 

19.69 

1.706 
1.772 
1.8S7 
1.908 
1.969 

10.47 
21.26 
32.06 

Hetcht,  p,  Tig.  10,  of  crett  oC  weir  atove  bed  of  ap-ttream  ohaoiMl. 


i 

meter*  0.10     0.80     0.40     0.60     %M    0.80     1.00     1.50     liW 

""' 

feH      0.666   0.964   1.811   1.640    1.969   2.624  8.180   4.920  6.660 

.8 

i 

liicbe«7.87   11.81    15.T5    lt.69   18.6t   81.50  89.88   60.07     T8.76 

-s 

.458  .45.H  .451  .460  .449  .449  .449  .448  .448  .4481 

.456  .450  .447  .445  .445  .444  .4a  .448  .448  .4437 

.455  .448  .445  .448  .442  .441  .440  .440  .439  .4891 

.456  .447  443  .441  .440  .488  .488  .487  Jf7  .4868 

.457  .447  .441  .440  .438  .486  .486  .485  .484  .4340 


.447   .441  .439  .437  .485 

.448   .442  .438  .436  .4.<<3 

.443  .438  .435  .432 

A  .488  .435  .431 

.445  .489  .489  ~ 


,432  .480 

,430  .438 

.429  .417 

.428  .436 


.478  . 

.478  .462  .452 

.481  .464  .454  .446 

.488  .467  .466  .448 


.433  .4811 

.430  4191 

.428  .4267 

.416  .4146 

.415  .419 

.428  .4116 

.421  .4308 

.411  .4194 

.418  .4187 

.411  .4181 


.411  .4161 
411  .4156 
,411  .4166 


.489  .472  Am     .451   .440  .438  .434  .421  .4144 


.491  .474  .461  .453^57 
.494  .476  .463  .454  .442 
.406  .478  .466  .456  .443 
.480  .467  .407  .444 


.482  .468 

.4ft8  .470 

.4«5  .472 

.487  .478   .463 

.489  .476 

.490  .476 


.459  .445  .a7 
446 


.434  .425  .421  .4139 

.485  .«2B  .421  .4134 

•435  .425  .421  .4128 

.436  425  .411  4112 


.426  .411  .4118 
.436  .421  .4111 


.447   .4381  .436  .411  .4107 


.427  .421  .4101 
.427  .411  .4096 
.427  .421  .4091 


Owing  to  the  wide  range  of  the  iiead  H  and  of  the  height  p  in  theee  experi- 
ments, we  find  in  them  a  wider  dlvergcence  in  the  values  of  the  coefficient 
than  resulted  from  the  earlier  investigations.  Thus,  the  smallest  value  of  m 
above  the  heavy  lines  is  0.4092.  or  about  one  nineteenth  lest  than  the  mean, 
0.4825;  and  the  greatest  is  0.459,  or  about  one  sixteenth  more  than  0.4325. 

*  In  these  experiments,  the  head  H  was  measured  at  a  point  5  meters  (1H.4  ft )  l>ack 
from  the  weir.    The  correction  for  velocity  of  ftpproach  is  contained  in  the  coefficient  m. 

t  M  is  the  value  of  m  when  there  is  no  velocity  of  approach ;  t.  e^  where  the  cross- 
section  of  the  channel  of  approach  is  indefinitely  great  compared  with  that  of  the 
•tream  of  water  passing  over  the  weir.  ^  , 
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(p)  From  a  comparison  of  a  number  of  expeximental  dat*,  tli«  aaUi«v 
deduced  the  following 
Table  15.    Approximate  values  of  tlie  eoefllcleiit  m  iu  the 

formula:  ^ 

for  weirs  of  several  different  shapes  and  thicknesses.    (Original.) 


s  A.  thick: 

Head,  H. 

Sharp  Bdfft.* 

tlnehet 

tbUk, 

iog  oatward 
and  downward, 

3  ft.  thiok ; 

Feet. 

Inches. 

from  1  In  IS  to 

linlS. 

■n 

m 

in 

m 

J0683 

.41 

.87 

.82 

.27 

J0«6 

.40 

J88 

.84 

.30 

.25 

.40 

.89 

.84 

.81 

JS3SS 

.40 

.41 

.85 

.81 

.4166 

.40 

.41 

.85 

.82 

.5 

J» 

w41 

.85 

.33 

M83 

.89 

.41 

.85 

012 

.6666 

M 

.41 

.84 

.31 

.8838 

10 

.88 

.40 

.34 

.31 

1. 

12 

.88 

.40 

.83 

.31 

2. 

24 

.87 

.89 

.32 

.30 

8.                        86          1 

.37 

.39 

.32 

.30 

(9)  To  And  the  head  H,  approximatelj ;  having  the  discharge  (^ 
According  to  formula  (3)  and  (4),  Art.  14  C 


Hence 


1(0. 

(8) 


\'to«  L«  2  y       Van:; 


Head,  H, 

approximately ' 


*  legnare  of  discharge  of  stream,  in  cub,  ft.  per  sec. 
\  m*  ^  length*  X  64.4 


•■^. 


of  discharge^ 


x«  X  length* 

The  coefficient  m  or  x  itself  varies  somewhat  with  the  head ;  but  the  formula 
mav  be  usefully  employed  as  an  approximation  by  taking,  for  sharp-crested 
weirs,  m  —  0.415  (m«  =  0.172)  or  x  =  3.33  (x«  =«  11).  For  other  shapes,  see  Table 
15,  above. 

(r)  Submersed  weirs.  Fig.  23  b,  are  those  In  which  the  surface  of  the 
dotm-stream  water  at  A,  after  the  construction 
of  the  weir,  is  higher  th%n  the  crest  a. 

In  a  weir  discharging  ftreely  into  the  air,  as 
in  Fig.  20,  Mr.  Francis  found  that  with  a  head 
of  1  foot  the  discharge  was  diminished  only 
about  one  thousandth  part  by  placing  a  solid 
horizontal  floor  about  6  inobes  below  and  in 
front  of  the  crest  of  the  weir  for  the  water  to 
fall  upon.  Also,  when  the  head  was  10  inches,  and  the  water  fell  freely  through 
the  air  into  water  of  considerable  depth  (as  in  Fig.  20),  the  quantity  discharged 
was  the  same  whether  the  surface  of  the  downstream  water  was  about  3  inches 
or  about  13  inches  below  the  crest  a. 

In  experiments  by  Mr.  Francis  and  by  Messrs.  Fteley  and  Steams,  with  air 
freely  admitted  underneath  the  falling  sheet  of  water  just  below  the  crest  a^he 
discharge  was  not  appreciablv  affected  by  a  submergence  of  A  =  from  0.017  H  to 
0.023  H.  When  air  was  only'partially  admitted,  the  discharge  was  affected  («•• 
created)  by  less  than  one  per  cent,  while  h  remained  less  than  0.15  U. 


Fi4:.23l> 


*  These  values  are  lower  than  those  gJven  in  Art.  14  (m)  and  (n),  and  much  lowei 

than  those  In  (o).  r"r^r^^rl^ 
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Nibaat^  0»nnala  fmr  snbiiierired  wetrs.    Lei 

and  A  =  the  heads  measured  vertically  from  the  crest  a  of  the  weir  to  the 
surface  of  still  water*  up-stream  and  down-stream  from  the  weir, 
respectirelf. 

:H— As  their  difference  =  the  difFbrence  in  level  between  the  up-stream 
and  down-stream  surfaces  of  still-water  ;* 


hen 


ual 
icub. 


».  .     .    -  ,,    ,  actual  discharge 

» coefficient  of  discharge  ■•  rr r,— tj«~u    -  • 

^        theoretical  discharge 

<1-cl(a-|-|  d)  VTglif (9)  or: 

dlsehargre  .  ^  X  >«?«il»of  x  8.025  f^HElLx  (hiu  ft. -^^  din  tu). 
t>.  ft.  per  sec.  weir  in  ft.  '  \  8  / 

0  Messrs.  Fteley  aad  Steams  t  experimented  at  Boston  in  1877  with 

bmeived  weirs  under  upstream  heads  H  flrom  about 4  to  10  inches;  and 

*.  Francis  g  at  Lowell  in  1888  under  heads  fh>m  about  1  foot  to  2  feet  4 

hes. 

rom  these  experiments  we  deduce  the  following 

'able  16,  of  approximate  values  of  the  eoefltelent  •  In  the  formula  for 

charge  over  sabmeric^^l  weirs* 

Q-eL(jk-f|rf)FT^-dt 

deduced  firom  experiments  by  Fteley  and  Steams  and  by  J.  B.  Francis.  In 
.  Francis'  experiments,  the  value  of  e  for  a  given  value  of  A  •«-  H  generally 
reased  as  H  uoreaeed. 


Fteley  and  Steams. 

J.B.FraDels. 

(H  -  0.825  to  0.816  feet) 

(H-«lto2J2fe«t) 

A-i-H 

e 

c 

M 

J23  to  .682 

JO 

.025  to  .635 

.620  to  .680 

ao 

.618  to  .628 

.610  to  .625  . 

JO 

.600  to  .610 

.698  to  .615 

.40 

J90  to  -600 

JBS»  to  .610 

JSO 

JS85  to  .595 

.685  to  .607 

M 

JI88  to  US98 

.685  to  .607 

.70 

J»0  to  .590 

.685  to  ^607 

JBO 

Mi  to  .691 

.585  to  .607 

.90 

.690  to  .600 

.95 

.610  to  .616 

For  velocity  of  approach,  see  Art  14  (u)  etc. 

In  deducing  this  formula,  the  water  that  passes  over  the  weAr  between  e  and  h  is 
imed  to  flow  as  over  a  weir  with  its  crest  at  6,  and  with  tree  discharge  into  the  air, 
ver  the  creet  a  in  Fig.  20;  and  for  this  portion,  by  formula  (2)  in  Art  14  (/),  the 
harge  would  be: 


2        , 

Q|  — cL-d  V2gd; 


le  the  water  that  passes  through  .the  lower  portion  between  h  and  a  is  regarded  as 
ing  through  a  submerged  vertical  orifioe  whose  height  isha  =»  h,  under  a  head 
!.     For  this  lower  portion,  therefore,  the  discharge  would  be : 

Q^  ai  c  L  A  ^2gd, 
.  is  assumed  that  the  oosfflcient  of  discharge  c  is  the  same  for  the  upper  section 
18  for  the  lower  one  a  b.    Hence,  adding  thess  two  discharges  together,  we  obtain, 
the  entire  diaharge: 

Q  -  Qj  +  Q«  =  cL  (»  +  3  d)  v^Jy-rf. 

TTvnsactions,  American  Society  of  Civil  Enfrineers,  March,  1883,  p.  101,  etc. 
rnmsactions,  American  Society  of  QvU  Engineers.  Sept..  18WU  p^J^^J^ 
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(t)  Mr.  ClemeiMi  Herseliel,*  oomparing  tli«8e  experiments  with  Mme 

earlier  ones  by  Mr.  Francis,  gives  the  fullowing : 

Having  ascertained  the  depths  H  and  h  of  the  crest  below  the  still- water  levels 
up-stream  and  down-stream  respectively,  divide  A  "^  H.  Find  the  quotient,  as 
nearly  as  may  be,  in  the  column  headed  A-i-  U  in  Table  17.  Take  out  the  cor- 
lespondine  coefficient  a,  and  multiply  it  by  the  up-stream  head  H.f 

Ihe  product  a  H  is  the  head  which  would  cause  the  given  weir  to  discharge 
the  same  quantity  freely  into  the  air.zs  in  Fig.  20.  Find  the  discharge  into  air 
over  the  given  weir  with  the  head  oH ;  and  tms  discharge  will  be  approximately 
the  same  as  that  of  the  actual  submerged  weir  under  the  up-stream  nead  H  and 
against  the  down-stream  head  A ;  or  (H  being  the  actual  up-stream  head  on  the 
twmerged  weir)  the  discharge  is 

Q=mLaH|/2^oH  — X  haRyaW.  .....    (10). 

TABIi£  17. 


A-i-H 

a 

A-i-H 

a 

A^-H 

a 

.10 

1.000  to  1.010 

.45 

0.894  to  0.930 

.72 

0.762  to  0.784 

.20 

0.975  to  0.99ft 

.60 

0.874  to  0.910 

.74 

0.747  to  0.769 

J25 

0.960  to  0.984 

.55 

0.858  to  0.889 

.7« 

0.782  to  0.762 

.SO 

0.945  to  0.973 

.60 

0.829  to  0.868 

.78 

0.713  to  0.738 

.35 

0.928  to  0.960 

.66 

0.803  to  0.888 

.80 

0.693  to  0.718 

.40 

0.912  to  0.946 

.70 

0.775  to  0.799 

(u)  Telocity  of  approach.    See  Fig.  24.    It  is  generally  impraotioable 

to  measure  the  head  H'  to  perfectly  stttl 
water  o'  up-stream.  The  head  is  usually 
measured  at  a  point  o,  from  2  or  3  to  6  or 
8  feet  or  more  up-stream  from  the  weir, 
according  to  the  size  of  the  latter.  At 
such  points  the  velocity  is  generally  ap- 

f>reciable,  and  the  surface  therefore  a 
ittle  lower  than  at  o'.  Heuee  a  formula 
using  the  smaller  head  H  so  measured, 
inetead  of  H',  and  coefficients  based  upon 
H',  will  give  too  small  a  discharge.  Mr. 
Francis  found  that  a  current  of  1  foot 
per  8eo(»idt  or  nearlv  0.7  mile  per  hour, 
at  the  point  o  to  wnich  the  head  waa 
measured,  increased  the  discharge  but  about  2  per  cent,  when  the  head  was 
18  inches ;  and  a  current  of  6  inches  per  second  increased  the  discharge  about  1 
per  cent,  when  the  head  was  8  inches. 

If,  however,  the  velocity  of  approach  is  such  as  to  require  consideration,  pro- 
eeed  as  follows :  For  the  approximate  mean  velocity  of  approach,  we  have : 


^*«-2*     \^,J9?mm^ 


3.33  L 


Hi 


approximate  discharge ^ 

""  area  of  entire  cross  section  of  stream  at  o         area  at  o    ' 

•Dd,  for  the  head  due  to  this  velocity,  A  «  _ 

Then,  for  all  practical  purposes,  we  may  say :  H'  =  H  -f-  A ;  or 

(^  «»  m  L  (H  -I-  A)  yigCRVh)  ^xh(R  +  h)i (11) 

although,  strictly  speaking,  the  dUTerence  of  level  between  (/  and  o  la  reallf 
(as  shown  in  Fig.  24)  somewhat  greater  than  A,  or  than  v*  -i-2g,  because  some 
head  is  lost  in  friction  between  </  and  o. 


*  Transactions,  American  Society  of  Olvll  Engineers,  May,  1885,  pp.  189,  etc 
t  Mr.  Herschers  table,  from  which  ours  is  condensed,  gives  a  for  every  0.01  foot  of 
A  -^  H ;  but  the  values  of  a  intermediate  of  those  we  have  selected  may  be  taken  from 
our  table  almost  exactly  by  simple  proportion.  The  range  in  the  coefficient  a  in  the 
table  for  each  value  of  A  -i-  H  is  that  indicated  by  the  experiments,  which  varied 
similarly.  We  are  not  instructed  how  to  select  between  these  extremes;  but  in 
most  cases  their  mean  value  is  probably  nearest  right.  ^^  i 
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0  Messrs.  Fteley  and  Steams  make  H'  =»  H  + 1-6  A  for  suppressed 
rs,  and  H'  =  H  +  2.06  h  fbr  weirs  with  complete  end  contractions,  as  averages ; 

Mr.  Hamilton  Smith,  Jr.,*  after  comparing  their  experiments  with  others 
Lesbros,  Castel  and  Mr.  Francis,  gives  H'  =  H  +  IJ^  A,  and  H'  =  H  +  1.4  ^,  for 
two  cases  respectively. 

v)  On  the  other  hand,  Mr.  Francis*  formula,  as  modified  for  velocity  of 
roach,  * 

=  «  Lf  MH  +  A)*^VW)  =-  m  Lt  j'-i^d/CH  +  A)»-|/E»)  J   .  .  .    (12), 
£68  the  effect  of  Wless  than  that  of  H  +  A. 

;)  Messrs.  A.  W.  Hanking  and  Frank  S.  Mart,  Civil  and  Hy- 
ulic  Engineers,  have  substituted  for  the  expression  (|/(H  +  A)*  —  fUJ^)  in 
uula  (12),  the  equivalent  one  K  y'H^  in  which  K  is  a  coetficient  deduced  from 
former  expression,  and  therefore  depending  upon  the  relation  between  H 

A,  or,  ultimately,  upon  that  between  the  cross-section  a  s  Fig.  24  at  the  weir 
.  the  entire  cross-section  of  the  stream  at  o. 

Laving  found  the  area  of  cross-section  at  o,  divide  it  by  (l^~'*  ^  )»  ^hich 

he  length  of  the  weir  corrected  for  contraction.  See  Art.  14  (m).  Call  the 
tient  D.g    Divide  the  measured  head  H  by  D.    Find  this  last  quotient  in 

column  ~  of  the  table.     Multiply  the  approximate  discharge,  Q  «*>  8.33 


-  n  -  j  Ht,by  the  corresponding  coefficient  K ;  or 
Actual  Biscliarve  Q  =>  3.H3  K  ^L  —  »  ^  ^  hI. 
'able  18.    Coefficient  K  In  formnla  (18). 


(13) 


K 

H 
D 

K 

H 
D 

K 

H 
D 

K 

H 

D 

K 

1 

1.0000 

.09 

1.0020 

.17 

1.0072 

.24 

1.0143 

.31 

1.0289 

2 

1.0001 

.10 

1.0025 

.18 

1.0081 

.25 

1.0155 

.32 

1.0254 

3 

1.0002 

.11 

1.0080 

.19 

1.0090 

.26 

1U)168 

.88 

1.0271 

4 

1.0004 

.12 

1.0036 

.20 

1.0100 

.27 

1.0181 

.34 

1.0287 

5 

1.0006 

.13 

1.0042 

.21 

1.0110 

.28 

1.0195 

.86 

1.0305 

6 

1.0009 

.14 

1.0049 

.22 

1.0121 

.29 

1.0200 

.36 

1.0322 

7 

1.0012 

.16 

1.006« 

.2« 

1.0182 

.80 

l.OiM 

.87 

1.0M1 

« 

I.OOIS 

ae 

1.0064 

"  HydrauUcs,"  John  Wiley  Sc  Sons,  New  York,  1886. 

If  there  are  end  contraotiona,  L  here  beoomeet  L  —  *  TfT  )  • 


See  Art  14  (m). 


This  formnla  is  deduced  as  follows :  Let  the  area  of  the  parabolic  segment  a  «  a\ 
;.  24,  represent  the  theoretical  discharge  over  a  weir  one  foot  long  (as  explained  in 
t-note  §  p.  549)  under  the  measured  head  H  =s  a  «,  as  though  there  were  no  current 
7.  Let  m$  =  h  =  v*-i-2g.  The  theoretical  velocities  of  the  particles  passing  the 
ique  plane  o  a  under  their  actual  heads,  will  now  be  represented  by  horizontal  lines 
',  a  af\  etc.,  etc.,  dravm  from  every  point  in  «  a  to  the  outer  curve  $"  a" ;  the  line  «  «" 
•resenting  v  =  velocity  of  approadi  =  figh,  and  a  a"  representing  }(2  g  {U  +h). 
en,  area  a  •"  o"  a 

2  t 

area  maf'  a  —  area  tnt^'  »*=  —  area  of  rectangle  an  —  -r-  area  of  rectangle  a  h 

3  S 

|(h  -f  *)  ,/2g(H+A)-|*  A7^,  =■  I  V'^  (»^(Hirxj.  -  vV)  ; 

d  the  actual  discharge  is 

=  0  X  length  of  weir  X  area  «•"  a"a  =  o L y  >^  / ^^(H  +  *)•  —  yTP) 

m  L  v'sy  (}/(ffTi^ -^  ^)  =  « I- ( »^(Hi:~»y*  -  >^)  • 

g  In  a  weir  without  end  contraction,  P  =  H  -i-  p. 


y  Google 


558 


HYDRAULICS. 


K  ia  very  approximately  =■  ^  +  V  (  ~jf>" )  *    Heno© 


(M) 


See  Journal  of  the  Franklin  Institute,  Philadelphia,  August,  1884,  from  which 
we  condense  the  above  table. 
(y)  M.  Bazin,  see  Art.  14  (o),  provides  for  the  velocity  of  approach  by  modi- 

(H  .  • 
D  )  ' 
while  by  Messrs.  Hunking  and  Hart's  method  (based  upon  Mr.  Francis'  experi- 
ments) m  becomes  =  0.415  +  0.10  (  w  )  • 

Art.  15.  Inclined  weirs.  If  the  up-stream  face  of  the  weir,  instead 
of  being  vertical,  as  in  Fig.  25,  is  inclined  up-stream,  as  in  Fig.  25  a,  or  down- 
stream, as  in  Fig.  256,  the  character  and  amount  of  the  discharge  are  modified. 
With  an  up-stream  inclination  (Fig.  25a)  the  lower  side  of  the  sheet  of  water 
passing  over  the  weir  leaps  higher,  and  tends  more  and  more  up-stream  as  the 


Fig.  25  a. 
Inclined  np-stream. 


Fig.  256. 
iBcllned  down-streaiH. 


inclination  is  increased.  With  a  down-stream  inclination  (Fis.  25  6),  on  the  con- 
trary, as  the  inclination  increases  the  upward  leap  of  the  sheet  decreases,  its 
Srofile  becomes  more  and  more  flattened,  and  the  curve  of  the  upper  surface, 
ue  to  the  fall,  extends  farther  up-stream  from  the  crest  of  the  weir. 
An  up-stream  inclination  (Fig.  25  a)  decreases,  and  a  down-stream  one  (Fig. 
25  b)  increases,  the  discharge,  as  is  indicated  by  the  following  coefficients  ob- 
tained by  M.  H.  Bazin  :* 

For  tne  disetaarfire  over  an  Inellned  weir,  having  ascertained  the 
discharge  over  a  vertical  weir  of  the  same  height  and  head  and  under  similar 
tonditions  in  other  respects,  multiply  the  discbarge  over  the  vertical  weir  by 
(he  following  approximate  coefficients: 


Inclination. 

Angle 

Goef- 

Horizontal. 

Vertical. 

with  hor. 

with  vert 

fldent. 

1 

460 

450 

0.93 

Weirs    Inclined  up- 
stream. Fig.  25  a.... 

f 
i 

66°  ly 
710  34' 

83°  41' 
ISO  26' 

0.94 
0.96 

Vertical  weirs.  Fig  25... 

0 

90® 

QO 

1.00 

* 

•    1 

71°  34' 

18°  26' 

1.04 

Weirs  inclined  down- 
stream. Fig.  256..... 

i 
1 

660  19' 
460 

83°  41' 
460 

1.07 
1.10 

2 

26°  84' 

63°  26' 

1.12 

*  "  Experiences  Nouvelles  sur  I'^coulement  en  Dfiversoir,"  2e  Article ;  •*  Annates 
des  Fonts  et  Ghaussdes,"  January,  1890,  translated  in  Proceeding$,  Bngineen^  Club  of 
Pbilad^hia,  vol.  ix^  1892.  ^  r 
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rh«  diaehuM  will  be  inoreosed  also  if  tke  inner  comer  or  edge  of  tbe  erest 
rounded  off|^ instead  of  being  left  sharp;  or  if  the  sides  of  the  reservoir  oon- 
rge  more  or  less  as  they  approach  the  weir,  so  as  to  form  wings  for  ffuiding 
e  water  more  directly  to  it :  or  if  a  b,  Fig  20,  be  less  than  twice  a  m.  Indeed, 
many  modifying  circumstances  exist  to  embarrass  experiments  on  this  and 
ailar  subjects  that  some  of  those  wtiich  have  been  made  with  great  care  are 
ndered  inapplicable  as  other  than  tolerable  approximations,  in  consequence 
the  neglect  to  take  into  eoasideration  some  local  peculiarity  which  was  not 
the  time  regarded  as  exerting  an  appreciable  effect.  Unless,  therefore,  cir- 
Distances  admit  of  oar  eombining  all  the  conditions  mentioned  in  Art.  14  ((i), 
)  and  (m),  pp.  047,  548  and  090,  thereby  securing  very  approximate  results,  we 
ist  either  resort  to  an  actual  measurement  of  the  discharge  in  a  Tessel  of 
own  capacity ;  or  else  be  content  with  rules  which  may  lead  to  errors  of  5, 
or  more  per  cent,  in  proportion  as  we  deviate  from  these  conditions.  Fre- 
ently  even  10  per  cent,  of  error  may  be  of  little  real  importance. 
Remark  1.  When  tbe  water,  after  passing  over  a  weir,  Fig.  26,  instead  of  fUl- 


Flg.  26. 

I  freely  into  the  air,  is  carried  away  by  a  slightly  inclined  apron  or  trough,  T, 
3  floor  of  which  coincides  with  the  crest  a,  of  the  weir,  then  the  discharge  ii 
t  appreciably  diminished  thereby  when  the  head  a  vi,  is  15  inches  or  more. 
t  if  the  head  a  m  is  but  1  foot,  then  the  calculated  discharge  must  be  reduced 
3ut  one-tenth;  if  6  inches,  two-tenths;  if  2J^  inches,  three-tenths;  and  if  1 
2h,  five-tenths,  or  one-half,  as  approximations. 

[lEMABK  2.  Professor  Thomson,  of  Dublin,  proposed  the  use  of  triangular 
tches,  or  weirs,  for  measuring  the  discharge;  inasmuch  as  then  the  peripheiT 
vays  bears  the  same  ratio  to  tne  area  of  the  stream  flowing  over  it ;  which  u 
t  the  case  with  any  other  form.   Experimenting  with  a  right-angled  triangular 


Fig.  26  A. 

tch  in  thin  sheet-iron,  Fig.  26  A,  with  heads  of  trova.  2  to  7  inches,  measnred 
rtically  from  the  bottom  of  the  notch  to  the  level  turf  ace  of  the  quiet  water  ^  he 
ind  discharge  in  cubic  feet  per  second  =  .0051 X  >^fifth  power  of  kead  in  inches. 
2.54  X  ytiTth  power  of  head  in  feet.*  Or,  in  general,  if  »n  ==  coefficient  of 
itraction  (Art.  9,  p.  541)  T  =  tangent  of  half  the  ancle  of  the  notch  =  width 
water-surface  +  the  depth  in  the  notch,  g  =  the  acceleration  of  gravity  =  say 
I  feet  per  second,  and  A  =  the  head,  measured  as  above ;  then 

Discharge  =  ^^  T  v'fp*  *  -  4.28  m  T  ^'hk* 

lenoark  3.  In  constructing  the  irrigating  canal,  Canale  Villoresi,  near  Milan, 
1881-4,  the  lUlian  engineer,  Cesare  Cippoletti,t  adopted  a  trapesoldal 

»teli,  with  its  bottom  edge  horizontal  and  Its  ends  sloping  at  •  ■        — r,  in 

er  to  avoid  the  necessity  of  either  suppressing  or  allowing  for  end  contrao- 
as.  (See  Art.  14  c,  p.  047,  fuid  m,  p.  060.)  The  contraction  was  found  to  affect 
y  the  triangular  spaces  over  the  sloping  ends  of  the  weir,  and  the  effective 
gth  of  the  weir  thus  remained  constant  <and  equal  to  the  length  of  the  bot- 
1  edge)  for  all  heads.  In  using  these  weirs  the  contraction  is  complete  along 
bottom  as  well  as  at  the  ends 

For  such  roots  see  p.  68. 

See  bis  work,  Oimih  ViUoreH ;  Modnlo  per  In  THapenea  delta  Aoqua^  ^Ce.,  Milan, 
6 ;  published  by  Societa  Italiana  per  Condotte  d'Acqua.  Results  summarized  by 
3.  Carpenter,  in  Bulletin  No.  13,  Agricultural  Experiment  Station,  Vort  Oollins, 
orado,  October,  1890. 
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Oir  THE  FliOW  OF  WATER  IIT  OPEIT  CMAWSHSMM. 

Art.  16.  The  mean  Telocity  of  flow  is  an  Imaginary  uniform  on€^ 
which,  if  given  to  the  water  at  every  point  iu  the  cross  section,  would  give  th$ 
tame  discharge  that  the  actu^  ununiform  one  does.    Or 

mean  T«lo«lt7  ^  ^o'"°°e  "f  dhcharge 
area  of  croM  section 

In  channels  of  uniform  cross  section,  tbe  maxlmitiii  weleeltjr  Is  found 
about  midwav  between  the  two  banks,  and  generally  at  some  dist  below  the  ear* 
face.  This  dist  varies  in  di£f  streams ;  but,  as  an  average,  it  seems  to  be  abouk 
one  third  of  the  total  deoth.  Where  the  total  depth  is  great  in  proportion  to 
the  width,  (say  |  the  width  or  more),  the  max  vel  has  been  found  as  deep  at 
midway  between  surf  and  bottom ;  wnile  in  small  shallow  streams  it  appears  to 
approach  the  surf  to  within  from  .1  to  .2  of  tbe  total  depth.  Many  experiments 
upon  shallow  streams  have  indeed  indicated  that  the  max  vel  was  at  the  surf. 

The  ratio  between  tbe  weloeities  in  cUITerent  parts  of  tbe 
cross  section  varies  greatly  in  diff  streams;  so  that  but  little  dependence 
can  be  placed  upon  rules  for  obtaining  one  from  the  other.  With  the  same  surf 
vel,  wiae  and  deep  streams  have  greater  mean  and  bottom  vels  than  small  shal- 
low ones.  In  order  to  approximate  ronylily  to  tbe  mean  wel  when 
the  greatest  surf  vel  is  given,  it  is  frequentlv  assumed  that  the  former  is  »  | 
(or  .8)  of  the  latter.  But  Mr.  Francis  found,  in  his  experiments  at  Lowell,  that 
turface  floats  of  wax,  2  ins  diam,  floating  down  the  center  of  a  rectangular  nume 
10  ft  wide,  and  8  ft  deep,  actually  moved  about  6  per  cent  slotoer  than  a  tin  tube 
2  ins  diam,  reaching  from  a  few  ins  above  the  surf,  down  to  within  1|  ins  of  the 
bottom  of  the  flume ;  and  loaded  at  bottom  with  lead,  to  insure  its  maintaining 
a  nearly  vert  position.  While  the  wax  mi/ float  moved  at  the  rate  of  3.73  ft  per 
sec,  the  rate  of  the  tube  (which  was  evidently  very  nearlv  the  same  as  that  of 
the  center  vert  thread  of  water)  was  3.98  ft  per  sec.  Also,  that  in  the  same  flume^ 
with  vels  of  the  center  tube  varying  from  1.55  to  4  ft  per  sec,  the  vel  of  the  tube 
was  les*  than  that  of  tbe  mean  vel  of  the  entire  cross  section  of  water  in  the 
flume,  about  j  .96  to  1,  for  the  lesser  vel ;  and  .98  to  1  for  the  greater  vel. 
While,  in  another  rectangular  flume  20  ft  wide  and  8  ft  deep,  with  vels  Tarying 
from  1.16  to  1.84  ft  per  sec,  that  of  the  tubes  was  greatfr  than  that  of  the  entire 
mass  of  water,  about  as  1.04  to  1.  In  a  flume  29  ft  wide,  br  8.1  ft  deep,  with  vela 
of  about  3  ft  per  sec,  it  was  as  1  to  .9 ;  and  in  a  flume  36|  ft  wide,  by  8.4  ft  deep, 
with  vels  of  about  3^  ft  per  sec,  as  1  to  .97. 

caiarles  Ellet,  Jr,  €  E,  fonnd  in  tbe  Mississippi  **  at  diff  pointa 
on  tbe  river,  in  depths  varying  from  54  to  100  ft ;  and  in  currents  varying  fW>iii 
8  to  7  miles  an  hour  that  the  speed  of  a  float  supporting  a  line  50  ft  long,  Is  al- 
most always  grea'er  than  that  of  the  surf  float  alone."  The  same  results  were 
obtained  with  lines  25  and  75  ft  long;  the  excess  of  the  speed  of  the  line  floats 
being  about  2  per  cent  over  that  of  tiie  simple  floats:  and  Mr.  Ellet  concludes, 
therefore,  that  the  mean  vel  of  the  entire  cross  section  of  the  Mississippi,  instead 
of  being  less,  is  absolutely  greater  by  about  2  per  cent,  than  tbe  mban  turf  veL 
He,  however,  employed  .8  of  the  greatest  surf  vel  as  representing  approximately, 
in  his  opinion,  the  mean  vel  of  the  entire  cross  section  of  water.  In  shaUott 
streams,  he  always  found  the  surf  float  to  travel  more  rapidly  than  a  line  float. 

European  trials  of  the  mean  vel  of  separate  single  verticalSt  in  tolerably  deep 
rivers,  nave  resulted  in  from  .85  to  .96  or  the  surf  vel  at  each  vertical.  The  mean 
of  all  may  be  taken  at  .9. 

Bottom  Telocity.  In  streams  of  nearly  uniform  slope  and  cross  section, 
there  is  a  great  reduction  of  vel  near  the  bottom.  As  a  very  rough  approxima- 
tion, the  deepest  measurable  vel,  in  streams  of  uniform  slope  etc,  appears  to  be 
ttcm  ^  to  f  of  the  meau  vel. 

Art.  17.  To  measure  tbe  snrfisce  Telocity,  select  a  place  where 
the  stream  is  for  some  dist  (the  longer  the  better)  of  tolerably  uniform  cross 
section ;  and  free  fh>m  counter-currents,  slackwater,  eddies,  rapids,  etc.  01>> 
serve,  bv  a  seconds-watch,  or  pendulum,  how  long  a  time  afloat  (such  as  a  sntall 
block  of  wood)  placed  in  the  surest  part  of  the  current,  occupies  in  passing 
through  some  previously  measured  dist.  From  50  feet  for  slow  streams,  to  160  ft 
for  rapid  ones,  will  answer  very  well.  This  dist  in  ft,  or  ins,  div  by  the  entire 
number  of  sf>cond8  reqd  by  the  float  to  traverse  it,  will  give  the  greatest  surf  vel 
in  ft  or  ins  p^r  sec. 

Tbe  snrf  Tel  sboulcl  be  measd  in  perfectly  calm  weatber, 
so  that  the  float  may  not  be  disturl)ed  by  wind  ;  and,  for  the  same  reason,  the 
float  should  not  project  much  above  the  water.    The  measurement  should  bs 
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leated  sevtral  I9ni«t  to  Insttre  aoouraej.  In  very  snail  BtrMint,  the  banks 
i  bed  mtr  be  trimmed  for  a  short  dist,  so  as  to  present  a  uniform  channel* 
r.  The  float  should  be  jpUced  in  the  water  a  little  dist  above  the  point  for 
umencing  the  obserratfon ;  so  that  it  may  acquire  the  full  vel  of  the  water, 
ore  reaching  that  point. 

Art.  18.  To  cavce  a  strMUM 
b)r  means  ot  Its  ▼•locltr*  Select 
a  place  where  the  cross  section  remains,  for 
a  short  distance,  tolerably  uuiform,  and 
free  from  counter-currents,  eddies,  still 
water,  or  other  irregnlariti*  s.  I'repare  a 
oarefnl  cross-section,  as  Fig.  27.  By  means 
poles,  or  bnoys,  n,  n,  diTide  the  stream  into  ssotions,  a,  b,  c,  Ac.  Plant  two  range- 
es,  R.  B,  at  the  upper  end,  and  two  others  at  the  lower  end,  of  the  distance 
Dugh  which  the  floats  are  to  pass ;  fur  observing  by  a  seconds  watch,  or  a  pendn- 
I,  the  time  which  they  occupy  in  the  passage.  Then  measure  the  meam  yelooltj  of 
b  B«>ction  a.  6,  e,  Ac,  separately,  and  directly,  by  msNos  of  long  floats,  as  V  L, 
:hing  to  near  the  bottom :  and  projecting  a  little  above  the  surfisce.  The  floats  may 
in  tubes,  or  wooden  rods ;  weighted  in  either  case,  at  ^e  lower  end,  until  they 
[  float  nearly  vertical.  They  must  be  of  different  lengths,  to  suit  the  depths  of 
different  sections.  For  this  purpose  the  float  may  be  made  in  pieces,  with  screw- 
its.  The  area  of  each  separate  section  of  the  stream  in  equare  feet,  being  mnlti- 
d  by  the  observed  mean  velocity  of  its  water  in  feet  per  second,  will  give  the 
barge  of  that  section  in  cubic  feet  per  second.  And  the  discharges  of  all  the 
trate  sections  thua  obtained,  when  ad<ted  together,  will  give  the  total  discharue 
he  stream.  And  this  total  discharge,  divided  by  the  entire  area  of  cross-section 
he  stream  in  square  feet,  gives  the  mean  velocity  of  aU  the  water  of  the  stream, 
set  per  second. 

tern.  If  the  etaannel  I9  In  common  earth,  especially  if  sandy 
loss  bysoakage  into  the  soil,  and  by  evaporar4nn,  will  frequently  abstract  so 
'h  water  that  liie  disch  will  gradually  i-econie  less  and  less,  the  farther  down 
am  it  is  measured.  IxfDg  canal  feeders  thus  generallv  deliver  into  the  canal 
a  small  proportion  of  the  water  that  enters  their  upper  ends. 
he  doable  float  Is  used  for  ascertaining  vels  at  diff  depths.  It  consists 
float  resting  upon  the  surface  of  the  water,  and  of  a  heavier  body,  or  "lower 
;",  which  is  suspended  from  the  upper  float  by  means  of  a  cord.  The  depth 
be  lower  float  of  course  depends  upon  the  length  of  the  suspending  cord 
ich  may  be  increased  or  diminished  at  pleasure  until  the  lower  float  is  lie- 
>d  to  be  at  that  depth  for  which  the  vel  is  wanted),  and  upon  ito  stralght- 
,  which  Is  more  or  less  afffected  by  the  current.  Owing  to  this  latter  circum- 
ce,  it  is  difficult  to  know  whether  the  lower  float  is  really  at  the  proper 
h.  Moreover  It  is  uncertain  to  what  extent  the  two  floats  and  the  string 
rfere  with  one  another's  motions.  In  deep  water  the  string  may  oppose  a 
ter  area  to  the  current  than  the  lower  float  itself  does.  It  thus  becomes 
)trul  to  what  extent  the  vel  of  the  upper  float  can  be  relied  upon  as  indlcat- 
;hat  of  the  water  at  the  depth  of  the  lower  one. 

rt.  19.    Castelll's  quadrant,  or  h^drometrlc  pendnlnm. 

isted  of  a  metallic  ball  suspended  bv  a  threaafrom  the  center  of  a  graduated 
The  Instrument  was  placed  in  the  current,  with  the  arc  parallel  to  the 
tion  of  flow ;  and  the  vel  was  then  calculated  from  the  angle  formed  be- 
n  the  thread  and  a  vert  line. 

sathey*s  pveaanre  plate  was  a  sheet  of  metal  suspended  by  one  of  its 
,  about  which  it  wns  left  free  ts  swing.  The  plate  was  immersed  in  the 
m,  with  Its  fkce  at  right  angles  to  the  current.  The  vel  was  estimated  by 
IS  of  the  weight  requfared  to  make  the  plate  hang  vert  in  opposition  to  the 
of  the  current. 

t9t*m  tnhe  was  originally  a  simple  glasa  tubs.  Fig.  27  A,  open 
th  ends  a&d  bent  in  the  shape  of  theletter  L.  One  leg  of  the 
3  held  horisontal  under  water,  with  its  open  end  facing  the 
nt ;  and  the  velocity  v  at  the  point  o  where  it  was  placed  was 

ured  by  the  vertical  height  h  I  theoretically  «=       J  to  which  ' 

ater  rose  in  the  other  leg  above  the  surface  or  the  stream.     *^'  ■*'^ 
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Fig.  37B 


Am  deTeloped  by  BI.  DarcT  and  by  Prof.  S.  W.  B#Mb«oii,*  mai 

rudely  indicated  in  Fig.  27  B,  Pitot's  tube  consists  essen- 
tially of  ttoo  horizontal  glass  or  metal  tubes  a  and  b,  of 
very  small  bore,  placed  side  by  side  in  the  current  and 
pointed  up-stream.  Tube  a  receives  the  current  in  its 
^1fli  ®P®°  up-stream  end,  while  b  is  closed  at  its  up-stream 

X   H:  end,  and  has  small  laUrcU  openings  only.    The  other  end 

of  each  tube  communicates,  by  means  of  small  metal  or 
rubber  piping,  with  one  leg  of  an  inverted  U-shaped  glass 
gauge  fixed  in  a  boat  or  on  shore.  For  convenience,  the 
two  flexible  pipes  may  be  joined  together  into  one  double 

{>ipe.  By  sucking  through  a  stop-cock  T  at  the  top,  water 
8  drawn  up  to  any  convenient  height  in  the  two  legs  of 
the  gauge.  When  there  is  no  current,  the  two  columns  of 
course  stand  at  the  same  height ;  but  in  a  current,  the  dif- 
ference h  in  their  heights  is  such  that  v  »  y2  g  hj  no  cor* 
lective  coefficient  being  required.  'I'he  instrument  is  re- 
markably simple  and  accurate,  and  can  be  used  in  very 
narrow  and  shallow  streams  of  water  or  of  gas.  It  meas- 
ures velocities  as  low  as  4  inches  per  second. 
In  practice,  a  and  b  are  fixed  together  in  one  piece,  and  placed,  when  in  use, 
in  a  metal  frame  which  slides  vertically,  either  upon  a  wire  passing  through  it 
and  provided  with  a  plummet  which  rests  upon  the  bottom  and  keeps  the  wire 
stretched,  or  (in  streams  shallower  than  about  20  feet)  upon  a  vertical  wooden 
rod,  the  lower  end  of  which  holds  in  the  bed  of  the  stream.  In  the  former  case, 
the  frame  is  provided  with  a  long  vane  for  keeping  the  instrumeuc  headed  up- 
stream. In  either  case,  means  are  provided  for  showing  the  depth  to  which  the 
instrument  is  submerged. 

Bv  making  the  gauge  scale  adjustable  vertically,  and  placing  it  (at  each  change 
of  depth  of  instrument)  with  its  zero  opposite  the  top  of  the  lower  column,  we 
obviate  the  necessity  of  observing  the  height  of  both  columns  at  each  reading ; 
for  the  reading  of  the  upper  column  alone  then  gives  the  head  h  at  once. 

Art.  20.  The  wheel  meter  consists  of  a  wheel  which  is  turned  by  the 
current,  and  which  communicates  its  motion,  by  means  of  its  axle  and  gearing, 
to  indices  which  record  the  number  of  revolutions.  The  instrument  may  be 
clamped  to  any  part  of  a  long  pole  reaching  to  the  bottom  of  a  stream,  and  thus 
majr  be  used  at  any  depth.  The  observer,  by  means  of  a  wire,  rod  or  string 
reaching  down  to  the  instrument,  throws  the  registering  apparatus  first  into, 
and  then  out  of,  gear  with  the  wheel  (applying  a  brake  to  the  former  at  the 
Instant  it  is  thrown  out  of  gear),  and  carefully  noting  the  times  when  he  does 
so.  The  instrument  is  then  raised,  the  number  of  revolutions  in  the  measured 
time  is  read  off  from  the  indices,  and  from  it  the  velocity  is  calculated.  But  the 
meter  is  often  made  self-refplsterlny ;  the  wheel,  at  each  revolution,  auto- 
matically breaking  and  re-establishing  a  galvanic  current  generated  by  a  bat- 
tery. The  wire  carrying  this  current  is  thus  made  to  operate  Morse  telegraphic 
registering  apparatus  placed  in  a  boat  or  on  shore. 

A  number  of  meters,  so  arranged,  can  be  attached  at  different  points  on  the 
same  pole  at  the  same  time,  and  thus  slmiiltaneous  observations  of 
▼elocitles  at  different  depths  may  be  made  and  reentered. 

Meters  are  usually  so  arranged  as  to  swine  freely  about  the  long  vertical  polt 
to  which  they  are  damped,  and  are  providea  each  with  a  vane  or  tail  similar  to 
that  of  a  windmill,  for  keeping  the  wheel  in  the  proper  position  as  regards  the 
current.  The  wheels  are  generally  made  like  those  of  a  windmill;  i,  c,  with 
blades  set  at  such  an  angle  as  to  present  a  sloping  surface  to  the  current ;  and 
with  the  axis  of  the  wheel  parallel  to  the  direction  of  flow.  The  axis  runs  in 
agate  bearings.  When  desired,  the  rim  of  the  wheel  is  ftimished  with  an  air- 
chamber,  which  just  counterbalances  the  weight  of  the  wheel,  and  thus  removes 
journal  friction  due  to  it.  Meters  provided  with  electrical  registering 
apparatus  sometimes  have  the  gearing  ana  indices,  etc,  enclosed  in  a  glass  ease,* 
to  prevent  them  from  becoming  clog^d  by  weeds,  sediment,  etc. 

A  wheel  meter  is  rated  by  moving  it  at  a  known  velooitT  through  still 
water,  and  noting  the  effect  produced.  In  this  way  a  ooeflicient  is  obtained  for 
each  meter,  which,  when  multiplied  by  the  number  of  revolutions  recorded  in 
any  given  case,  gives  the  velocity  for  that  case. 

*8ee  Van  Nostrand's  Magazine.  March.  1878,  and  August,  1886. 
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iLrt^  21..  Kntter's  formnla  for  the  meaB  ▼«!  of  water  flowing  in  open 
anuels  ol  unitbrm  crose  sectiou  and  slope  throughout. 

C»n^loia.  The  use  of  all  suoh  formuls  is  liable  to  error  arising  from  the 
fficuUy  ol'  aacerlAining  the  exact  condition  of  the  stream  as  regards  roughness 
bed,  surface  slope,*  etc. 

Rkm.  1.  Oare  must  be  tak<»ii  that  tlie  bottom  Tel  is  not  oo 
re»4  as  to  wear  away  tbe  soil.  If  there  is  any  such  danger  artificial 
leaDS  must  be  applied  to  protect  the  channel-way;  or  it  mav  beadrisable  to 
aduce  the  rate  of  faQ,  and  increase  the  cross  seoiion  of  the  channel ;  so  aw  U) 
Bcure  the  same  disch,  but  witli  less  vel.  A  liberal  increase  should  also  be  mad^ 
a  tbe  dimeusions  of  such  channels,  to  compensate  for  obstructions  to  the  flow, 
jrising  from  the  growth  of  aquatic  plants,  or  deposits  of  mud  from  rain- 
rashes,  etc ;  or  even  from  very  strong  winds  blowing  against  the  current. 

Bkm.  2.  Water  rnnninv  in  a  cbannel  witb  a  borisontal  bed, 
»r  Ibottom,  cannot  bave  a  nniform  Tel,  or  deptb,  tbronyb- 
i»ut  its  course;  because  the  action  of  gravity  due  to  the  inclined  plane  of  a 
sloping  bottom,  is  wanting  in  this  case;  and  the  water  can  flowonlrby  forming 
itA  surface  into  an  inclined  plane;  which  evidently  involves  a  diminution  of 
depth  at  every  successive  dist  from  the  reservoir. 


Tbeory  of  flow«  It  is  generally  held  that  the  resistanoes  to  the  flow  et 
water  in  a  pipe  or  channel  are  directly  proportional  to  the  area  of  the  bed  sur> 
face  with  which  the  water  comes  iii  contact  (i  e,  to  the  product  of  the  "  wetted 
perimeter"  as  abco  Figs  28,  29,  80  mult  by  the  length  of  the  channel,  or  of  the 
portion  of  it  under  consideration) ;  and  to  the  square  of  the  vel  of  the  flowing 
water;  and.  inasmuch  as  the  resistance  at  any  given  point  in  the  cross  section 
appears  to  oe  inversely  as  the  dist  of  that  point  from  the  hottoiu  or  sides,  we 
conclude  that  the  total  resistances  are  inversely  as  the  area  of  the  cross  section  -, 
because  the  greater  that  area,  the  greater  would  be  the  mean  dist  of  all  the  par* 
tieles  from  tne  bottom  and  ^es.     The  reiistance  is  independent  of  the  pressure. 

In  short,  the  resistances  are  assumed  to  be  in  proportion  to 

vel*  X  wet  perimeter  X  length  t^pl 

area  of  cross  section  « 

and  the  head  k"  in  feet  or  in  metres  etc,  required  to  overcome  those  resist, 
ances,  is 

resistance     a  ooeflicient     vel*  X  wet  perimeter  X  length  K/f  ^  c—^ 

head     "^  c  area  of  wet  cross  section  "*       a 

from  which  we  have 


, /  area  of  wet 

1  a  hf*  ,         /  1    v^-^/  <5ross  section  ^^ 

Cp-T  *^'    ^^i-V^^^^etperimeterX 


head 
length 


"In  iMunrliig  the  slope  of  a  large  river,  the  ordinary  errors  of  tbe  moat  ear^bl  leveling  are  a 
e  proportion  of  the  whole  f^ll ;  the  variation  of  level  in  tbe  cross  section  of  the  surflsoe  is  often  as 
u  the  slope  fbr  ten  miles  or  more ;  the  exact  point  where  the  level  shonld  be  taken  is  oftea 


uncertain :  the  rise  and  fall  of  the  water  makes  it  extremely  difficnlt  to  decide  when  the  levels  shooM 
be  taken  st  the  app«r  and  low«r  poteta  ;  waves  ot  translatioD  may  aflReet  the  inoUnation  to  agraat 
Md  ueerula  decrMi  asd  may  •ven  make  the  rarfaos  sl^^  tbe  rtvarie  way."  Oeal  T.  O.  Kllli, 
fttM  Am  Boo  ClT  loffrs.  Aof  1877. 
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>rea  of  tret  cross  section       ^^       a_       ^  the  "hydraulic  radius- of 
wet  perimeter  p 

'♦  mean  depth  "  or  "  mean  radios,"  B,  of  the  cross  section ; 

resistance  head       ^^        _^        j^  ^^  Inclination  or  slope,  8,  (fre- 
length  I 

quently  denoted  by  "I")  of  the  hydraulic  grade  line,    •        or  the  sine  of  the 
angle  wsoFigl^  .In  open  channels,  it  is  « the  fall  of  the  surface  per 

anit  of  length. 

We  therefore  hare  Telocity  =■  -xj—^  X  l/mean  radius  X  slope 

nr  « 

or,  by  using  a  coeff  (c)  =  \~^» 

velocity  =  coefficient  c  X  l/mean  raaius  X  slope 

or       v  =  e  \/WS 

The  earlier  hydraulicians  gave  (each  according  to  the  results  of  his  investiga- 
tions) ^ed  Tallies  for  tbe  coeflTc,  (generally  about  95  to  100  for  channels 
in  earth  or  gravel,  as  in  our  early  editions),  making  it,  in  other  words,  a  (xm» 
Stanly  and  independent  of  the  shape,  size,  slope  and  roughness  of  the.  channel. 
But  more  recent  investigators  have  shown  that  the  coefficient  c  is  affected  by 
ditferences  in  any  of  these  particulars. 

According  to  the  formula  of  Ganguillet  and  Kutter  (generally  called,  for  con- 
venience, '*Itutter'8  formula ''*)  the  value  of  c  is : 

For  Enylisli  measure.  For  metric  measure. 

V'meau  rad  in  feel  |/mean  rad  in  metres 

Tables  g^iTlne  values  of  e  for  diff  grades,  mean  radii  and  degrees  of 
Mughness,  and  for  English  and  metric  measures,  are  given  on  pp  566,  etc. 

Here  n  is  a  ''coefficient  of  rouffliness"  of  sides  of  channel  as  given 
below.  These  values  of  n  were  obtained  from  experience,  by  averaging  a  large 
number  of  experiments  made  under  very  different  circumstances.  Tbey  there- 
fore embrace  all  the  disturbing  effects  arising  from  obstructions  existing  upon 
the  bottom  and  sides  of  the  channel  in  the  cases  experimented  upon.  In  small 
artificial  channels  of  uniform  cross  section  and  slope,  these  obstructions  may  be 
said  to  consist  entirelv  of  the  comparatively  minute  roughnesses  of  the  material 
of  which  the  bed  of  the  channel  consists.  But  in  rivers  and  earth  canals,  even 
where  the  general  direction,  slope  and  cross  section  are  tolerably  uniform,  (as 
they  were  in  the  cases  upon  which  our  list  is  based),  there  are  still  many  con- 
siderable irregularities  in  the  sides  and  bottom ;  and  these  exort  a  much  greater 
retarding  effect  upon  the  mean  vel  than  the  mere  r<nlffknes^  of  the  material  of 
the  banks.  We  therefore  find  larger  values  given  for  n  in  such  cases  than  for 
small  regular  artificial  channels,  although  the  material  of  the  sides  etc  was  in 
many  cases  smooth  mud;  and  we  must  not  apply  to  such  comparatively  irregu' 
lar  channels  the  small  values  of  n  obtained  by  experiments  with  small  and  care- 
fully made  straight  flumes  of  uniform  section  and  slope,  even  if  we  suppose  the 
bottom  and  sides  of  the  former  to  be  made  as  smooth  as  those  of  the  laner. 

No  general  formula  Is  applicable  to  cases  of  decided  bends  in  the  course 
of  a  natural  stream,  or  of  marked  irregrnlarities  in  tbe  cross  see- 
tion.  Such  cases  would  require  still  higher  coeficientsn  than  those  here  given 
for  rivers  and  canals :  but  they  would  have  to  be  ascertained  by  experiment  for 
each  case,  and  would  be  useless  for  other  cases.  For  such  streams  we  must  there- 
fore depend  upon  actual  measurements  of  the  velocity,  either  direct  or  by  means 
ofthedisch. 

*  See  •'  Flow  of  Water,"  translated  firom  Ganguillet  and  Kutter,  by  Rudolph 
Hering  and  John  C.  Trautwine,  Jr.,  New  York,  John  Wiley  4  Sons,  18a>.  |4.D0l 
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There  is  much  room  for  the  exercise  of  judgment  iu  the  select! on  ef  ttoe 
roper  eoeffieient  n  for  may  giren  case,  even  where  the  cooilition  of  the 
Hiinel  is  well  ^aovn.  It  may  frequently  be  necesaiiry  io  use  values  of  n  inters 
.'djate  between  those  given ;  for  careless  brickwork  mav  be  rougher  than  well 
isbed  rubble;  side  slopes  in  "very  firm  erayel "  may  have  very  di£f  degrees 
roughness;  etc  etc.  The  engineer  should  make  lists  pf  values  of  n  from  his 
D  experience,  fully  noting  the  peculiarities  of  each  case,  and  calculating  n 
im  the  tables. 

\  given  diff  in  the  deg  n  of  roughness  exerts  a  moch  ffreater  effect  upon  the 
ifficient  e,  and  thus  upon  the  velocity,  in  small  channels  than  in  larger  ones. 
is  therefore  especially  necessary  in  small  channels  that  «are  be  exercised  in 
clloff  (by  experiment  if  necessarv)  the  proper  value  of  tk;  and,  where  a  large 
ch  is  desired,  the  sides  of  small  channels  should  be  made  particularly  smooth. 

TaMe  of  n,  or  eoeflleleiit  of  ronyhnc— , 

n  any  given  case  the  value  of  n  is  the  same  whetlier  the  meaii 
lUns  IS  irtv^n  in  Enylisli,  metric  or  any  other  measure. 

▲rtillcial  channels  of  nnlfbrm  cross  sectfon. 

»  and  botlom  ot  diannel  lined  with  ,  n  ^ 

well  planed  timber *.............^..  .009 

neat  cement    (applies  also  to  glazed  pipes  and  very  smooth  iron  pipes).  .010 
plaster  of  1  measure  of  sand  to  8  of  cement;    (or  smooth  iron  pipes).  .011 

unplaned  timber  (applies  also  to  ordinary  iron  pipes);. .012 

ashlar  or  brickwork .......^..» .019 

rubble .....mm...;.......^.... ^ »....».......».»....  .017 

cniaiiiiels  subject  to  irreyiilaritjr  of  cross  section* 

ale  in  very  firm  graveL. ......m........^.............. 020 

als  and  rivers  of  tolerably  uniform  cross  section,  slope  and  direction, 
in  moderately  good  order  and  regimen,  and  free  from  stones  ana 

weeds.............MM»..M..^..— — »•— ••.•••M.M.M.....M.. .02S 

having  stones  and  weeds  occasionally .030 

in  bad  order  and  regimen,  overgrown  with  vegetation,  and  strewn 

with  stones  and  detritus.......... ^.^m.................^..... ....„ 086 

rt.  98.  The  following  tables  giwe  Talnes  of  the  coeflicient 

obtained  bv  Kutter's  formula  for  diff  slopes  (S)  mean  radii  (B)  and  degrees 

tughnees  (n).* 

intion.    Diilbrent  values  of  e  must  be  used  with  English  and  with  metrie 

lures.    We  give  tables  for  both  measures. 

t.    Having  the  slope  8,  the  mean  rad  B  and  the  deg  n  of  roughness ;  t# 

1  the  coefT  c.    Turn  to  the  division  of  the  table  corresponding  to  t^ 

1  slope  S.    In  the  first  column  find  the  given  mean  rad,  B.    In  the  same 

with  this  B,  and  under  the  given  n,  is  the  proper  value  of  c* 

•    Having  the  slope  S,  the  mean  rad  B  and  either  c  or  the  actual  or  reqd 

;  to  fincE  the  actual,  or  the  greatest  permissible,  dey  u  of 

S'liness  of  channeL    If  the  vel  is  given,  and  not  e,  first  find 

'       - — .  Turn  to  the  division  of  the  table  corresponding  to 
/slope  X  mean  radius 

iven  8,  and  in  the  first  col  find  the  given  B.  In  the  same  line  find  the 
giren,  or  Just  obtained,  for  e;  over  which  will  be  found  the  reqd  n.* 
.  HariDg  the  slope  S,  the  deg  n  of  roughness,  and  the  actual  or  required 
to  find  the  actual  or  necessary  mean  rad,  R.  Assume  a 
rad ;  and  from  the  division  of  the  table  corresponding  to  the  given  S  take 
le  value  of  e  corresponding  to  the  given  n  and  the  assumed  B.    Then  say 

t/  =  c  so  found  X  |/ assumed  mean  radius  X  slope 

is  often  necessary  to  interpolate  values  of  S,  B,  n  and  c  intermediate  <d 
in  the  tables ;  this  may  be  done  mentally  by  simple  proportion. 
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If  this  v'  is  the  same  ss  the  t^wen  rel,  or  neiur  enough  to  It,  take  the  assnmed  B 
as  the  proper  one.  Otherwise,  repeat  the  whole  proceBS,  assuniiog  a  ntw  R, 
ffreater  than  the  former  one  if  ir  is  Us»  than  the  given  vel,  and  viee  vena.* 

4tli.  Having  the  dimensions  of  the  wetted  portion  {ahob  Figs  28, 29,  80,)  of 
the  channel,  the  degii  of  roughness,  and  the  actual  or  reqd  vel;  to  find  m% 
Actual  or  necessary  slope,  S : 


Find  the  mean  rad,  B  = 


area  of  wet  cross  section 
length,  abco,ot  wet  perimeter 


Assume  one  of  the  four  slopes  of  the  tables  to  be  the  proper  one.  From  the 
eorresnondins:  division  of  the  table  take  out  the  ralue  or  «  correspondtng  to  the 
given  R  and  n. 

If  B  is  3.28  feet,  or  1  metre,  the  value  of  c  thus  found  is  the  proper  one  (bO' 
cause  then  c,  for  any  given  »,  remains  the  same  for  all  iiepea^;  sbd  the  slope,  ^ 
may  be  found  at  once,  thus: 

\0  X  l/iuean  radlui/ 
But  if  B  ia  greater  or  less  than  ^28  feet*  or  1  metre,  s^y 


tK  _  c  thus  found  X  l/mean  radios  X  aasumdd  sloj^ 

If  this  i/  is  near  enough  to  the  given  vel.  talce  the  assnmed  S  as  the  proper  onep 
Otherwise,  assume  a  new  S,yrea<0r  than  the  former  one  if  tK  is  Mm  than  the  given 
vel,  and  vice  versa;  and  repeat  the  whole  process.* 

•  It  ia  often  neoessarj  to  Interpolate  ▼nlueeof  8,  B,  m  nnd  e  tntermediate  of  feliOM  !«  the  tabtas. 
Thli  nugr  be  done  mentally  by  etmple  prc^portliw. 
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.000 
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.017 

.020 
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c 
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65 

57 

50 

44 

40 

33 

28 

23 
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87 

75 

67 

59 

58 

45 

88 
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97 

87 

78 
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59 

51 
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81 

69 

60 

49 
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22 
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45 

88 
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9^ 

3 
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147 
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88 

70 
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50 

44 

8 
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8.28 

201 
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164 
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121 
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91 

72 

60 

02 

46 

8.28 

g  Q 

4 

209 

188 
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96 

78 

65 

56 

49 

4 

|| 

6 
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206 

188 

174 

161 

142 

126 

108 

88 

74 

64 

67 

6 

8 

238 

216 

199 

184 
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117 

96 

82 

71 

68 

8 

1^ 

10 

246 

225 

207 
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124 
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87 

76 

68 

10 

i2 

253 

231 

214 

198 

186 

165 

149 

129 

107 

92 

81 

72 

12 

» 

16 

263 

242 

223 

208 

195 

174 

157 
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115 

100 

88 

79 

16 

1 

20 

271 

249 

231 

215 

202 

181 

164 

144 

121 

106 

94 

84 

20 

80 

283 

261 

243 

228 

215 

193 

176 

157 

183 

117 

104 

95 

80 

50 

297 

274 

257 

241 

228 

207 

190 

170 

147 

130 

117 

107 

60 

M 

75 

306 

284    267  1 
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238 

217 
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180 

157 
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75 
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Hean 
radR 

Coefficient*  n  of  roughness 

Mean 
radR 

feet 

.009 

.010 

.011 

.012  |.013 

.016 

.017 

.020 

.025 

.030 

.035 

.040 

feet 

c 

c 

c 

c 

c 

e 

c 

c 

c 

c 

c 

C 

.1 

78 

67 

59 

62 

47 

39 

33 

26 

20 

16 

13 

11 

.1 

.15 

91 

79 

69 

62 

56 

46 

39 

31 

23 

19 

16 

18 

.15 

I 

.2 

100 

87 

77 

68 

62 

51 

44 

m 

26 

21 

18 

15 

.2 

1 

.3 

114 

99 

88 

79 

71 

59 

50 

41 

31 

25 

21 

18 

.3 

i 

.4 

124 

109 

97 

88 

79 

66 

57 

46 

35 

28 

24 

20 

.4 

I 

,6 

139 

122 

109 

98 

90 

76 

65 

53 

41 

33 

28 

24 

.6 

L 

.8 

150 

133 

119 

107 

98 

83 

71 

59 

46 

37 

31 

27 

.8 

1 

158 

140 

126 

114 

104 

89 

77 

64 

49 

40 

34 

29 

1 

1.6 

173 

154 

1H9 

126 

116 

99 

87 

72 

67 

47 

40 

34 

1.6 

1 

2 

184 

164 

148 

ia5 

124 

107 

94 

79 

62 

51 

44 

38 

2 

t 

t  3 

1V)8 

178 

161 

148 

136 

118 

104 

88 

71 

59 

60 

4-1 

3 

;  3.28 

201 

181 

164 

151 

139 

121 

106 

91 

72 

60 

52 

46 

3.28 

.   I   4 

207 
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170 

156 

145 

126 

111 

95 

77 

64 

56 

49 

4 

,        6 

220 

199 

182 

168 

156 

i;^ 

122 

105 

85 

72 

63 

66 

6 

8 

228 

206 

189 

175 

163 

144 

129 

111 

91 

78 

68 

61 

8 

10 

234 

212 

195 

181 

169 

149 

134 

116 

96 

82 

72 

64 

10 

12 

238 

217 

200 

185 

173 

153 

138 

120 

99 

86 

75 

68 

12 

16 

245 

223 

206 

191 

180 

160 

14.1 

126 

106 

91 

81 

73 

16 

20 

250 

228 

211 

1h6 

184 

165 

149 

131 

110 

96 

a5 

77 

20  •■ 

30 

257 

236 

219 
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192 
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139 
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92 

84 
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50 

2fift  245 

228 
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lOi 

93 

50  .. 

75 

272  250 
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99 

75 
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190. 
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137 

123 
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104 

100 

.1 

90 

78 

63 

60 

54 
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37 

30 

22 

17 

14 
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1 

.2 

112 

98 

86 

76 

69 

57 

48 

39 

29 

23 

19 

16 

"2 

.3 

125 
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97 

87 

78 

65 

56 

45 

34 

27 

22 

19 

.3 

.4 
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95 

86 

72 

62 

50 

38 

31 

25 

22 

.4 

.6 
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96 

81 

70 

57 

44 

35 

30 

25 

.6 

:  .8 
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88 

76 

63 

48 

39 

33 

28 

.8 

1 
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93 

81 

67 

52 

42 

35 

31 

1 
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75 

59 

48 

41 

35 
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2 
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64 
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45 

39 

2 

3 
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3 
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Table  of  coeflUcicoi 
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mean 
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For  slopes  steeper  than  .01  per  unit  of  length. »!  in  100,  the  oo- 
efficient  o  remains  practically  the  same  as  at  that  slope.  Toe  velocity,  however, 
being  =  cX  Vmean  raaius X slope^  continues  to  increase  as  the  slope  becomes 
steeper. 

To  eonstrnei  a  diagrranif  ^R  30  A,  from  which  the  Talnes  ffiTen 

by  Kntter's  formnla  may  be  taken  by  inspection. 

Draw  XM  hbr,  and  say  from  2  to  4  ft  long;  and  oy  vert  at  any  point  o  within 
say  tlie  middle  third  of  xz.  On  oy  lay  off,  as  shown  on  the  left,  the  values  of  « 
for  which  the  diagram  will  probably  be  used.  If  a  scale  of  .05  inch,  or  .092 
metre,  per  unit  of  e  be  used,  and  be  made  to  include  c  »  250  for  £nglish  meas- 
ure, or  150  for  metric  measure,  oy  will  be  about  1  ft  long.  For  the  sake  of 
clearness  we  show  only  the  larger  divisions  in  this  and  in  what  follows. 

On  0  2  lay  off,  as  shown  on  its  ijipper  side,  the  sgtiare  roots  of  all  the  values  of 
the  mean  rad  K  for  which  the  diagram  is  to  be  used.  One  inch  per  ft,  or  .06 
metre  per  metre,  of  sq  rt,  is  a  convenient  scale.  Mark  the  dividing  points  with 
the  respective  values  of  the  mean  radii  thenuelves. 

Having  decided  upon  the  JkUtett  slope  to  be  embraced  In  the  diagram,  say 

0028 
w  ^  41.6  +  g^^^^^^  •      ^^^^  ^^  ^  for  Englithmeasaw. 
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for  metric 


flattest  slope  per  unit  of  length 
For  each  Tslne  of » to  be  embraced  in  tbe  dlafram,  eay 

y  — IP— -^ —  for  English  measure;  «t  y  — «p*— - — -  for  metrle  measure* 


To  each  Talue  of  y  —  w,  add  tr,  thus  obtaintni?  values  of  v.    We  take  .000025 
per  unit  of  length  as  the  flatt-est  slope,*  aud  .01,  .02,  .03  and  .04  for  n.f    Hence 

(using  English  measure)  w  —  41.6  +  ^^^  —  41.6  +  112  —  158.6. 


^      *'""    .01  •       .02  '       .03  * 


1.811  . 
.04"  ' 


181.1,  90.5,  60.4,  45.3  respectively, 


*  This  it  about  aa  flat  aa  is  likely  to  occur  in  nmctice. 

*  In  moat  oaaes  niaoy  iotermediate  ooea  would  he  aned. 
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and         y  — 181.1  + 153.6,       90.5  +  153.6,       60.4  +  153.6      and     45.8  +  158.6; 

or  334.7,  244.1,  214.0  and  198.9  respectively.  Lay  off  these  yaluei  of  y  on  oy  in 
pencil,  as  at  y,  y\  y'\  and  y"\  using  the  scale  already  laid  off  for  o  on  oy. 

From  each  point,  y,  y'  etc,  draw  a  hor  pencil  line  y/,  ^1f  etc,  and  mark  on  it, 
in  pencil,  the  value  of  n  used  in  determiuiuK  its  height  oy  etc. 

N^ext  say  2  —  tr  X  greatest  value  of  n.  MaKe  0  x  —  a;  by  the  scale  of  sq  rls  of  R 
on  0  «.  In  ou  r  case  0  «  —  158.6  X  .04  —  6.144  by  the  scale  of  15  rto  of  B,  or  —  6.144* 
—  37.75  by  the  scale  of  B. 

Divide  ox  into  as  man^  equal  spaces  (A  in  our  case)  as  .01  is  contained  in 
greatest  n.    Mark  the  dividing  points  witn  the  values  of  n,  as  in  our  Fig. 

From  each  dividing  mark  on  ox  erect  a  perpendicular,  {x^"  etc)  in  pencil,  to 
cut  tbi^t  hor  line  {y'''^'''  ^^)  which  corresponds  to  the  same  value  of  n.  The 
intersections  are  points  in  a  hyperbola.  Join  them  by  straight  lines  f"t"^  tf*f, 
/'/etc. 

From  r  in  oa  (corresponding  to  a  mean  rad  of  8.28  ft,  or  1  metre)  draw  radial 
lines,  r/,  r /',  rt"  etc.  Mark  them  *'  n  —  .01 ",  "  n  —  .02  "  etc,  the  same  as  their 
corresponding  lines  yt,y^t'  etc. 

For  each  slope  (S)  to  be  used  in  the  diagram  (except  the  flattest,  for  which 
this  has  already  been  done)  say 

a/,  «"  etc  —  (41.6  +  '^  )  X  grealettn,    for  English  i 

«', «"  etc  —  ( 28  +  '—: j  X  greatest  tif    for  metrit  measure. 

Thus,  onr  slopes  are  «-  .000025,  .00005,  .0001  and  .01  per  unit  of  length.    Heikoe, 

a//'-  (41.6  +  ^)  X  .04  -  1.676. 

Lay  off  each  value  of  a/,  x"  etc  from  oy  on  a  separate  hor  pencil  line  </t^  etc, 
using  the  scale  of  sq  rta  of  B  as  on  o«. 

Mark  each  line  o'r  etc  in  pencil  with  the  slope  used  in  fixing  its  length. 

Divide  each  dist  o'x^  etc  into  the  same  number  of  ^ual  parts  as  ox.  From 
the  dividing  points  (which,  like  those  of  0  a;,  represent  the  values  of  n)  erect  perps 
to  cut  the  radial  lines  rf",  r<"  etc,  each  perp  cutting  that  radial  line  which  cor- 
responds to  the  value  of  n  represented  by  the  point  at  the  foot  of  the  perp.  The 
interseotions  corresponding  to  each  line  o'  a/  etc  form  a  hyperbolic  curre.  Mark 
each  curve  with  the  slope  of  its  corresponding  line,  ox,  vx  etc. 

The  drawing  is  now  in  the  shape  proposed  by  Mess  Ganguillet  and  Kutter,  and 
is  ready  for  use  in  finding  either  c,  n,  Bor  8  when  th«  other  three  are  given. 
Thus: 

!■$•  Having  B,  S  and  n,  to  find  e.  For  example  let  B  ->  20  ft,  8  »  .00005, 
n  »  .08.  From  the  intersection  d  of  slope  curre  .00005  and  radial  line  n  »  .08, 
draw*  (^-20  to  the  point  (20)  in  oar  corresponding  to  the  given  B.  At  e,  where 
(f-20  cuts  oyy  is  the  reqd  c,  »  96  in  this  case. 

2d.  Having  B,  8  and  e,  to  find  n.  For  example  let  B  >=  20  ft,  S  =:  .00005, 
e  =  96.  Through  the  poinu  B  =  20  in  oz,  and  c  =  96  in  oy,  draw*  <^-20  to  cut 
curve  .00006.  n  (»  .03)  is  found  by  means  of  the  radial  lines  nMr«st  to  the  in- 
tersection, d. 

3d.  Having  8,  n  and  0,  to  find  B.  For  example  let  8  =-  .00006,  n  =  .03. 
c  s=  96.  Find  curve  .00005  and  radial  line  n  =  .03.  From  their  intersection  d 
draw  d-Vi  through  the  point  eshowing  c  =  96.  Its  intersection  with  oz  shows 
the  reqd  B,  20  in  this  case. 

•  Instead  of  rfronfln^tbew  lines,  we  mnj  use  a  line  black  thread  with  a  loop  at  one  end.  Drive  a 
needle  either  into  one  of  the  poiuta  R  or  into  one  of  the  interseotlon*.  d  etc.  Slip  the  loop  orer  the 
needle.  The  other  end  of  the  thread  1^  held  between  the  floKem,  and  the  thread  is  made  to  cut  the 
other  poiau  as  reqd.  The  diagram  should  lie  perfectly  flat,  and  the  string  be  drawn  tight  at  each  oh* 
serration.  In  order  that  rrietion  between  string  and  paper  maj  not  prevent  the  string  from  formings 
straight  line.  Or  the  free  end  of  the  string  maj  rest  on  a  pamphlet  or  other  otject  about  H  inch  thick, 
to  keep  the  string  clear  of  the  diagram.  SpeoUl  oare  must  then  be  taken  to  have  the  eye  perp  ever 
Ike  point  observed. 
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4tb.  Having  B,  e  and  n,  to  find  S.  For  example  let  B  —  20  ft^  c  —  96, 
»  —  .03.  Through  R  —  20  and  c  —  96  draw  rf-20.  8  (.00005)  is  found  by  means 
of  the  curves  nearest  to  the  point  d  of  intersection  of  d--20  with  radial  line 
»— .03. 

The  following  addition  to  Sutter's  diagram,  proposed  t»7Mr  Rudolph  Bering, 
Civil  and  Sanitary  i&ngineer,  Philadelphia,*  enables  us  to  read  tlie  Teloc- 
ity fVom  the  diayrnm. 

Find  the  sq  rt  of  the  reciprocal  of  each  slope  to  be  embraced  in  the  diagram 

,   , ,^    ,  . :?  .    Lay  off  these  sq  rts  on  the  right  of  oy,  using 

j  slope  per  unit  of  length         ^  ^  »  y»         & 

the  scale  of  o  already  laid  off  on  its  left.    In  our  fig  we  have  so  proportioned  the 

two  scales  that  — i— z=z— -  —  — 3— •    Mark  the  dividing  points  with  the  slopei 

1/recip  of  8         ^ 
per  unit  0/ lens^. 
On  OS  lay  off  the  vels  to  be  embraced  in  the  diagram,  using  the  scale  of  sq  rts 

of  R  already  laid  off  on  oz,  and  making —  — 

1/E      1/recip  of  8 

Ist.  Having  R,  8  and  n ;  to  And  V.  For  example  let  R  —  20  ft,  8  —  .00005. 
•  —  .03.  From  R  —  20  draw  d-20  to  the  intersection  d  of  curve  .00005  with  radial 
line  n  — .03.  d-20  cuts  oy  at  e,  where  c  —  96.  With  a  parallel  ruler  join  R 
—  20  with  S  —  . 00005  on  oy.  Draw  a  parallel  line  through  c  —  96.  It  cuts  o«  at 
m,  giving  the  reqd  vel,  3.03  ft  per  sec. 

2d.  Having  R,  8  and  v;  to  find  n.  For  example  let  R  —  20  ft,  8  —  .00005, 
»—  3.03  ft  per  sec.  With  a  parallel  ruler  join  R  —  20  and  slope  .00005  on  oy. 
Draw  a  parallel  line  through  v  —  3.03.  It  cuts  oy  at  «,  where  0  =  96.  Through 
R  —  20  and  e  —  96, draw  d-20  to  cut  curve  .00005.  The  point  d  of  intersection, 
being  on  radial  line  n  *-  .03,  shows  .03  to  be  the  proper  value  of  n. 

Any  line  drawn  to  the  curves  from  B  —  3.28  ft  or  1  metre,  is  one  of  the  radial 
lines  used  in  making  the  diagram.  It  therefore  necessarily  cuts  all  the  slope 
turves  at  points  showing  the  same  value. of  n. 

3d.    Having  S,  n  and  v;  to  find  B.    For  example,  let  8  —  .00006,  n  ->  .08. 

V  -=  3.03  ft  jper  sec.  Asmme  a  value  of  B,  say  10  ft.  Find  curve  .00005  and  radial 
line  n  —  .03.  Join  their  intersection  d  with  B  *-  10  ft.  The  connecting  line  cute 
oy  at  c  —  82.  With  a  parallel  ruler  Join  c  »  82  with  v  ->  3.03.  Draw  a  parallel 
line  through  slope  -»  .00005  on  oy.  It  cuts  oc  at  B  >—  27.3,  showing  that  a  new 
trial  is  necessary,  and  with  an  assumed  B  greater  than  10  ft. 

If  B  thus  found  is  the  same  as  the  assumed  one,  the  latter  is  correct.    If  they 
are  nearly  equal,  their  mean  may  be  taken. 
4tli.    Having  B,  n  and  v ;  to  find  S.    For  example,  let  B  —  20  ft,  n  —  .08, 

V  —  3.03  ft  per  sec.  Atsume  a  slope  (sav  .0001).  Find  its  curve,  and  radial  line 
n  a=  .03.  Join  their  intersection  with  6  =—  20.  and  note  the  value  (89)  of  c  where 
the  connecting  line  cuts  oy.  With  a  parallel  ruler  join  c  —  89  with  v  —  3.03. 
Draw  a  parallel  line  through  B  >«  20.  It  cuts  oy  at  slope  .000058,  showing  that 
a  new  trial  is  necessary,  and  with  an  assumed  S  flatter  than  .0001.  If  B  is  3.28 
ft,  or  1  metre,  the  diagram  gives  the  correct  S  at  the  first  trial,  no  matter  what 
S  was  assumed  at  starting,  with  any  other  R,  if  the  diagram  gives  the  same  8 
as  that  assumed,  the  latter  is  correct.  If  the  two  differ  but  slightly,  we  may  take 
their  mean, 

•  TrmiUMtionB  of  tbe  Aaeriean  Society  of  Cirll  IngtaeeN.  Janaarj  1179. 
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VELOCITIES   IN   SEWERS. 


Table  of  vela  In  Circular  Brick  Sewers  when  runniiig  taU.  by 
Sutter's  formula,  but  taking  n  at  .015  instead  of  his  .013,  in  consldenition 

of  the  rough  character  of  sewer  brickwork  generally. 

Wlien  runnlnRr  only  iialf  fnll  the  vel  will  be  the  same  as  when  full, 
but  this  is  not  the  case  at  any  other  depth  whether  greater  or  less.  At  greater 
ones  it  increases  until  the  depth  equals  very  nearly  .9  of  the  diam,  when  it  if 
about  10  per  cent  greater  than  when  either  full  or  half  full.  From  depth  of  .9  of 
the  diam  the  vel  decreases  whether  the  depth  becomes  greater  or  less.  At  depth 
of  .25  diam  the  vel  is  about  .78  of  that  when  full ;  and  then  diminishes  much 
more  rapidly  for  less  depths.    All  this  applies  also  to  pipes. 

The  vel  for  any  fall  or  diam  intermediate  of  those  in  the  taMa  can  be  found  b| 
simple  proportion.  OriginaL 


in  ft 

St 

mile. 

2 

8 

4 

6 

8 

12 

16 

20 

vSoa, 

Tdooltles  la  ftet  »er  fl 

eMM4. 

.1 

.19 

.27 

.36 

.60 

.64 

.89 

1.10 

1.34 

-JSSS 

.2 

.80 

.42 

.53 

.74 

.93 

1.26 

1J56 

1.84 

.4 

.46 

.66 

.80 

1.08 

1.39 

1.81 

2.20 

2.60 

.0076 

.6 

.69 

.81 

1.00 

1.35 

1.70 

2.22 

2.70 

3.18 

.0114 

.8 

.69 

.96 

1.17 

1.57 

1.94 

2.66 

8.08 

3.60 

.0161 

1.0 

.79 

1.07 

1.82 

1.77 

2.16 

2.84 

8.43 

8.96 

.0181 

1.25 

.89 

1.21 

1.49 

1.98 

2.42 

3.17 

3.8 

4.6 

.02W 

1.60 

.98 

1.33 

1.64 

2.18 

2.64 

3.6 

4.2 

4.9 

.0284 

1.75 

1.06 

1.44 

1.78 

2.34 

2.85 

3.8 

43 

6.3 

.0B81 

2.0 

1.16 

1.66 

1.91 

2.53 

3.1 

4.0 

4.8 

6.6 

.0879 

2.5 

1.32 

1.78 

2.18 

2.85 

3.6 

4.6 

5.4 

6.3 

.0478 

3.0 

1.44 

1.94 

2.38 

3.2 

3.8 

5.0 

6.0 

6.9 

.0668 

8.5 

1.58 

2.10 

2.58 

3.4 

4.1 

5.3 

6.6 

7.4 

.0662 

4. 

1.68 

2.2 

2.7 

3.6 

4.4 

6.7 

6.9 

7.9 

.0768 

5. 

1.90 

2.6 

8.t 

4.1 

4.9 

6.3 

7.6 

8.7 

.0947 

6. 

2.06 

2.7 

3.3 

4.4 

5.4 

6.9 

8.8 

9.6 

.1136 

7. 

2.2 

3.0 

3.6 

4.8 

6.8 

7J5 

9.0 

10.4 

.1326 

8. 

2.4 

3.2 

8.8 

6.1 

6.2 

8.0 

9.7 

11.1 

.1514 

9. 

2.5 

3.4 

4.1 

6.4 

6.6 

8.6 

10.3 

11.8 

.1708 

10. 

2.7 

8.5 

4.3 

6.7 

6.9 

9.0 

10.8 

12.6 

.1894 

12. 

2.9 

3.9 

4.8 

6.3 

7.6 

9.9 

11.9 

13.6 

,2278 

15. 

3.3 

4.4 

6.4 

7.1 

8.5 

11.0 

13.3 

16.3 

.2841 

18. 

3.6 

4.8 

6.9 

7.7 

9.3 

12.1 

14.6 

16.7 

,3409 

21. 

3.9 

6.1 

6.3 

8.4 

10.0 

13.0 

16.7 

17.9 

.8975 

24. 

4.2 

6.6 

6.8 

8,9 

10.8 

13.9 

16.8 

19,2 

.4646 

27. 

4.6 

6.9 

7.2 

9.6 

11.4 

14.8 

17.9 

20.4 

M09 

80. 

4.7 

6.2 

7.6 

9.9 

12.0 

16.6 

18.8 

21.6 

.6682 

35. 

6.0 

6.7 

8.2 

10.8 

13.0 

16.8 

20.4 

23.2 

.6629 

40. 

6.4 

7.1 

8.7 

11.6 

13.9 

18.0 

21.7 

248 

.7676 

46. 

6.6 

7.6 

9.2 

12.2 

14.8 

19.1 

23.0 

26.3 

.8628 

60. 

5.9 

8.0 

9.7 

12.8 

16.5 

20.1 

24.2 

27.7 

.9470 

60. 

6.6 

8.7 

10.7 

14.1 

17.0 

22.1 

26.6 

80.3 

1.136 

70. 

7.0 

9.4 

11.5 

15.2 

18.4 

23.9 

28.5 

82.8 

1.326 

80. 

7.4 

10.1 

12.3 

16.2 

19.7 

26.5 

31.0 

86.0 

1.615 

90. 

7.9 

10.7 

13.1 

17.2 

20.9 

27.0 

32.3 

37.1 

1.706 

100. 

8.4 

11.8 

13.8 

18.2 

22.0 

28.6 

84.1 

89.1 

1,894 

A  vel  of  10  tt  per  see  =-  600  ft  per  minute  =  36000  ft,  or  6.818  mUes  per 
hour.  About  6  ft  per  sec  is  as  great  as  can  be  adopted  in  practice  to  prevent  the 
lower  parts  of  the  sewers  firom  wearing  away  too  rapidly  by  the  debris  cairied 
along  by  the  water. 
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U  S3.   The  rate  at  wltieli  rain  water  reaelftes  a  sewer  or 
-t,   etc.     Bnrklt-Zteirler    Formula.     See   *'Euro^ii   Sewerage 


MS,"  by  Eudolph  Heriog,  C.  E.,  iu  Trans.  Am.  Soc.  C.  E.,  Kor.  1881. 

d  lEf/  ^  ^^^^  -^^-  <^"^-  f'-  ^^  rainfall        4  /A  v.  slope  of  around 

reach    "   according    X  pt)r second  per  aere,  x\ j^^J^^  per  1000  ft. 
lewer"      to  judgment         during  heaviest  fall.  \  No.of  acres  dra/ned 

efficient,  for  paved  streets,  0.75 ;  for  ordinary  cases,  0.625 ;  for  suburbs 

gardens,  lawns,  and  macadamized  streets,  0.S1. 

B  that  1  iuch  of  rainfall  per  hour  may  be  taken  as  equivalent  to  1  cubic  foot 

cond  per  acre.    See  Conversion  Tables,  pp.  236,  etc. 

Ample.    If  an  area  of  8100  acres  (nearly  5  square  miles),  with  an  average 

)f  5Teet  per  1000  feet,  receives  a  maximum  raiufall  of  3  inches  per  hour, 

assuming  a  coefficient  of  0.5,  the  rare  at  which  the  water  would  reach  the 

I  of  a  sewer  at  the  lower  end  of  th^  3100  acres  would  be 

3X  -IZ-gT^pg-  =f  0.6X3  X  0.208 -0.805  cubic  feetpersecosd  per  acre  J 

•5  X  3100  =>  945.5  cubic  feet  per  second,  total. 

the  grade  of  the  intended  sewer  be  say  4  feet  per  mile;  and,  to  avoid 
ive  wear  of  its  brickwork  by  debris  swept  along  by  the  water,  let  its 
y  be  limited  to  6.3  feet  per  second,  which  may  be  permitted  on  occasions 
I  as  rains  of  8  inches  per  bonr,  although,  for  tolerably  constant  flow,  where 
bo  debris,  it  should  not  exceed  about  5  feet  per  second. 
I,  in  table  opposite,  the  diameter,  14  ft.,  corresponding,  as  nearly  as  may 
a  velocity  of  6.3,  and  to  a  grade  of  4  feet  per  mile.  The  area  is  154 
feet.  Hence,  154  X  6.8  ^  970  cubic  feet  per  second  =  capacity  of  sewer, 
w  for  deposits  in  the  sewer,  make  the  diameter  say  14.5  or  15  feet. 
»le  of  least  Teloelttes  and  i^rades  for  draln-ptpes  and 
rs  In  cittest  in  order  that  they  may  under  ordinary  circumstances  keep 
'Ives  clean,  or  free  from  deposits.     (Wicksteed.) 


Orad«. 

Grade. 

Diam. 

Vel.  in  ft. 

Grade, 

Feet  per 

Diam. 

Vet.  In  ft. 

Grade, 

Feet  per 

laches. 

per  MiD. 

lift 

MUe. 

in  Inohea. 

per  Min. 

lin 

Mite. 

4 

MO 

86 

146.7 

18 

180 

294 

18.0 

6 

J20 

66 

81.2 

21 

180 

843 

15.4 

7 

220 

76 

69.5 

24 

180 

892 

1S.5 

8 

220 

87 

60.7 

SO 

180 

490 

10.8 

9 

220 

98 

5S.9 

86 

180 

588 

9.0 

10 

210 

119 

14.4 

42 

180 

686 

7.7 

11 

200 

145 

86.7 

48 

18D 

784 

6.8 

IJ 

190 

176 

S0.1 

54 

180 

SH-i 

6.0 

15 

180  ■ 

244 

21.6 

60 

180 

980 

5.4 

igrlit  per  foot  run  of  arlased  terra  cotta  pipes  for  drains,  etc: 
s  per  foot  run  adopted  Tby  the  United  Sewer  Pipe  Makers  of  the  United 
March,  1887.    For  discounts,  see  Price  List. 


»rain  pipe,  with  socket  joint 

Sewer  pipe,  with  sleeve  joint 

Wt 

Price 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

lbs 

« 

ins 

lbs 

S 

ins 

lbs 

« 

ins 

lbs 

S 

4 

0.14 

6 

18 

0.30 

15 

45 

1.25 

30 

150 

5.60 

7 

0.16 

8 

22 

0.45 

18 

65 

1.70 

86 

195 

7.00 

10 

0.20 

10 

30 

0.65 

21 

89 

2.50 

42 

203 

8.50 

12 

0.25 

12 

88 

0.85 

24 

100 

8.25 

48 

230 

10.50 

oints  are  filled  with  cement  mortar;  or.  when  used  for  drainage  only, 
iy.     Drain  pipes  (:{ to  12  ins  bore)  are  about  {  inch  thick.    A  bend  or 

costs  about  as  much  as  from  3  to  5  feet  of  pipe.    The  48-iuch  pipes  are 

ins  thick. 

24.  iriien  tbe  area  of  eross  section  of  channel  Is  re- 
1  at  any  point,  as  by  a  dam  (Fig  33,  p.  576)  or  by  narrowing  it,  either 
des  (Fig  32)  or  by  placing  In  it  a  pier  etc.  Fig  84;  a  portion  at  least  of 
e  of  ffrav  f  which  would  otherwise  be  giving  vel  to  the  water  up-stream 
le  point  wnere  tbe  obstruction  takes  place),  cAnsei  pressure  against  the 
s.    Thia  pres  maintains  the  up-stream  water  at  a  niflrher  (eV^M^  it 
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woald  otherwise  bave.  8aid  water  is  then  practically  in  a  raserToir;  <  e,  It  baa 
less  vel  and  greater  pres  than  before.  If  the  reservoir  has  no  outlet,  there  is  •• 
vel ;  and  all  of  the  head,  or  force  of  gray,  acting  on  the  water  is  expended  in prM, 

But  if  there  is  an  outlet,  as  over  the  dam,  or  between  the  piers  etc,  a  portion 
CO,  Figs  81.  33,  34,  of  this  pres  or  head.  Is  expended  in  giving  vel  (or  an  accelera- 
tion of  vel)  to  the  water  escaping  by  that  outlet;  after  which  only  so  much 
head  (in  the  shape  of  surface  slope)  is  needed  as  will  overcome  the  resistances 
of  the  channel  aown-stream  from  the  obstruction,  and  so  maintain  uniform  the 
velffiven  to  tho  water  by  the  head  co. 

Where  a  large  canal,  such  as  those  intended  for  navigation,  is  fed  f^om  a  reaer« 
Toir,  the  fall  co  in  feet  is  approximately 

■■  mean  velocity*  in  canal,  in  feet  per  second,  X  ^17  j 

and  in  smaller  canals,  such  as  mill  courses, 

=  mean  velocity*  in  canal^  In  feet  per  second,  X  '02. 

The  abrui^ness  of  the  fall  may  be  diminished  bv  rounding  off  or  sloi^ng  the 
edges  of  the  piers,  or  the  corners  at  the  sides  of  the  tbannel  (Fig  32)  or  the 
approach  to  the  dam 

Fig  33  is  a  cross  section  of  Clen**  dam,  across  Cape  Fear  Biver,  N.  C.  It 
is  from  measurements  made  by  Ellwood  Morris,  G  E;  by  whom  they  were  com- 
municated to  the  writer.  The  dam  is  of  wooden  crlbwork ;  and  its  level  crest, 
S  ft  5  ins  wide,  is  covered  with  plank ;  along  which  the  water  glides  in  a  smooth 
sheet,  6  ins  deep,  (at  the  time  of  measurement).    At  the  upper  end  of  thiM 

•heet,  and  in  a  dist  of  about  2  ft,  a  head  co  of  9  ins  forms  itself,  as  in  the  fig. 
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L  35.  B^Otir.  In  a  efaMiii«l  of  nnllbmi  and  constant  slope  and  erAes 
1,  the  vel  of  the  particles  of  water  immediately  adjoining  tb«  bottom  and 
8  very  slight;  and  but  little  scouring  takes  place.  But  when  irregular- 
1  the  slope  or  cross  section  occur,  as  iu  the  last  article,  the' scour  is  greatly 
sed  in  their  immediate  neighborhood. 

erection  of  one  or  two  piers  in  a  quite  large  stream,  will  frequently  pro- 
n  almoftt  incredible  amount  of  scour,  if  the  bottom  is  at  all  of  a  yielding 
t.  The  greatest  scour  of  course  takes  place  during  freshets ;  and  near  the 
ction. 

nrloir  action  Is  supposed  to  be  as  sqilfure  of  vel. 

ding  to  Smeaton,  a  rel  of  8  milei  an  hoar  will  not  deruge  qaarrj  rabble  ■tonM,  sot  tme* 
a  cub  ft,  depoMted  around  pien,  ke ;  except  by  washing  the  eoil  from  under  them. 
1  inch  per  eec.  =  5  ft  per  min.  =  .056818  of  a  mile,  or  300  ft  per  boor. 
1  foot  per  sec,  =  60  ft  per  min.  =  .681816  of  a  mile,  or  S600  ft  per  hour. 

redaee  Indies  per  see^  to  feet  per  minute,  multiply  by  5. 

"  "        "         •«       "  ««     hour,  "  «•    300. 

"  "  "       "       to  milea  per  hoar,  divide  by  17.6. 

atte  pm- hovr  =r  88  nper  aia  =  LMC7  fl»  or  IT.a  las  per  MO. 

»  two  following:  tables  are  (with  many  corrections)  from  Nicholson^s 

!ture :  and  muet  be  looked  upon  merely  as  probable  approximations.  They  suppose  the  piers, 
e  properly  rounded  or  pointel  at  their  upstream  ends,  so  as  to  give  as  free  a  passage  as  pos- 
the  water.  He  says  that  if  they  are  square-ended,  the  head  will  be  increased  about  50  per  ot. 
ijeet  is  an  extremely  intricate  one,  and  admits  of  no  precise  solntion.  If  the  increased  rel 
way  the  bottom  until  the  area  of  water-way  beoooMS  as  great  as  it  originally  was,  the  head 
trs ;  and  the  vel  also  becomes  reduced  to  its  original  rate.    Thia  is  aonuaon  in  soft  bottoms. 

LK  Of  lieads  pvodoced  by-  obstmetlons  to  streaoHk 


Kind  of  Bottom 
which  begins  to 
wear  away  nnder 
Bottom  Vel.  equal 
to  those  in  the 
first  three  cols. 


Froportioii  of  Area  of  original  Water-waj, 
ooonpied  bj  the  ObBtnotiAHi* 


Head  of  Water  produced  at  the  OhstmofcleBa  \  in 
Feet 


Ooce,  and  Mnd. . 

Clay 

Sand 

Grarel 

Small  Shingle... 
Large       " 
SoftShlfltus...., 
Stratified  Rooks. 
Hard  Rocks 


.ooos 

.0004 

.0004 

.000(1 

.001 

.0014 

:15s 

.ooor 

.0011 

.0014 

.0017 

.002S 

.004 

.0058 

.0267 

.0045 

.0056 

.0069 

.0091 

.015 

.0J81 

.0682 

.1069 

.0182 

.0325 

.0276 

.0S64 

.060 

.0924 

.2128 

.4276 

.0409 

.0507 

.0621 

.0619 

.135 

.2079 

.4788 

.9621 

.0728 

.0902 

.1104 

.1456 

.240 

.3896 

.8412 

1.710 

.1137 

.1410 

.1725 

.2275 

.375 

.5775 

1.320 

2.672 

16.S8 

.2030 

.2484 

.3276 

.540 

.8316 

1.915 

3.818 

.4550 

.5640 

.6901 

.9109 

1.50 

2.310 

5.880 

10.69 

.<n«t 

.66M 
.1686 

f.«a 

2.326 
4.1U- 
6475 
9.S(M 
25.9 


BIjE  Increased  Teloeltles  produced  at  and  by 

ded«  or  pointed  obstrnctlous.   If  square,  these  rels  must,  accord^ 
Nicholson,  be  increased  ^  part. 


al  Vel. 
■eam.» 

Proportion  of  Area  of  Waterway,  occnpied  hy  the  Obstmotiona. 

i^   1    A   1     }     1     i     1     i     1     J     1     i     1     f     1     1 

Per 

Hour. 

MUes. 

Velocity  produced  at  the  Ohstmction  in  Feet  per  Second. 

J70 

.28 

.29 

.30 

.32 

.35 

.394 

.52 

.7 

1.06 

.341 

.56 

.58 

.60 

.64 

.70 

.788 

1.06 

1.4 

2.1 

.681 

1.18 

1.16 

1.20 

1.26 

1.40 

1.68 

2.1 

2.8 

4.2 

1.36 

2.27 

3.33 

2.40 

2.52 

2.80 

3.16 

4.2 

5.6 

8.4 

2.04 

3.89 

3.48 

S.6Q 

3.78 

4.30 

4.74 

6.3 

8.4 

12.6 

2.72 

4.54 

4.66 

4.80 

5.04 

bM 

6.32 

8.4 

11.3 

16.8 

3.41 

5.60 

5.80 

6.00 

640 

7.00 

7.88 

10.5 

14.0 

21.0 

4.09 

6.78 

6.96 

7.20 

7.56 

8.40 

9.48 

12.6 

168 

26.2 

6.81 

n.8 

11.6 

13.0 

12.6 

14.9 

16.8 

21.0 

26.0 

4X0 

ry  vagne  expresaien.   Dees  it  nt^r  to  the  greatest  snrfkoe  vel  at  mid-ohaanel ;  er  to  the  meaa 
e  entire  oross-seetton  7  -^  r^  \ 
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Art*  26.  Tlie  resistanae  of  water  afrainst  a  fiat  snrfaee  mav- 
ing  tbroovh  It  at  ri^rbt  auirles,  is  nearly  as  the  squares  of  the  vel ;  and, 
according  to  Uutton,  its  amount  in  fi>8  per  s^  ft  approx  a  Souare  of  vel  in  ft  per 
sec.  Or  like  the  pres  of  a  ranntnip  stream  against  a  perp  fixed  flat 
jurfaee,  it  ii=wt  of  «  col  of  water  wbote  baae=preMed  tarf,  and  wboae  ht=Iiead  due  to  the  t«1 

The  rMiet  of  a  sphere  U  to  that  of  ita  great  eirole  about  a«  1  to  2.9. 

When  the  moving  eurf.  tnataad  of  beiog  at  right  aogles  to  the  direotton  In  vbMi  It  morea.  fonu 
aDOther  angle  with  it,  the  resiatanee  beoomes  lesa  in  about  the  following  proportions.  Therefore, 
when  the  sarf  is  inolined,  flrat  calculate  the  resistance  as  if  at  right  angles :  and  then  mult  bj  the 
Allowing  decimals  epposite  the  angle  of  inclination : 


80°.. 

..1.00 

60°.. 

.  .88 

40O.. 

.  .68 

20O.. 

.  .16 

80  .. 

..  .W 

55  .. 

.  .88 

35  .. 

.  .46 

16  ... 

.  .10 

to  .. 

..  J6 

60  .. 

.  .76 

80  .. 

.  M 

10  .. 

.  .06 

66  .. 

..  M 

«5  .. 

.  .68 

26  .. 

.  .24 

5  ... 

.  .02 

Tbe  seoar,  or  abrading  power  of  movlBff  Water  is  considered  to 

te  as  the  suiuare  of  ita  t«1. 

Art.  27.    To  ealcnlate  the  horsepower  of  fkllliHr  water,  on 

the  ordinary  assumption  that  a  horse-power  i)>  equalto  33000  %»  lifted  1  foot  rertper  min.    That  of 


average  horsed  is  really  but  about  H  u  mnch,  or  22000  lbs,  t  fbot  Mgh  per  mth.  If  nit  tog«Ai«r  the 
number  of  cub  ft  of  water  which  fall  per  min  ;  tbe  vert  height  or  head  in  feet,  throogh  which  It  fall*; 
•ad  the  number  62.3,  (the  wt.  of  a  onb  ft  of  water  in  lbs :)  and  div  the  prod  by  SSOOOT  Or,  by  formula, 


euh  ft  ^  vert  ^  lb* 
Th»nwnb0rof^  p0rptin  "^  heigJUin/t  ^  62.3 
*ors..iH>«Mr.         ^^ 

Mx.  OverafU116rtlm^Mrt  li«isht,eOOoab(torira««r  arAdlMbd  HT  arfa.  HowaaaylMnt 
powcM  does  the  fall  alford  7 

•nbfl      ft        Bks 

Water-wheels  do  not  reallce  all  the  power  inherent  In  the  water,  as  found  by  ovf 
rule.  Thus,  nndersaots  realise  but  from  ^  to  ^ ;  breast-wheels,  }i ;  overshou,  from  Hto^ii  tnr- 
blnas.  H  to  .86  of  It ;  acoording  to  the  skill  of  design,  and  the  perfeeuon  of  workmanship.  Bven  when 
the  wheel  revolves  in  a  olose-fltting  casing,  or  breast,  elbow  buckets  give  considerably  more  power 


hinas,  H  to  .86  of  It ;  acoording  to  the  skill  of  design,  and  the  perfeeuon  of  workmanship.  Bven  when 
the  wheel  revolves  in  a  olose-fltting  casing,  or  breast,  elbow  buckets  give  considerably  more  power 
than  plain  radial  or  center- bnokeu.  Of  the  power  aetually  received  1^  a  wheel,  part  ts  expended  la 
fkietion,  Ac ;  while  the  remainder  does  the  u»^id  or  p^/iim  net  work  of  raising  water,  griadlag 
grain,  aawUt^  te. 

ObserTatlons  by  Ctenl  Haapt,  in  1866,  gave  the  following  results  for  a 
mall  bydraalie  ram.  Head  of  water  to  ram  =:  8.812  ft ;  diam  of  drive-pipe  » 
IMins:  length  16  ft.  Dlam  of  delivery  pipe  -  H  inch;  length  200  ft.  Tert  height  to  which  th« 
water  was  raised  by  the  delivery-pipe.  63.4  feet.  Strokes  of  ram  per  min,  170.  Quantity  of  water 
which  worked  the  ram  =  768  onb  ins,  =:  3.31  galls,  =  27.73  lbs  per  min.    Quantity  raised  &.i  ft  hlfb 

Ibswatsr       ft  ft.lto 

per  nln,  =  48  onb  ins,  =  1.796  lbs.    Hence  the  power  expended  per  mla,  was  27.78  X  8.812  =  244J6. 

Bm  water       ft  ft-Bks 

▲ad  the  oaefai  effect,  was  1.736  X  63.4  =  110.06.    Henee  the  ratio  which  the  utefui  igtit  bears  to  tbe 

power  in  this  Instaaee,  Is  -^tts*  ^^  '^'  '^^  mettud  powtr  ot  the  ram  is,  howerar,  greater  than  this, 
Inasmuch  as  it  haa  to  overeome  the  frietlen  of  the  water  along  Um  dellvwry-plpe.* 

To  find  the  horse-power  of  a  mnnlnff  stream.    Water-wheels 

WUii  staple  float-bosrds.t  Inatsaoof  booketa,  are  sometimes  driven  br  the  mere  foroe  of  the  ordinary 
BStnnu  current  of  a  stream,  without  any  apprecisble  fall  like  that  In  the  foregoing  cane.  In  such 
•aaea,  we  must  substitute  the  vkituU  or  (Asorecfe  head ;  which  Is  that  whlota  woOld  impart  to  ti  itai 
same  vel  which  it  actually  haa.  Thia  virtual  head  may  be  taken  at onoe  from  Tabic  p.639.Thna,  a 
atream  haa  a  vel  of  2.386  miles  per  hour :  or  210  ft  per  min ;  or  S><  ft  per  sec ;  and  in  the  column  of 
heads  in  Table  10,  opposite  to  3.6  vel  per  sec,  we  Bud  the  reqd  head  .liM  of  a  ft.  Having  thus  found 
the  head,  we  must  now  And  tbe  quanUty  of  water  which  passes  any  given  area  of  tbe  stream  In  a 
min.  Thus,  suppose  that  the  (nHnersecT part  of  a  Boat  when  vert  la  6  ft  long,  and  1  ft  wide  or  deep ; 
then  the  area  of  this  part  which  receives  the  force  of  the  current,  la  6  X  1  =  6  aquare  feet.    Henea, 

6  aq  ft  X  210  =  1060  cub  ft  per  min.  Having  now  the  cub  ft  per  min,  and  the  vert  height  or  head, 
the  number  of  horae-powera  of  the  ttream  of  the  given  area,  is  found  by  the  foregoing  rale,  or  forAnla. 

*  A  eommlttee  of  tbe  Franklin  Institute,  in  1860,  gave  .71  as  the 

ooefDoient  for  a  ram  at  the  Girard  College,  in  which  the  dlam  of  drive-pipe  waa  iH  Ins :  iu  length, 
160  ft ;  fall,  14  ft.  Delivery- pipe,  1  inch  dlam ;  2260  ft  long ;  vert  rise,  or  height  to  which  the  water 
was  raised.  93  ft.  No  details  of  the  experiment  are  given.  Some  large  rams  la  Pranoe  give  a  «m^^ 
•feet  of  f^om  .6  to  .66  of  the  whole  power  expended.  It  is  an  exedlent  machine  for  many  pnrpoaM ; 
and  in  sometimes  used  for  fllUog  railway  tanks  at  water  stations. 

t  Sncb  wheels,  for  floatlns:  mills.  In  Europe,  rarely  exceed  15  ft 

dlam.  Whatever  the  diam,  they  may  have  about  18  to  20  floats.  The  floats  are  from  8  to  16  ft  long; 
•od  about  ^  to  j^^  as  deep  as  the  diam  of  the  wheel.  They  should  not  dip  their  entire  depth  Into 
the  water,  but  nearly  so.  Tbey  should  not  be  In  the  same  straight  line  with  the  radii ;  but  ahoold 
incUoe  from  tbem  30°  up  atream,  to  produce  their  full  eflTect.  All  theae  remarka  apply  to  wheels 
moving  freely  in  a  wide  or  Indeflnite  channel ;  as  In  the  ease  of  a  floating  arill,  bnlH  on  a  eeew,  and 
anchnrril  out  in  a  stream :  but  not  to  wheels  for  which  the  water  is  dammed  up,  aad  aota  with  a  prae- 
tical  fall.  No  great  exactness  is  to  be  expected  In  rules  on  this  subject.  The  beat  vel  for  the  wheel 
Is  about  .4  that  of  the  stream. 
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But  in  practice  the  v)heeU  actually  realize  but  about  0.4  of  this  power  (^ 
the  gtream.  Therefore,  the  actual  power  of  our  wheel  will  ho  hiu  .877  x  .4  =* 
0.1508  of  a  horse  power;  or  33000  X  .1508-4976  ft-lbs  per  minute.  Making 
a  rough  allowance  for  the  friction  of  the  machine  at  its  journats,  &c,  we 
should  have  about  4400  ft-lbs  of  useful  power  per  minute  ;  that  is,  the  wheel 
would  actually  raise  about  440  Ihs  10  ft  hi^rh  ;  or  44  fbs  100  ft  high,  &c,  pel 
min.  The  vel  of  the  stream  must  not  be  measured  at  the  surface:  but  at 
about  ]4  of  the  depth  to  which  the  floats  are  to  dip,  or  be  immersed.  This, 
however,  is  necessary  chiefly  in  shallow  streams,  in  which  the  depth  or 
the  float  bean  a  considerable  ratio  to  that  of  the  water. 

Tliis  power  of  tk  rnnnlnir  stream,  (for  any  viven  area  of 
transverse  section.)  Increases  as  the  cnbesof  tbe  vols;  for,  as 
we  have  seen,  the  power  in  ft-lbs  per  min  is  found  by  mult  together  the 
weight  of  water  which  passes  through  the  section  in  a  min,  and  the  virtual 
head  in  ft ;  and  since  tnis  weight  increases  as  the  vel,  and  this  head  as  the 
square  of  the  vel,  the  prod  of  the  two  (or  the  power)  must  be  as  the  cube 
of  the  vel.  Therefore,  if  the  vel  in  the  foregoing  case  had  been  10.5  ft  per 
sec,  or  3  times  3.5  ft,  the  power  of  the  wheel  would  have  been  27  times  m 
great,  or  .1508  X  27  =  4.07  norse  powers. 
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I>RBi>oiNG  is  generally  done  by  Bkilled  contraotoniwho  own  the  requMts  niAchinef!, 
icows  or  lighters,  &c ;  and  who  make  it  a  specialty.  It  is  necessary  to  specify  wbeth«r 
the  dredged  material  is  to  be  measured  in  place  before  it  is  loosened:  or  after  being 
deposited  in  the  scow :  because  it  occupies  more  bulk  after  being  dredged.  It  wm 
found,  in  the  extensive  dredgings  for  deepening  the  River  8t  Lawrence  through  the 
Lake  of  St  Peter,  that  on  nn  average  a  cub  yd  of  tolerably  stiff  mud  in  place,  makee 
1.4  yds  in  the  scow ;  or  1  in  the  scow,  makes  .716  in  place.  Also  stipulate  whether  the 
removal  of  bowlders,  sunken  trees,  kc,  is  to  constitute  an  extra.  These  oftira  require 
sawing  and  blasting  under  water.  The  cost  per  cub  yd  for  dredging  vairiee  mnch 
l^h  the  depth  of  water :  the  quantity  and  character  of  the  material :  the  diet  to  which 
it  has  to  be  removed ;  whether  it  can  be  at  once  discharged  fh>m  the  machine  t^ 
means  of  projecting  side-shoots  or  slides ;  or  mnst  be  discharged  into  scows,  to  be  re- 
moved to  a  short  dist  by  poling,  or  to  a  greater  dist  by  steam  tugs;  whether  it  can  be 
dropped  or  dumped  into  deep  water  by  means  of  flap  or  trap  doors  in  the  bottom  of 
the  hoppers  of  the  scows ;  or  mnst  be  shovelled  from  the  scows  into  fhcUloto  water,  (at 
lay  4  to  8  cts  per  yd ;)  or  upon  land,  (at  say  ftrom  6  to  10  or  20  cts  for  the  shovelling 
alone,  or  shovelling  and  wheeling,  as  the  case  may  be ;)  whether  much  time  mast  be 
consumed  in  moving  the  machine  forward  frequently,  as  when  the  excavation  to 
narrew,  and  of  but  Tittle  depth ;  as  in  deepening  a  canal,  Ac ;  whether  many  bowh 
ders  and  sunken  trees  are  to  be  lifted ;  whether  interrtiptions  may  occur  ftt>m  wavee 
in  storms ;  whether  fuel  can  be  readily  obtained,  Ac,  Ac.  These  considerations  may 
make  the  cost  per  cub  yd  in  one  cnse  from  2  to  4  times  as  great  as  in  another.  The 
actual  cost  of  deepening  a  ship-channel  through  Lake  St  Peter,  to  18  ft,  from  its  orig* 
inal  depth  of  11  ft,  for  several  miles  through  moderately  stiff  mnd,  was  14  cts  per 
cub  yd  in  place,  or  10  cts  in  the  scows ;  including  removing  the  material  by  eteam 
tugs  to  a  dist  of  about  ^  a  mile,  and  dropping  it  into  deep  water.  1lito  inclndee  re* 
pairs  of  plant  of  all  kinds,  but  no  profit.  It  was  a  favorable  case.  When  the  backets 
work  in  deep  water  they  do  not  become  so  well  filled  as  when  the  water  is  shallower, 
because  they  have  a  more  vertical  movement,  and,  therefore,  do  not  scrape  along  as 
great  a  distance  of  the  bottom.  Hence  one  reason  why  deep  dredging  costs  more 
per  yard ;  in  addition  to  having  to  be  lifted  through  a  greater  height.  Perhaps  the 
following  table  is  tolerably  approximate  for  large  works  in  ordinary  mud,  sand,  or 
gravel ;  assuming  the  plant  to  have  been  paid  for  by  the  company ;  and  that  common 
labor  costs  $1  per  day. 

Table  of  netaal  eost  of  dredirinir  ob  a  largr®  scale ;  Inelnd* 
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10  to  15 
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8.4 
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9 
7 

8 
10 


25  to  30 
80(0  35 
85  to  40 


18.2 
25.2 
86.0 


II 

18 

26 


For  towingof  the  scows  by  eteam  tugs  to  a  distance  of  Kmlle,  and  dropping 
the  mud  into  deep  water,  add  4  cts.  per  yard  in  the  scow  ;  for  }4  mile,  6  cts. ; 
for^  mile,  8  cts. ;  for  1  mile,  10  cts.  Add  profit  to  contractor.  On  a  small 
scale  work  is  done  to  a  less  advantage ;  and  a  corresponding  increase  must 
be  made  in  these  prices.  Also,  if  the  contractor  himself  furnishes  the 
dredgers  and  plant,  a  still  farther  addition  must  be  made.  It  is  evident 
that  the  subject  admits  of  no  great  precision.  Small  lobs,  even  in  fevora- 
ble  material,  but  in  inconvenient  positions,  may  readily  cost  two  or  three 
times  as  much  per  yard  as  the  above ;  and  in  very  hard  material,  as  in 
cemented  gravel  and  clay,  four  or  five  times  as  much  for  the  dredging.  The 
cost  of  tomng,  however,  will  remain  as  before,  if  wages  are  the  same. 

The  cost  of  dredgers,  tugs,  Ac,  will  vary  of  course  with  their  capabilities, 
strength  of  construction,  style  of  finish,  whether  having  accommodation! 
for  the  men  to  live  on  board  or  not.  &c.  When  for  use  in  salt  water,  the 
bottoms  of  both  dredgers  and  scows  should  be  coppered,  to  protect  them  from 
sea-worms ;  and  if  occasionally  exposed  to  high  waves,  both  should  be 
extra  strong.    The  most  powerftil  machines  on  the  8t.i3awren<fe  cost  about 
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$45,000  each ;  and  removed  in  10  working  hours  on  an  average  about  1800  cubic 
yards  in  place,  or  25*20  in  the  scows.  Good  machines,  capable,  under  similar 
circumstances,  of  doing  as  much,  may,  however,  be  built  for  about  $25,000 
to  130,000.  To  remove  this  quantitv  to  a  distance  or  ^  to  1  mile,  would  require 
two  steam  tugs,  costing  about  $6000  to  $10,01)0  each;  and  4  to  6  scows  (some 
to  be  loading  while  others  are  away),  holding  from  80  to  60  cubic  yards  each, 
and  costing  ftrom  $800  to  $1500  each  at  the  shop.  Scows  with  two  hoppers 
are  best.  Such  a  dredger  would  require  at  least  8  or  10  men,  including  cap- 
tain, engineer,  fireman,  and  cook :  each  tug  4  or  5  men ;  and  each  scow  2 
men.  The  engineer  should  be  a  blacksmitn ;  or  a  blacksmith  should  be 
added.  In  certain  cases  a  physiciau,  clerk,  assistant  engineer,  &c.,  may  be 
needed. 

,  Dredgers  are  often  built  on  the  principle  of  the  Yankee  Excavator,  with  but 
a  single  bucket  or  dipper,  of  from  3  +o  C  ^T^^f  r  vn--*-  "--mcity.  Hull  about  25 
by  60  feet.    Draft  3  feet.    Cylinder  a  i     :  i  imeter;  15- to  18-inch 

stroke:  ordinary  working  pressure  TjO  to  bO  Wis.  pur  .s^^uare  inch,  according 
to  hardness  of  material.  Cost  $8()00  to  812.000.  Will  raise  as  an  average 
day's  work  (10 hours)  from  200  to  500  yards  in  place,  or  liSO  to  700  in  the  scow, 
according  to  the  depth,  nature  of  the  material,  &c.  Require  5  or  7  men  in 
all  aboard,  including  cook.  Burn  }^  to  1  ton  of  coal  daily.  Tolerably  large 
bowlders  and  sunken  logs  can  be  raised  by  the  dipper.* 

When  the  material  is  hard  and  compacted,  the  buckets  of  dredgers  should 
be  armed  with  strong  steel  teeth  ]>rojecting  from  their  cutting  edges.  On 
arriving  at  such  material  every  alternate  bucket  is  sometimes  unshipped. 
By  arranging  the  buckets  so  as  to  dredge  a  few  feet  in  advance  of  the  hull, 
low  tongues  of  dry  land  may  be  cut  away  ;  the  machine  thus  digging  its 
own  channel.  The  daily  work  in  8uch  cases  v>  ill  not  average  half  as  much 
as  in  wet  soil. 

On  small  operations,  dreds^rti  worked  by  two  or  more  horses* 
instead  of  by  steam,  will  answer  very  well  in  soft  material ;  or  even  in 
moderatelv  hard,  by  reducing  the  size  and  number  of  the  buckets.  A  two- 
horse  machine  will  raise  ft'om  50  to  100  yards  of  ordinary  mud  in  place,  or 
70  to  140  in  the  scow,  per  day,  at  ftom  12  to  15  feet  depth. 

Soft  material  in  small  quantity,  and  at  moderate  oepth,  may  be  removed 
by  the  slow  and  expensive  mode  of  the  bay-scoop*  or  bay-spoon. 

This  is  simply  a  bag  6,  made  of  canvas  or  leather, 
and  having  its  mouth  surrounded  by  an  oval  iron 
ring,  the  lower  part  of  which  is  sharpened  to  form 
a  cutting  edge.  It  has  a  fixed  handle  A,  and  a 
swivel  handle  t.  One  man  pushes  the  bag  down 
into  the  mud  by  h,  while  another  pulls  it  along  by 
the  rope  g:  and  when  filled,  another  raises  it  by  the 
rope  c,  and  empties  it.    If  the  bag  is  large,  a  wind- 


lass may  be  used  for  raising  it.    The  men  may  work 
firom  a  scow  or  raft  properly  anchored.    Or  a  long- 
handled  metal  spoon,  shaped  like  a  deeply-dished  hoe,  may  be  used  by 


only  one  man ;  or  a  larger  spoon  may  be  ^ided  by  a  man,  and  dragged 
fbrward  and  backward  by  a  horse  walking  in  a  circle  on  the  scow,  «fcc.,  &c. 

Tbe  weiffbt  of  a  eublc  yard  of  wet  dredged  mud,  pure  sand,  or 
navel,  averages  about  1^  tons;  say  111  lbs.  per  cubic  foot ;  muddy  gravel, 
rail  l^^tons ;  sav  125  lbs.  per  cubic  foot.  Pure  sand  or  gravel  dredges  easily ; 
also  beds  of  shells.  Wet  dredged  clay  will  slide  down  a  shoot  inclined  at 
from  5  to  1,  to  8  to  1,  according  to  its  freedom  fW>m  sand,  &c. ;  but  wet  sand 
or  gravel  will  not  slide  down  even  8  to  1,  without  a  free  flow  of  water 
to  mid  it ;  otherwise  it  requires  much  pushing. 

♦  The  writer  has  seen  cases  in  which  a  circular  saw  for  logs  in  deep 
water  would  have  been  a  very  usef\il  addition  to  a  dredger.  It  should  be 
worked  by  steam ;  and  be  adjustable  to  different  depths.  It  would  cost  but 
about  $500. 
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A  TOLUHX  might  be  occupied  by  this  important  subject  alone.  'We  have  space  for 
•aly  a  few  general  hints ;  llMtTing  it  to  the  student  to  determine  how  tar  they  mi^ 
be  applicable  in  any  given  case.  In  ordinary  cases,  as  in  culverts,  retaining  walls, 
Jbc,  if  excavations,  or  wells,  &c,  in  the  vicinity,  have  not  already  proved  that  the  soil 
is  reliable  to  a  considerable  depth,  it  will  usually  be  a  sufBcieut  precaution,  after 
having  dug  and  levelled  off  the  foundation  pits  or  trenches  to  a  depth  of  3  to  6  ft,  to 
test  it  by  an  iron  rod,  or  a  pump-auger ;  or  to  sink  holes,  in  a  few  spots,  to  the  depth 
of  4  to  8  ft  farther ;  (depending  upon  the  weight  of  the  intended  stencture ;)  to  ascer- 
tain if  the  soil  continues  firm  to  that  distance.  If  it  does,  there  will  rarely  be  any 
risk  in  proceeding  at  once  with  the  masonry;  because  a  stratum  of  firm  soil,  from 4 
to  8  ft  thick,  will  be  safe  for  almost  any  ordinary  structure ;  even  though  it  should 
be  underlaid  by  a  much  softer  stratum.  If,  however,  the  firm  upper  stratum  is  ex- 
posed to  running  water,  as  in  the  case  of  a  bridge-pier  in  a  river,  care  must  be  taken 
to  .preserve  it  from  gradually  washing  away;  or  from  becoming  loosened  and  broken 
up  by  violent  freshets ;  especially  if  they  bring  down  heavv  masses  of  ice,  trees,  and 
other  floating  matter.  These  are  sometimes  arrested  by  piers,  and  accumulate  so  as 
to  form  dams  extending  to  the  bottom  of  the  stream ;  thus  creating  an  increase  of 
velocity,  and  of  scouring  action,  that  is  very  dangerous  to  the  stability  both  of  the 
bottom  and  of  the  structure.  When  the  testing  has  to  be  made  to  a  considerable 
depth,  it  may  be  necessary  to  drive  down  a  tube  of  either  wrought  or  cast  iron,  to 
prevent  the  soil  from  falling  into  the  unfinished  hole.  If  necessary,  this  tube  maj 
be  in  short  lengths,  connected  by  screw  Joints,  for  convenience  of  driving ;  and  the 
•arth  inside  of  it  may  be  removed  by  a  small  scoop  with  a  long  handle.* 

Borlngrs  In  common  soils  or  clay  may  be  made  100  feet  deep  in  a  day 
or  two  by  a  common  wood  anger  1^  inches  diameter,  turned  by  two  to  four 
men  with  3  feet  levers.    This  will  bring  up  samples. 

in  starting  the  masonry,  the  largest  stonte  should  of  course  be  placed  at  the  bot- 
tom of  the  pit,  so  as  to  equalize  the  pressure  as  much  as  possible;  and  care  should 
be  taken  to  bed  them  solidly  in  the  poil,  so  as  to  have  no  rocking  tendency.  The 
next  few  courses  at  least  should  be  of  large  stones,  so  laid  as  to  break  Joint  thoroughly 
with  those  below.  The  trenches  should  be  refilled  with  earth  as  soon  as  the  masonry 
will  permit;  so  as  to  exclude  rain,  which  would  injure  the  mortar,  and  soften  the 
foundation.  It  is  well  to  ram  or  tread  the  earth  to  some  extent  as  it  is  being  deposited. 

If  the  tests  show  tliat  the  soil  (not  exposed  to  running  water)  Is  too  soft  to  support 
the  masonry,  then  the  pits  should  be  made  considerably  wider  and  deeper;  and  aftex^ 
ward  be  filled  to  their  entire  width,  and  to  a  depth  of  from  8  to  6  or  more  ft,  (de- 
pending on  the  weight  to  be  sustained,)  with  rammed  or  rolled  layers  of  sand,  gravel, 
or  stone  broken  to  turnpike  size ;  or  with  concrete  in  which  there  is  a  good  propor- 
tion of  cement.  On  this  deposit  the  masonry  may  be  started.  The  common  practice 
in  such  cases,  of  laying  planks  or  wooden  platforms  in  the  foundations,  for  building 
upon,  is  a  very  bad  one.  For  if  the  planku  are  not  constantly  kept  thoroughly  wel^ 
they  will  decay  in  a  few  years ;  causing  cracks  and  settlements  in  the  masonry. 

Some  portions  of  the  brick  aqueduct  f  for  supplying  Boston  with  water  gave 
a  great  deal  of  trouble  where  its  trenches  passed  through  running  quicksands  and 
other  treacherous  soils.  Oonerete  wias  (rtod,  but  tbswet  qoicksattd  mixed  itaelf 
with.it,  and  killed  it.  Wooden  cradles,  Ac,  also  failed ;  and  the  difficulty  was  finally 
overcome  by  simply  depositing  in  the  trenches  about  two  feet  in  d^h  of  strong 
gravel.|  Sand  or  gmvel^  when  prevented  from  ipreading  tidetvayit,  ftmns  one  of  the 
best  of  foundations.  To  prevent  this  spreading,  the  area  to  be  built  on  may  be  sur- 
rounded by  a  wall ;  Or  by  squared  piles  driven  so  dose  as  to  touch  each  other;  or  in 
less  important  cases,  by  short  sheet  piles  only.    But  generally  it  is  sufficient  simply 

*  Subterranean  caverns  in  limestone  regions  are  a  frequent  souxcuof  trouble, 
against  which  it  is  diMcult  to  adopt  precautions. 

t  The  Cochituate  aqueduct,  built  1846-48;  egg-shape,  6  feet  4  inches  X  5  feet, 
with  semicircular  invert. 

X  Smeaton  mentions  a  stone  bridge  built  upon  a  natural  bed  of  gravel  only 
about  two  feet  thick,  overlying  deep  mud  so  soft  that  an  iron  bar  4U  feet  long 
sank  to  the  head  by  its  own  weight.  One  of  the  piers,  however,  sank  while  tlw 
arches  were  being  turned,  and  was  restored  by  Smeaton.  Although  a  wretched 
precedeai  for  bridge-building,  this  example  illustrates  the  bearing  power  of  a 
thick  layer  of  well-compact^  gravel. 
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▼e  the  trenches  a  good  width ;  aod  to  ram  the  sand  or  craTel  (vhldh  ar«  all 
setter  if  wet)  in  layers ;  takinf?  oare  to  compnct  it  weliagainst  the  »ide»  of 
rench  also.  Under  heary  loads,  some  settlement  will,  of  course,  take  plaee, 
the  case  in  all  foundations  except  rock.    If  Tery  beayj,  adopt  piliog,  Ao. 

iBILLAOE. 

hen  an  anrellable  soil  OTerlies  a  flrm  one,  but  at  such  a 
h  that  the  excavation  of  the  trenches  (which  then  must  evidently  be  made 
r,  as  well  as  deeper)  becomes  too  troublesome  and  expensive ;  especially 
1  (as  generally  happens  in  that  case)  water  percolates  rspidly  into  the 
:he8  from  the  adjacent  strata,  we  may  resort  to  piles.  When 

iDg  deep  foundation-pits  in  damp  elay,  we  must  remember  that  this 
ifial,  being  soft,  htis,  to  a  certain  degree,  a  tendency  to  press  in  every  direo- 
Itke  water.  This  causes  it  to  bulge  inward  at  the  sides,  and  upward  at  the 
>m.  The  excavations  for  tunnels,  or  for  vertical  shafts,  often  close  in  all 
lid,  and  t>econie  much  contracted  thereby  before  they  can  be  lined ;  there- 
they  should  be  dug  larger  than  would  otherwise  be  necessary.  Tlie  bottoms 
mal  and  railroad  excavations  in  moist  clay  are  frequently  pressed  upward 
tie  weight  o(  the  sides.  Dr^  elay  rapidly  absorbs  moisture  from  the  air, 
swells,  producing  effects  similar  to  the  ioregvdng.  it?  expansion  is  attended 
reat  pressure ;  so  that  retaining- walls  backed  with  dry  rammed  clay  will 
Q  'danger  of  bulging  if  the  clay  should  become  wet.  It  is  a  treacherouf 
•rial  to  work  in.    For  eonerete  fonndailons^  see  pp.  946,  Ac. 

I  to  the  grreatest  load  that  may  safely  be  trusted  on  an  earth  tounda- 
Hankine  advises  not  to  excet^d  1  to  1.6  tons  per  square  fuot.  But  experl- 
proves  that  on  good  compact  gravel,  sand,  or  loam,  at  a  depth  beyond 
•spheric  influences,  2  to  S  tons  are  safe,  or  even  4  to  6  tons  if  a  few  Inches  of 
sment  may  be  allowed,  as  is  often  the  case  in  isolated  structures  without 
ors.  Years  may  elapse  before  this  settlement  ceases  entirely.  Pure  clay, 
5ially  If  damp,  is  more  compressible,  and  should  not  be  trusted  with  more 
1  to  2.5  tons,  according  to  the  case.  All  earth  foundations  muat  yield  some- 
.  Eqnalttir  of  prewsare  is  a  main  point  to  aim  at.  Tremor  in- 
ies  settlements,  and  causes  them  to  continue  for  a  loneer  period,  especial  It 
eak  soils.  Great  care  must  be  taken  not  to  overload  in  such  cases,  even  if 
[.  Fonndatlonn  In  milty  soils  will  probably  settle,  in  years,  at  the 
of  from  3  to  12  Inches  per  ton  (up  to  2  tons)  per  square  foot  of  qwet  load, 
>t  on  piles. 

jTure  2  shows  an  easy  mode  of  obtaining  a  foundation  in  certain  cases.  It 
le  •*  plerre  perdue  *'  (lost  stone)  of  the  French ;  in  English,  **  ran- 
a' stone,"  or  rip-rap. 

is  merely  a  deposit  of  rough  an^ralar  quarry  stone  thrown  into  the  water ; 
lanrest  ones  being  at  the  outside,  to  resist  disturbance  from  freshets,  ice, 
Ing  trees,  Ac.  A  part  of  the  interior  may  be  of  small  quarry  chijTS,  with 
I  gravel,  sand,  dav,  Ac.  When  the  bottom  Is  irregular  rock,  this  process 
i  the  expense  of' levelling  it  off  to  receive  the  masonnr.  For  2  or  3  feet 
jr  the  surface  of  the  water,  the  stones  may  generally  he  disposed  by  hand,  so 
lie  close  and  firmly.  Small  spawls  packed  between  the  larger  ones  will 
e  the  work  smoother,  and  less  liable  to  be  displaced  by  violence.  Cramps 
bains  may  at  times  be  useful  for  connecting  several  of  the  large  stones 
:her  for  greater  stability.    Rtp-rap,  liowewer,  l»  apt  to  settle. 

the  bottom  Is  «io  yieldlnir  as  to  be  llablft  to  wasb  away  in 

ets,  it  may,  in  bdditiou,  be  protected,  as  in  Fig  2,  by  a  covfrini?  of  the  same  kind 

of  st'ines,  ati  at  c :  extend- 
ing all  around  the  struc- 
ture. Or  the  main  pile 
of  stones  may  be  extend* 
ed  as  per  dotted  line  at  d; 
so  that  if  the  bottom 
should  wash  away,  as  per 
dotted  line  at  o,  the 
stones  d  will  teAl  inti 
tiM  cavity,  and  thus  pre* 
vent  further  damage. 
Shee^pileB,  s  «,  may  be 
1  as  an  additional  precaution.  For  greater  security,  the  bed  of  the  river  may 
idged  or  scooped  under  the  entire  space  to  be  covered  by  the  main  deposit,  eft 
>tted  lines  in  Fijr  3,  to  as  great  a  depth  as  any  scourinjf  would  be  apt  to  reach , 
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iKlt  exoavBtioii  alio  to  be  filled  with  itone.  Such  fbnndatioM  are  trldABdj  bMl 
idapted  to  quiet  water.   The  masonry  ahonld  rest  on  a  ttrong  platform. 

Large  depostu  of  stone,  u  In  ttaete  r~~~1 

two    figs,  greatly  IncreaBe  the  velocity,  I         \ 

and  the  isontiDg  acttob  of  the  stream  I         i 

fcroiiDd  them,  especially  in  freaheta  ;  ua-  fl L, 

lest  the  bottom  on  each  side  from  the  de* 
fioait  be  dredged  ont  to  such  bd  exteat 

Kat  the  original  area  of  water  shall  not 
reduced.  If  the  bottom  is  treacherous, 
tbU  should  be  done  before  depositing  the 
coTering  stones  c,  Fig  2.  Jodgment  and 
tzperlenoe  are  oeeesBarr  In  such  matters, 
*s  in  all  others  oooneoted  with  engineer- 
ing. Here  study  will  not  gnard  against 
•OQstant  fail  ores.  Theory  and  pr&ctioQ 
auRt  gatde  each  other. 

fig  3  is  another  simple  method;  and 
Irheo  it  does  not  create  too  great  an  ob« 

•tructioD  to  the  caTtgatlon  of  the  stream,  or  to  the  esoape  Of  iU  wat«n  In  tllM  of  klf  b  frMbMa,  It  a 
»ery  effecdve  one.  Here  thf  piles  are  flrsl  driven  Into  tbe  river  bottom,  tor  tbo  rapport  of  tbt  pUr: 
then  the  deposit  of  stone  is  thrown  )n,  for  tbe  rapport  aod  proteotioo  of  tbe  pilee:  prerenttnt  tlMM 
from  bending  under  tbeir  loads  ;  and  sfaleldiDg  then  fh>m  blows  from  flofttlnc  bodtoa.  The  tape  of 
the  piles  being  cut  off  to  a  level,  a  strong  platform  of  timber  is  laid  on  top  of  tbem.  aa  «  bate  fertlM 
masonry.  The  top  of  tbe  platform  should  not  be  less  than  aboat  IS  or  18  ina  below  ordinary  lew 
water,  to  prevent  decay.  Mitchell's  iron  screw  pile ;  or  hollow  pilea  of  eaat  iron,  may  be  used  laafeaad 
of  wooden  ones. 

Figs  4  represent  a  conTeniont  method  of  estebllshing  a  foundation  In  water,  by 
means  of  a  Umber  erib,  A  A,  witboat  a  bottom.    It  ahould  be  built  of 

Bquared  timbers,  notch- 
ea  together  at  their 
crossings,  as  shown  at 
Fig  5 ;  each  notch  being 
^  of  the  depth  of  the 
Btick.  By  this  means 
each  timber  is  support- 
ed throughout  its  eatire 
length  by  the  one  below 
It;  and  resists  pulling 
in  both  directions.  Bolts 
also  are  driTen  at  the 
intersections;  at  least 
In  the  sides  of  the  crib, 
to  prevent  one  portion 
from  being  floated  off 
from  the  other.  The 
crib  Is  thus  divided  into 
equare  or  rectangular 
cells,  ft-om  2  to  4  or  6  ft 
on  a  Bide,  according  to 
tbe  requirements  of  the 
case.  The  partitions 
between  tbe  cells  are 
put  together  in  the 
aame  manner  as  those 
«t  the  sides  of  the  cribs; 
and  consequently,  lilce 
the  latter,  form  aoIM 
wooden  walU 


The  orib  may  _, ^ 

final  place,  where  It  Is  carefully 

cells  provided  with  -'" 

- w  ^  ^jj^^  ^  ^  prevent  tbe  crib  from  settling  allgbUy 

fall  bearlDf  upon  tbe  bottom.    After  it  has  been  sunk,  aU  theoe 


.       soll,a__ 

oella  are  flUod  with 


above  tbe  lo^edge  of  the  oella^ 

random  stone,  to  prevent  undermining  by  the  current.  If  the  sides  irt  expos;i  S.  abraskn  fA» 
Jje^c,  they  may  be  covered  In  whole  or  in  nart  with  plank,  or  plate  Iron ;  ud  the  angirafiniS 
VuifL^aV  "*'?P*'  .**'•  }\^^^  ^V*''  •>'»<«*«ion  msy  be  msde  partly  of  iSdom  ewncTM  £ 
Figs  «  and  »;  and  on  top  of  this  mair'be  auak  a  crib,  with  ita  top  about  !^Jt  imder  low^ter? aa  a bMB 
tor  tbe  maM)nry.    Thie  Is  much  aa^  than  random  stone  aloneT  ^^  * 

eri?"t?f  ;S?k"oT^*.^?j5l?"'hl*  ™^^ K***  »«ce«'»nr  to  teribe  the  bottom  of  tha 
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L  erlb  with  OMljr  an  oateide  row  of  eells  for  linking  it  OMty  be 

t|  and  tba  Intwior  oluunber  may  be  flUad  with  oonorete  under  water.  The  maeonry  may  then 
on  the  oonorete  alone.  If  the  orib  reete  npon  a  foundation  of  broken  atone,  the  upper  interatioea 
Ilia  atone  ahould  flrat  be  lerelled  off  by  email  atone  or  ooarae  gravel  to  receive  the  oouorete  of  the 
IT  ohamher. 

^r  a  crib  like  Tig,  4  may  be  stink,  and  ptiee  be  driven  in  the  eelle,  which 

afterward  be  filled  with  broken  stone  or  eonereta.  The  maaonry  may  then  reat  on  the  pilea  only. 
3b  in  torn  will  be  defended  by  the  orib.  If  the  bottom  ia  liable  to  aconr«4>laoe  aheet-pilea  or 
rap  around  the  baae  of  the  crib. 

ty  all  means  aTOld  a  erlb  like  e,  Vifg  5>^,  much  higher  at  one  part 
n  at  another,  if  tfie  $upergtructwr.  s  is  to  reat  on  thf.  timber  of  the  crib  Instead  of  on 
I,  or  on  oonorete  independent  of  tbe  timber ;  for  the  high  part  of  the  crib  will  compreaa  more  nnder 
oad  than  tbe  low  part ,  and  will  thun  oauae  the  auperatructnre  to  lean  or  to  oraok. 

L  crib  either  straight  sided  or  ciicnlar,  with  only  an  outer  row  of  cells  for  pnd- 
Ingr  maar  be  used  as  a  eoflTerdani  (see  ooflflradanis.p.  686).  The  Joints 

reen  the  outer  timbera  ahoold  be  well  eanlked ;  and  oare  be  taken,  by  means  ef  outside  pUe*planks, 
'el,  te,  to  prevent  water  f^om  entering  beneath  it. 

The  ea«t>lron  Brldye  across  tbe  Scbuylklll  at  Chestnut  St, 
ilia,  Mr.  Strickland  Kneass,  Engineer,  afTordB  a  striking  example  of  crib 
tdation.  The  center  pier  etanda  on  a  orib,  an  oblong  oclugon  in  plan  ;  81  by  87  feet  at  base  ;  24 
M)  ft  at  top ;  and  (with  ita  platform)  29  ft  high.  Its  timbera  are  of  yellow  pine,  hewn  12  ina 
ire :  and  framed  aa  at  Fig  5.  The  lower  timbera  were  carefully  out  or  acribed  to  conform  to  the 
gularitiea  of  the  tolerably  level  rook  upon  which  It  reata.  These  were  aaoertalned  (after  the  8  ft 
ih  of  gravel  had  been  dredged  off)  in  the  uanal  manner  of  mooring  above  the  aite  a  large  floating 
den  platform,  composed  of  timbera  correeponding  in  poaltion  with  all  tboae  of  the  lower  courae 
he  Intended  erlb,  both  longitodlnal  and  tranaverae.  Soundinga  were  then  taken  eloae  tofathsr 
ig  aU  these  lines  of  timber,  liosi  of  the  eella  are  about  8  by  I  (t  on  a  aide,  in  the  clear.  A  few 
hem  had  platforma  at  the  level  of  the  aeoond  courae  hrom  the  bottom,  for  receiving  atone  for  aink. 
the  crib;  the  othera  are  open  to  the  bottom. 

he  crib  waa  built  in  the  water;  and  waa  kept  floating,  daring  Ita  construction,  with  ita  nnflniahsd 
continually  Juat  above  water,  by  gradually  loading  it  with  more  atone  aa  new  timbera  were  added. 
.-     ...  ^  le  waa  soft  tons.    When  the  crib  waa  towed  into  pocition,  and 


atone  required  for  thla  purpoee  alone  i 

»red,  150  tone  more  were  added  for  ainking  it.    All  the  cella  were  aftsrward  filled  with  rough  dry 
te,  and  coarae  gravel  aoreeninga ;  making  a  total  of  1086  tone.    A  platform  of  12  by  12  inch  aquared 


ber  covered  the  whole ;  iM  top  being  SH  ft  below  low  water.  The  pier  alone,  which  aunda  on  thla 
•,  weigha  S256  tone ;  and  daring  iu  eonstrnctlon  It  oompressed  the  crib  6H  in«.  The  weight  of 
eratructare  reating  on  the  pier,  may  be  roughly  taken  at  1000  tona  more. 

kn  ordlnarv^  caisson  Is  merely  a  strong  scow,  or  a  box  with- 

a  lid ;  and  with  aides  which  may  at  pleasure  be  readilv  detached  from  ita  bottom.  It  It  built  on 
1,  and  then  laanehed.  The  masonry  may  flrat  be  built  In  it,  either  in  n  bole  or  in  part,  while 
at;  and  the  whole  being  then  towed  into  place,  and  moored,  may  be  auuk  to  tbe  bottom  of  tbe 
!r,  to  rest  upon  a  fonndation  previoualy  prepared  for  it,  either  by  piling,  if  necessary;  or  by 
■ely  levelling  off  the  natural  snrfaee,  Ac    The  bottom  of  the  caisson  constittitea  a  strotig  timber 

idatform,  upon  which  tbe  masnury  reHta ;  asd 
ia  ao  arranged,  that  after  it  Is  Hunk,  tbe  stdea 
may  be  detached  ttom  it,  and  rcinoved  to  be 
rebottomed  for  uae  at  ?iu<>tber  pier,  if  needed. 
Thia  detaching  may  be  effected  hv  some  «uch 
contrivance  aa  that  shown  in  Fig  6,  where 
P  P«r  la  the  bottom  of  the  catxson,  to  which 
are  firmly  attached  at  iutervaU  atroDg  iron 
eyea  t;  which  are  taken  bold  of  by  hooks  d,  ».* 
the  lower  end  of  Xot^:  bolts  R  n'  reaching  to 
the  top  timbers  S  of  the  crib,  where  they  are 
oonflned  by  screw  nuts  n.  By  UK^tsenlog  the 
nuts  n,  the  hooka  d  can  be  detached  from  tbe 
cyea  tf  and  the  aides  can  then  be  removed 
from  the  bottom;  there  beioR  no  other  conneo- 
tioD  between  the  twc      Thp^**  )...nV4  »nd  evea 

are  uaually  placed  oi  n:  the 

aerew  nuta  n  beinK  Ml.  .  ji'cting 

enda  of  orcaa  pieoea,  u  tf,  ir tg  i*.  j  aa  im- 
proper porition  given  them  in  our  Fig  maa 
merely  for  convenience  of  illnatrating  the  prin- 
ciple. It  will  aometimea  be  neoeaaary  to  have 
aide  dotsehable  firom  ths  othera,  in  order  to  float  tbe  caiaaon  away  elear  from  the  finiabed  pier ; 
eaa  it  be  floated  away  before  the  maaonry  baa  been  built  ao  high  aa  to  reader  the  precaution  uae- 
.  Fig  6  ahowa  one  of  many  waya  of  eonstraotlng  a  caiaaon ;  with  aides  conaiating  of  upright 
aer-poau,  I;  cap  pieces  8,  on  top ;  and  ailla  g  at  bottom,  reating  on  the  bottom  platform  P  F  la; 
irmediate  uprighta  T,  framed  into  the  oapa  and  ailla;  the  whole  being  covered  outaide  by  one  or 
thickneoaes  of  planking  B,  which,  aa  well  aa  the  platform,  ahould  be  well  calked,  to  prevent 
dug.  Tarpaulin  alao  may  be  nailed  outaide  to  aarist  in  thia.  The  greateat  trouble  from  leaking 
rhere  the  aidea  join  the  platform.  On  top  of  the  platform  ia  firmly  spiked  a  timber  •  o,  extending 
around  it  Juat  inalde  of  the  Inner  lower  edge  of  the  aidea  of  the  caiaaon.  iu  uae  ia  to  prevent 
aides  fhim  being  forced  inward  by  the  preaanre  of  the  water  outaide.  The  details  of  conatruetion 
I  of  ooarae  vary  with  the  requirementa  of  the  caae.  In  deep  oaiaaona,  inalde  croas-bracea  or  strata 
a  aide  to  aide,  aa  at  e  e,  Fig  7,  wiU  be  required  to  prevent  tbe  aidea  from  being  forced  inward  by 
presaure  of  the  water,  aa  the  veaael  gradually  ainks  while  tbe  masonry  ia  being  built  witbia  it. 
the  maaonry  ia  carried  up,  the  atmta  are  removed ;  and  abort  onea,  extending  from  tbe  aidea  of 
caisson  to  ths  masonry,  are  inserted  in  their  place.  Wheo  the  caiaaon  ia  aballow,  only  tbe  upper 
ri«e  of  braoea  will  be  requiredi  they  alao  aupport  a  platform  for  the  workmen  and  their  materiala. 
leep  oaiasona.  In  order  not  to  be  In  the  way  of  tbe  maaons,  tbe  outer  planking  of  the  aidea  may, 
jart,  be  gradually  built  up  aa  tbe  maaonry  progreaaea  It  may  aometimea  be  expedient  to  build 
maaonry  hollow  at  flrat,  'Hh  *hin  trrAaverae  walla  inside  to  atiffon  it  if  necessary  ;  and  to  com- 
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K)t«  the  Interior  Alter  alnklBg  the  ealason.  Indeed,  ttaaonrjr  or  brickwork,  ia  oemeat,  maj  thai «,«. 
lit  hollow  Kt  first,  resting  on  the  platrorm ;  the  meaonry  itnelf  forming  the  side*  of  the  eaiaeea. 
Or  the  side*  may  consist  of  a  water*ttght  oaaing  of  iron,  or  wood,  of  the  shape  of  the  intended  piar, 
4o.  This  oaaing  being  eonflned  te  the  platrorm,  beoomee,  in  flMt,  a  mould,  in  which  the  pier  omit  ba 
formMl,  And  snnk  Ht  the  same  time  by  Ailing  it  with  hydraulic  concrete.  Fer 
concrete  ftoandatlons,  see  pp  946  Ac. 

On  ro«k  bottom  the  nnder  timbere  of  the  platform  may  be  eat  to  eait  the  irregnlaritiaa 
•a  already  ateted  under  **  Orlba."  Or  the  bottom  may  be  torened  np  by  flnt  depoeiting  large  atoaao 
aronnd  the  area  npon  whioh  the  caisson  is  to  rest ;  and  then  filling  between  theee  with  smaller  aloaea 
and  gravel;  testing  the  depth  by  aoandtng.  Or  a  level  bed  of  cement  concrete  may,  with  cara,  b« 
deposited  in  the  water.  If  there  are  deep  narrow  crevices  in  the  rock,  throogh  wbfch  the  eonerrta 
may  escape,  tbey  may  be  first  covered  with  tarpaulin.  Diving  bells  may  often  be  used  to  advantage, 
in  all  snob  operations.  But  in  the  caae  of  very  irregular  rook,  it  will  often  be  better  to  reaort  to  oof- 
fer-dams. 

Talvee  for  the  admission  of  water  for  sinking  the  eaiasoa  are 
nsnally  introdoead.  If,  aAar  alaking,  it  should  be  necessary  to  agaiu  raise  the  whole,  it  is  onlv 
aeeeaaary  to  close  the  Talvee,  and  pomp  out  the  water.  Guide  piles  may  be  driven  and  braced  along- 
side  of  the  caisson,  to  insure  Ita  sinking  vertically,  and  at  the  proper  spot.  Or  it  may  be  lowered  bj 
■craws  supported  by  strong  temporary  ft-amework. 

Assuming  the  uprights  I,  T.  ke.  Fig  6,  to  be  suffldently  braced,  as  at  ee,  Fig  7,  the  foIlowlBg  lablo 
will  show  the  thloknefls  of  planking  necessary  for  different  distanoea  apart  of  the  uprighta.  (la  tka 
elear,)  to  insure  a  safety  of  six  against  the  pressure  of  the  watn*  at  different  depths ;  and  at  tht 
aame  time  not  to  bend  inward  nnder  said  pressure,  more  thnn  xl'Tr  P*^  ^^  ^^  distanea  to  whlA 
tbey  stretQh  ttum  upright  to  upright;  or  at  the  rate  of  )4  inch  la  10  ft  atretoh :  H  inch  in  5  ft.  fta. 
Buch  a  table  may  be  of  oaa  in  other  matters. 

TuMe  of  tlilckneMi  of  wliite  pine  plank  re^ialred  not  to  bend 
more  tlian  7)^  part  of  Its  clear  horlsontal  •tretcli,  nnciev 
diflTerent  lieads  of  water.   (Original.) 
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C^flRBr^amS  are  enclosures  from  which  the  water  may  be  pumped  out,  so  M 
to  allow  the  work  to  be  done  in  the  open  air.  Their  construction  of  course  variet 
greatly.  In  still  shallow  water,  a  mere  well-built  bank  of  clay  and  gravel ;  or  of 
bags  partly  filled  with  those  materials  when  there  is  much  current,  will  (answer 
•very  purpose ;  or  (depending  on  the  depth)  a  single  or  double  row  of  sheet-piles ;  or  of 
squared  piles  of  larger  dimensions,  driven  touching  each  other;  their  lower  ends  a 
flaw  feet  in  the  soil ;  and  their  upper  ones  a  little  above  high  water,  and  protected 
outside  by  heaps  of  gravelly  soil  or  puddle,  (as  at  P  in  Fig  7,)  to  prevent  leakisi;. 
The  sheet-piles  may  be  of  wood;  or  of  cast  iron,  of  a  strong  form. 

Tlie  safliclency  of  a  mere  Ibank  of  well-packed  earth  in  still 
water,  is  shown  by  the  embankments  or  levees,  thrown  up  in  all  countries,  to  pre- 
vent rivers  from  overflowing  adjacent  low  lands.  The  general  average  of  the  levees 
along  700  miles  of  the  Mississippi,  is  about  6  ft  high;  only  8  ft  wide  on  top ;  side- 
slopes  1\^  to  1.  In  floods  the  river  rises  to  within  a  foot  or  less  of  their  tops ;  and 
ftequentty  bunts  through  them,  doing  immense  damage.  They  are  entirely  too  slight. 

The  method  of  a  single  row  of  12  by  12  inch  squared  plies,  driven  In  contact  with 
each  other,  (c^«  j9i^«,)  and  simplv  backed  by  an  outer  deposit  of  impervious  8O0, 
is  very  effective;  and  with  the  addition  of  interior  cross-braces  or  struts,  like  cc.  Fig 
7,  to  prevent  cruahing  inward  by  the  outside  pressure  of  the  water  and  puddle  wb«i 
pumped  out,  has  been  successfully  employed  in  from  20  to  25  ft  depth  of  water,  in 
which  there  was  not  suflBcient  current  to  wash  away  the  puddle.  The  cross-braces 
are  inserted  successively,  as  the  water  is  being  pumped  out;  beginning,  of  course, 
with  the  upper  ones.  The  ends  of  these  braces  may  abut  on  longitudinal  timb«n, 
bolted  to  the  piles  for  the  purpose.  Another  method  Is  a  fttrons  crib,  com- 
posed of  uprights  framed  into  caps  and  sills ;  and  covered  outside  with  squared 
timbers  or  plank,  laid  touching  each  other,  and  well  calked  ;  as  in  the  caisson,  Fig 
6 ;  but  without  a  bottom.  Between  the  opposite  pairs  of  uprightsare  strong  interior 
struts,  as  c  c,  Fig  7,  reaching  from  side  to  side,  to  prevent  crushiug  inward.    The 
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■M«r  MriM  of  thcM  QfinUly  rapporto  a  platform  for  tbM  workmmi,  wi&dlMMt.  A« 
The  crib  having  been  built  on  lana,  is  launched,  taken  to  itt  final  place,  and  sunk  by 
piling  itonea  on  a  temporary  platform  resting  on  the  croea-struts ;  the  bottom  ot  the 
stream  haying  been  previously  levelled  ofl^  if  necessary,  for  its  reception. 


mmj  b*  drivca  »ro«ad  It,  their  htada 
flag  a  few  feet  above  it*  bottom ;  or  a  unall  dapottt  of  oaleide  puddle  may  be  piaoed  aruand  It, 
ae  thowB  at  the  etoDe  depoaita  1 1,  Fig  4,  -       '-       -  .      .      .        ... 


To  prevent  leaking  under  the  bottom  of  the  orlb,  aheet-pUee  i 
itencUag  a  few  fret  above  it*  bottom ;  or  a  email  dapoett  of  oaleide  podf 

Or  a  broad  flap  of  tarpaollo  maj  be  eloeaiy  nailed  around 


and  a  UtUe  above  the  lower  edge  of  the  orib;  eo  arranged  that  it  may  be  epread  out  looeeljr  on  the 
river  bottom,  to  a  width  of  a  few  feet  all  around  the  onuide  of  the  erlb ;  and  the  puddle  maj  be  piaoed 
upon  it.  Snob  a  tarpaulin  ie  aleo  very  aeefttl  in  eaae  the  river  bottom  le  eomewhat  irregular,  and 
eanaot  be  levelled  off  without  too  great  expenee ;  in  whiob  eaea  the  erib  oanaet  acme  to  a  full  ba»rlag 
npenit;  aad  ooneequently  the  water  would  leak  or  flow  beneatti  freely, 
uneven  rook ;  where  ebeet*pll«e  oanuot  be  drlveu.   An  artiflelal  etratum  of      . 

ever,  be  deposited  on  bare  rook :  in  whioh  eaue  the  elnklng  of  the  orib,  and  the  tubsequeot  operatione 
v-^n  be  the  same  ae  on  a  natural  stratum.  These  expedienu  are  evidently  more  or  less  applicable  im 
otaer  easM,  where,  to  avoid  repetitlou,  thay  are  not  apedally  meattoned. 


It  is  eepeoialW  adapted  to 
An  artiflelal  stratum  of  Inipervioud  soil -may,  bow> 


..I /'.Kit    /n 


'P^ 


Plan  at  one  ond 


FliT  7  ifli  mmoiUMr  erilb  eoflter^iua ;  in  which  the  8ide^  instead  of  being 
planked  longitodlnaUy,  as  in  the  last  instance,  are  sheathed  with  vortical  sheet-piles 
r,  driven  alter  the  crib  is  sunk.  It  is  much  inferior  to  the  lut,  owing  to  its  greater 
[iabiUty  to  leak.  In  one  of  this  description,  Fig  T,  snccessfVilly  nsed  in  16  ft  water, 
the  dimensions  of  the  crib  were  34  ft  by  8n  ft .  A  long  each  long  side  were  7  nprights  t,  t^ 
19  fl  long,  13  ins  square,  12^  ft  apart.  Into  each  opposite  pair  of  these  were  notched, 
md  held  by  dog>iron8,  6  orosa-braces  e  o,  of  12  ins  square.  The  distance  between  the 
^o  npper  ones  was 3 ft  in  the  clear:  gradually  diminishing  to  18  ins  between  the 
;wo  lovnr  ones,  on  account  of  the  increased  pressure  of  the  water  in  descending  On 
he  ontsida  of  the  uprights  and  oppojite  the  ends  of  the  braoes,  were  bolted  longi- 
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tdlnal  timbers  to  support  the  outvlde  pressure  against  the  3-inch  sheet-pilinfr  '«. 
:her  longitudinal  pieces  o  o,  confine  the  heads  of  the  sheet-piles  to  the  top  of  the 
ib  after  they  are  driven.    The  feet  of  tiie  sheet-piles  were  cut  to  an  angle,  as  at  m ; 

make  them  draw  close  to  each  other  at  bottom  in  driving. 

The  sheet-piles  will  drive  in  a  fur  more  reeular  and  satisfactory  manner,  with  the 
rrangementshowninFigsS.  HereooaretLeuprigbta;ccarepaM5»of loneitudiual 
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pieces,  notched  and  bolted  to  the  uprights,  near  both  their  tops  Mid  their  feel}  fad 
at  as  many  intermediate  points  as  may  be  desired.  The  8hee&i>iles  I,  are  inserted 
between  these ;  and  of  oooise  are  guided  during  their  descent  mneh  more  perfectlj 
than  in  Fig  7.  b  e  t-  * 

When  tlM  current  is  to6  strong  to  permit  the  use  of  outside  puddle,  P.  Fig  7,  the 
principle  of  coffer-dam  shown  in  Fig  9,  is  generally  used ;  in  which  both  sides  of  the 
puddle  are  protected  firom  washing  away.  The  space  to  be  enclosed  by  the  dam  is  sui^ 
rounded  by  two  rows  of  firmly-dnven  main  piles  p  p,  on  which  the  strength  chiefly 
depends.  They  may  be  round.  In  deciding  upon  their  number,  it  must  be  remem- 
bered that  tbey  may  have  to  resist  floating  ice,  or  CMxidental  blows  from  vessels,  ike. 
With  reference  to  this,  extra  /snder-piles  may  be  driven.  A  little  below  the  tops  of 
the  main  piles  are  bolted  two  outside  longitudinal  pieces  t&w,  called  wales;  and  opptf 
site  to  them  two  inner  ones,  as  in  the  fig.  The  outer  ones  serve  to  support  cross- 
timbei-8  1 1^  which  unite  each  pair  of  opposite  piles,  and  steady  them ;  and  prevent 
their  spreading  apart  by  the  pressure  of  the  puddle  P.  The  inner  ones  act  as  guides 
for  the  sheet-piles  <  «,  while  being  driven ;  after  which  the  heads  of  the  sheet-piles 
are  q»iked  to  them.  In  deep  water  these  sheet-piles  most  be  very  stout,  say  12  ins 
square ;  to  resist  the  pressure  of  the  compacted  puddle. 

A  ffaoi^Aj  m,  is  often  laid  on  top  of  the  cross-pieces  ft,  for  the  use  of  the 
workmen  in  wheeling  materials,  Ac.  The  puddle  P  is  deposited  in  the  water  in  the 
space,  or  boxing,  between  the  sheet-piles.  It  should  be  put  in  in  layers,  and  com- 
pacted as  well  as  can  be  done  without  causing  the  sheet-piles  to  bulge,  and  thus  open 
their  joints.  The  bottom  of  the  puddle-ditch  should  be  deepened,  as  in  the  fig,  in 
case  it  consists,  as  it  often  does,  of  loose  porous  material  which  would  allow  water  to 
leak  in  beneath  it  and  the  sheet-piles.  This  leaking  under  the  dam  is  frequently  a 
source  of  much  trouble  and  expense.  Water  will  find  its  way  readily  throuui  almost 
any  depth  and  distance  of  clean  coarse  gravelly  and  pebbly  bottom,  unm&ed  with 
earth.  Sand  is  also  troublesome ;  and  if  a  stratum  of  either  should  present  itself  ex- 
tending to  a  great  depth,  it  will  generally  be  expedient  to  resort  to  either  simple 
cribs,  Fig  4 ;  or  to  caissons ;  with  or  without  piles  in  either  case,  according  to  cir- 
cumstances. But  if  such  open  gravel,  or  any  other  permeable  or  shiftine  materiaL 
as  soft  mud,  quicksand,-  Ac,  is  present  in  a  stratum  but  a  few  feet  in  thickness,  and 
underlaid  by  stiff  clay,  or  other  safe  material,  leaking  may  be  prevented,  or  at  least 
much  reduced,  by  driving  the  sheeting-piles  2  or  3  ft  into  this  last ;  and  by  deepening 
the  puddle-trench  to  the  same  extent.  It  may  sometimes  be  better,  and  more  con- 
venient, to  dredge  away  the  bad  material  entirely  fhim  all  the  space  to  be  enclosed 
by  the  dam,  and  for  a  short  distance  beyond,  before  commencing  the  oonstruction  of 
the  latter.  If  the  dam.  Fig  9,  is  (as  it  should  be)  well  provided  with  cross-bnces, 
like  c  e,  Fig  7,  extending  across  the  enclosed  area,  the  thickness  or  width  «)  o  of  the 
puddle,  need  not  be  more  than  4  or  6  feet  for  shallow  depths ;  or  than  6  to  10  ft  for  great 
ones:  because  its  use  is  then  merely  to  prevent  leaking.  But  if  there  are  no  braoee, 
it  must  be  made  wider,  so  as  to  resist  vpsetting  bodilv;  and  then,  with  good  puddle, 
o  o  may,  as  a  rule  of  thumb,  be  ^^  of  the  vertical  depth  o  I  below  high  water;  except 
when  this  gives  less  than  4  ft :  in  which  case  make  it  4  ft ;  unless  more  should  be 
required  for  the  use  of  the  workmen,  for  depositing  materials,  Ac.  Or  if  the  excavation 
for  the  masonnr  is  sunk  deeper  than  the  puddle,  the  dam  must  be  wider;  el«e  it  may 
be  upset  into  the  excavated  pit. 

The  excairated  soil  may  be 
railed  in  buokeu  bj  wlndUMes,  or  b/  Imq^i  in 
■aooMsire  atagei.  The  pamfM  may  be  worked 
by  hmnd,  or  by  steam,  as  the  oaae  may  require; 
as  also  the  windlaaiec  generally  needed  fbr 
lowering  mortar,  stone,  fto.  More  or  less  leak* 
ing  may  always  be  anticipated,  notwithstanding 
irerv  precaution. 

Where  a  ooffer-dam  is  exposed  to  a  violent 
snrrent,  and  great  danger  from  ice.  &o,  the  ex- 
pensire  mode  shown  in  Figs  10  may  beoome 
neoessary.  The  two  black  rectangles  c  c,  repre- 
sent two  lines  of  rough  cribs  filled  with  stone, 
and  sunk  in  position;  one  row  being  enclosed 
by  the  other ;  with  a  space  several  feet  wide  be- 
tween them.  Sheet-pilea  p  p  are  then  driven 
around  the  opposite  fkoes  of  the  two  rows  of 
eribs ;  and  the  puddle  is  deposited  within  the  boxing  thus  provided  for  it,  as  shown  in  the  flg. 

Where  the  current  is  nut  strong  enough  to  wash  away  gravel  backing,  we  may,  on  rook  espedaUy, 
SDclose  the  space  to  be  built  on,  by  a  single  quadraogle  of  cribs  sunk  by  stone ;  and  after  •Aoptiag 
preoaotions  to  prevent  the  gravel  fhim  being  pressed  In  beneath  the  cribs,  apply  the  backing.* 

Figs  10^  show  the  plan,  outside  view,  and  transverse  section,  to  a  scale  of  20  ft  to 
an  inch,  of  a  coffer-dam  on  rock,  in  8  to  9  ft  water,  used  successfully  on  the  Schuylkill 
Navigation. 

'  A  pore  clean  coarse  gravel  Is  entirely  nnflt  for  such  purposes.    A  oonsiie?abl«-ni«iwrtioa  sf 
L* ....«- .__.„w-         ^  *'     *^^  Digitized  by  T^XMJVIT^^ 
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Cofl^r-dam  on  rock,  tlprfglita  h,  at»oat  l  ft  aqnaM.  mnA  10  ft  afwrtftom  omter toemitar 
•loif  the  aidM  of  the  dam ;  and  10  fl  in  the  clear,  iranaTerseljr  of  the  dam,  eapport  two  linea  of  hori- 
lonul  •uringan,  i  1 ;  inside  of  irhlob  are  the  two  lines  of  sheeting-piles,  •  »,  eockwlng  between  tbea 
A  widUi  of  7  ft  of  fravel  paddle.  Two  flat  Iron  bars  ((  (,  of  the  transverse  section)  tie  together  each 
«ir  of  oprichta  b  b.  These  ban  are  H  inob  thlek,  bT  i}i  ins  deep,  and  9  ft  long.  Their  booked  ends 
fit  into  eye-boita  e,  which  pass  through  the  nprighte  6 ;  ontside  of  which  they  are  fastened  bjr  kejs,  ft, 
(Ns  detail  sketch.)  Between  the  ke/s  and  b,  were  washers.  At  the  corners  of  the  ilam  (see  plan) 
were  additional  tie-bars,  as  shown.  A  small  band  of  straw,  as  seen  aty,  wrapped  arouod  theti*' 
ban  Joitiaiide  of  the  sheet- piles ;  and  kept  in  nlaoe  bj  the  puddte ;  eflBctualljr  prevented  the  leaking 
whieh  lenerally  proree  so  tronblesone  in  such  casee.  The  stoat  oblique  braces,  o  o,  were  merely 
•piked  to  the  outside  faces  of  the  iiprighti  b.  Thej  are  not  shown  in  the  transverse  section.  This  dam 
wa*  bnilt  on  shore;  in  neotions  30  to  40  ft  long.  These  were  floated  into  plaee.  and  weighted  down, 
•hf«H)Ued,  sad  poddled  with  icravel.  The  dam  had  eluioee  by  which  water  was  admitted  when 
■eeeiMry  (ter  preventing  the  outside  head  from  exceeding  9  ft.  Tbt  lengths  of  the  uprights  b  b  were 
Irst  found  by  careful  soundings. 


^TR.SEC^ 


0UT5IDE 


PLAN 


Tlie  moorinir  of  larire  caissons  or  eribs,  prepamtoty  to  sinking 

them,  is  sometimes  troublesome,  especially  in  strong  currents.    It  may  be  necee* 

sary  to  drire  clumps  of  piles ;  or  to  temporarily  sink  rough  cribs  filled  with  stone, 

to  which  to  attach  the  long  gaide-ropes  by  which  the  manoeuvring  into  position,  &G, 

js  done.   Frequently  dams  are  left  standing  after  the  work  is  done ;  if  not  in  the  way 

of  navigation,  or  otherwise  objectionable ;  inasmuch  as  the  materials  are  rarely  worth 

the  expense  of  removaL    But  if  removed,  the  piles  should  not  be  draton  out  of  the 

ground ;  but  be  cttt  off  close  to  river  bottom ;  for  if  drawn,  the  water  entering  their 

holes  may  soften  the  soil  under  the  masonry.    It  is  often  expedient  to  drive  two 

rows  of  piles  from  the  dam  to  the  shore,  for  supporting  a  gangway  for  the  workmen; 

or  OTon  for  horses  and  carts ;  or  for  a  railway  for  the  easy  delivery  of  large  stones,  Ae. 

C^flfer»€lanis  maj  be  sank  throaffh  a  soft  to  a  flrm  soil,  in 

shape  of  a  box  of  cribwork,  either  rectangular  or  circular,  and  without  a  bottom. 

This   being  stronglv  put  together,  and  provided  with  proper  temporary  internal 

bracing,  (to  be  gradually  removed  as  the  masonry  is  built  up,)  is  floated  into  place ; 

and  after  being  loaded  so  as  to  rest  on  the  soft  bottom,  is  sunk  by  dredging  out  the 

soft  material  from  inside.    Additional  loading  will  sometimes  be  required  for  over- 

comine  the  fMction  of  the  soil  against  the  outside  \  or  it  may  even  become  necessary 

to  dredge  away  some  of  the  outer  material  also.    On  rock  it  may  at  times  l>e 

expedient  to  drill  holes  in  deep  water,  for  receiving  the  ends  of  piles,  or  of  iron  r«>d8, 

*c-     This  may  be  done  by  means  of  long  drill-rods,  working  in  an  iron  ttibe  or  pipe 

lank  as  a  guide  to  the  rod;  with  its  lower  end  over  the  spot  to  be  bornd.   Or  a  diving- 

>ell  may-  be  used.    Or  a  cylinder  of  staves  4  to  12  inches  thick,  long  enough  to 

each  aboTe  the  surface,  and  having  abroad  tarpaulin  flap  or  apron  around  its  lower 

d^e,  to  be  covered  with  grarel  to  prevent  leaking ;  may  be  sunk,  and  the  water 

i'.mped  out,  to  allow  a  workman  to  descend,  and  work  in  the  open  air. 

Piles*      "When  driven  in  close  contact. as  In  Fig  11,  for  preventing  leakage;  for 

>nfinins  puddle  in  a  coflFer-djim  :  or  for  enclosing  a  piece  of  soft  or  sandy  ground,  to 

reveut  its  spreading  when  loaded ;  or  if  the  outside  soil  should  wa.sh  away  from 
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around  them,  Ao,  they  are  called  sheet-piles.    Gepenlly  theoe  are  tbinQeir 

thau    they  are  ^wide; 

bu  t  firequen  tly  they  are  t  t 

square ;  and  as  laree  as  r—. — r—^         \\^^^M^ 

hf>arintr  ni\(»:  ana  arfi  J H l^^^^^^t 


bearing  piles ;  and  are 
then    called    close 

S>lles.  To  make  them 
rive  tight  together  at 
foot,  they  are  cut  ob- 
liquely as  at  /.  Occa- 
sionally, when  driven 
down  to  rock  through 
soft  soil,  their  feet  are 
in  addition  cui  to  an 
edge,    as   at  <,   so   at  FiiTlt 

to    become   somewhat 

bruised  when  they  reach  the  rock,  and  thus  fit  closer  to  its  surface.  Their  heads 
are  kept  in  line  while  driving,  by  means  of  either  one  or  two  longitudinal  pieces 
a  and  o,  called  wales  or  stringer^.  These  wales  are  suoported  by  gauge-pile*. 
or  guide-piles^  previously  driven  in  the  required  line  of  the  work,  and  several 
ft  apart,  for  this  purpose.    See  Figs  8. 

A  dogr-lron  d,  of  round  iron,  may  also  be  used  for  keeping  the  edges  of  the 
piles  close  at  top  to  those  previously  driven,  both  during 
and  after  the  driving.    Its  sharp  ends,  e  c,  being  driven 
into  the  tops  of  the  wales  ww^  (ibown  in  plan,)  it  holds 
the  descending  pile  o  firmly  In  place.    At  n,  d,  p,  Fig 
11.  are  other  modes  occasionally  used  for  keeping  the  | 
piles  in  proper  line.    Atp,  the  letters  ;r«  denote  small      . 
pieces  of  iron  well  screwed  to  the  piles,  a  little  above  wl 
their  feet,  to  act  as  guides ;  very  rarely  used.    At  «»      ^ 
are  shown  wooden  tongues  tt,  sometimes  driven  down  Fl§r  13 

between  the  piles  after  they  themselves  have  been 

driven ;  to  assist  in  preventing  leaks.  In  some  cases  sheet-piles  are  employed 
without  being  driven.  A  trench  is  first  dug  to  their  full  depth  for  receiving 
them ;  and  the  piles  are  simply  placed  in  these,  which  are  then  refilled.  Closer 
Joints  can  be  secured  in  this  manner  than  by  driving. 

When  piles  are  intended  to  sustain  loads  on  their  tops,  whether  driven  all  their 
length  into  the  ground,  or  only  partly  so,  as  in  Fig  8,  they  are  called  beartay 
piles.  They  are  generallv  round ;  from  9  to  18  ins  diam  at  top;  and  should  be 
straight,  but  the  bark  need  not  be  removed.  White  pine,  spruce,  or  even  beak- 
lock,  answer  very  well  in  soft  soils ;  good  yellow  pine  for  firmer  ones ;  and  hard 
oaks,  elm,  beech,  Ac,  for  the  more  compact  ones.  They  are  usually  driven  from 
about  2>^  to  4  ft  apart  each  way,  from  center  to  center,  ilepending  on  the  char- 
acter of  the  soil,  and  the  weight  to  be  sustained.  A  tread-wheel  is  more 
economical  than  the  winch  for  raising  the  hammer,  when  this  is  done  by  mes. 
Morin  found  that  the  work  performed  by  men  working  8  hours  per  day,  waa 
8900  foot-pounds  per  man,  per  minute  by  the  tread-wheel ;  and  only  2600  by  a 
winch. 

After  piles  have  been  driven,  and  their  heads  carefully  sawed  off  to 
a  level,  if  not  under  water,  the  spaces  between  them  are  in  important  cases  filled 
up  level  with  their  tops  with  well  rammed  gravel,  stone 
spawls,  or  concrete,  in  order  to  impart  some  sustaining 
power  to  the  soil  between  the  piles.  Two  oourses  ol 
stout  timbers  (from  8  to  12  ins  square  according  to  the 
weight  to  be  carried)  are  then  boltedf  or  treenailed  to 
the  tops  of  the  piles  and  to  each  other,  as  shown  in  the 
Fig,  forming  what  Is  called  a  frlUaire.  On  top  of  these  is  bolted  a  floor  or 
platform  of  thick  plank  for  the  support  of  the  masonry ;  or  the  timbers  of  the 
upper  course  of  the  grillage  may  be  laid  close  together  to  fonn  the  floor.  The 
space  below  the  floor  should  also,  in  important  cases,  be  well  packed  with  gravel, 
spawls.  or  concrete.  If  under  water,  the  piles  are  sawed  off  by  a  diver,  or 
by  a  circular  saw  driven  by  the  engine  of  the  pile-driver,  and  the  grillage  ia 
omitted.  Instead  of  it  the  masonry  or  concrete  may  be  built  in  the  open  air  in 
a  cal<«s()n,  which  gradually  sinks  as  It  becomes  filled ;  or  on  a  strong  platform 
which  is  lowered  upon  the  piles  by  screws  as  the  work  progresses.  Or  a  strong 
caisson  may  first  be  sunk  entirely  under  water,  and  then  be  filled  with  concrete, 
up  to  near  low  water;  the  caisson  being  allowed  to  remain.  Or  the  caisson  may 
rra  a  cofferdam,  to  be  first  sunk,  and  then  pumped  oul.    If  the-ground  is  Habit 
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>  wash  away  from  around  the  piles,  aa  in  the  case  of  bridge  pien^  Ae,  defend  it 
y  sheet-piles,  or  rip- rap,  or  both. 

The  cost  of  a  floaiinir  •team  pile  driver,  soow  24  ft  bf  60  ft,  draft 
i  ios,  with  one  engine  for  driving,  ana  one  (to  save  time)  for  getting  another 
ile  ready ;  with  one  ton  hammer,  is  about  $6000 ;  and  $500  more  will  add  a  cir- 
tlar  saw,  dxs,  for  sawing  off  piles  at  any  reqd  depth.  Requires  engioeman,  cook, 
id  4  or  5  others.  Wilfburu  about  half  a  tou  of  ooal  per  day.  Driving  20  feet 
ito  gravel,  and  sawing  off,  will  average  from  15  to  20  piles  per  day  of  10  hours. 
1  mud  about  twice  as  many.  On  land  about  half  as  many  as  in  water. 
In  the  i^mipowder  pile  driver  invented  by  the  late  Mr.  Thomas  Shaw, 
'  Philadelphia,  the  hammer  is  worked  by  small  cartridges  of  powder,  placed  one 
r  one  in  a  receptacle  on  top  of  the  pile ;  and  exploded  by  the  hammer  itselt 
can  readily  make  30  to  40  blows  of  5  to  10  ft  per  minute;  and,  since  the 
iramer  does  not  come  into  actual  contact  with  the  piles,  it  does  not  injure  their 
mds  at  all ;  thus  dispensing  with  iron  hoops,  Ac.  for  preserving  them.  When 
ily  a  slight  blow  is  requirea,  a  smaller  cartridge  is  used.  To  drive  a  pile  20  ft 
to  mud  averages  about  one-third  of  a  pound  of  powder;  into  gravel,  4  times  as 
uch.  This  machine  does  not  assist  In  raising  the  pile,  and  placing  it  in 
tsition,  as  is  done  by  ordinary  steam  pile  drivers ;  the  latter,  however,  average 
u  from  6  to  14  blows  per  minute. 

Piles  have  heen  driven  by  exploding  small  cbargoe  of  dynamite 
id  upon  their  heads,  which  are  protected  by  iron  platea. 
MeiMn-hammer  jpile  drivers^onenting  oa  the  prioolple  of  tbatdeytoed 
f  If  asmy  th  about  1B50,  are  economical  in  driving  to  great  depths  in  diffitmlt 
lis  where  there  are  say  200  or  more  piles  in  clusters  or  rows,  so  thai  the  machine 
n  readily  be  moved  from  pile  to  pile. 

The  steam  cylinder  is  upright,  and  is  confined  between  the  upper  ends  of  two 
rtical  and  parallel  I  or  channel  beams  about  6  to  12  ft  long  and  18  ins  apait, 
e  lower  enos  dt  which  confine  between  them  a  hollow  conical  ^  bonnet  cast* 
Iff,**  which  HU  over  the  head  of  the  pile.  This  casting  is  open  at  top,  and  through 
the  hammer,  which  is  fastened  to  the  foot  of  the  piston-rod,  strikes  the  head  of 
e  pile.  Saoh  of  the  vertical  beams  enclosee  one  of  the  two  upright  gnid»>tiraber8, 
'*  leaders,'*  of  the  pile  driver,  between  which  the  driving  apparatus,  above  de> 
ribed,  is  free  to  slide  up  or  down  as  a  whole. 

When  a  pile  has  been  placed  in  position,  ready  tor  dxsiving,  the  bonnet  easting  is 
Aced  upon  its  head,  thus  bringing  the  weight  of  the  beams,  cylinder,  hammer, and 
sting  upon  the  pile.  This  weight  rests  upon  the  pile  throughout  the  driving,  the 
paratns  sliding  down  between  the  leaders  as  the  pile  descends. 
The  steam  is  convened  from  the  boiler  to  the  cyl  by  a  flexible  pipe.  When  it  is 
mitted  to  the  cyl,  the  hammer  is  lifted  about  80  or  40  ins,  and  upon  its  escape  the 
mmer  falls,  striking  the  bead  of  the  pile.  About  60  blows  are  delivered  per  min- 
9.  The  hammer  is  provided  with  a  tiip-pieoe  which  aslomatically  admits  steam 
the  cylinder  after  eaoh  blow,  and  opens  a  valve  for  its  escape  at  the  end  of  the 
•stroke.  By  altering  the  acyustment  of  this  trip-piece,  the  length  of  stroke  (and 
us  the  force  of  the  blows)  can  be  increased  or  diminished.  The  admission  and 
;ape  of  steam,  to  and  from  the  cyl,  can  also  be  controlled  directly  by  the  attendant, 
e  number  of  blows  per  minute  is  increased  or  diminished  by  regulating  the  sup- 
f  of  steam. 

[n  making  the  up-stroke,  the  steam,  pressing  against  the  lower  cyl  head,  of  course 
)8«es  downward  on  the  pile  and  aids  its  descent. 

The  clfeier  advaniaire  of  these  machines  lies  in  the  great  rapidity 
th  which  the  blows  follow  one  another,  allowing  no  time  for  the  disturbed  earth, 
id,  Ac,  to  recompact  itself  around  the  sides,  and  under  tiie  foot,  of  the  pile.  This 
ftbles  the  machines  to  do  work  which  cannot  be  done  with  ordinary  pile  drivers. 
ey  have  driven  Norway  pine  piles  42  ft  into  sand.  They  are  leas  liable  than 
ters  to  split  and  broom  the  pile,  so  that  these  may  i^e  of  soner  and  cheaper  wood, 
e  bonnet  casting  keeps  the  head  of  the  pile  conatanvly  in  place,  so  that  the  piles 
not  **  dodge  "  or  get  out  of  line.  Their  heads  have,  in  some  cases,  been  set  on  fire 
the  rapidly  succeeding  blows. 

rtaese  machines  consume  from  1  to  2  tons  of  coal  in  10  hours,  and 
»qaire  a  crew  of  6  men.  Tiiey  work  with  a  boiler  pressure  of  from 
to  75  lbs  per  sq  inch. 
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Rales  for  the  Snstalnfngr  Power  of  Piles. 

Tbev  dlflbs'  very  muob.  No  rule  ean  applj  correctly  to  all  oonditioDa.  The  ground  itself  betwan 
the  piles,  in  most  case*,  tapporto  a  part  of  tbe  load ;  aUbdagh  the  whole  of  it  is  nsnally  assigned  t« 
the  piles.  Agata,  in  rerj  elayey  soili,  there  is  greater  liability  to  sink  somewhat  with  the  lapse  of 
time,  in  oonsequenoe  of  the  admission  of  water  between  tbe  pile  and  tbe  clay ;  thas  diminishing  thp 
IHction  between  them.  Tbe  Ichb  firm  the  soil,  the  more  will  tbe  piles  be  affocted  by  tremors ;  whie^ 
also  tend  in  time  to  cause  sinking.  In  some  cases  this  sinking  will  not  be  that  of  the  piles  settling 
deeper  into  the  earth  around  them ;  but  that  of  tbe  entire  compacted  mass  of  piles  and  earth  int* 
which  they  were  driven,  settling  down  Into  the  lens  dense  masa  below  them.  Piles  are  aomettmea 
blamed  for  aettlemenu  which  are  really  due  to  the  crashing  (flatways)  of  the  timbers  which  real 
immediately  upon  their  heads. 

Ill  the  fine  LiOikIoii  bridg'e  across  the  Thames,  each  pile  under  some  of  the 
piers  sustain.s  the  vtTy  heavy  load  of  80  tons.  They  are  driven  but  "20  feet  into  the 
stiff,  blue  London  clay  ;  and  are  placed  nearly  4  ft  apart  from  center  to  center ;  w^hich 
Is  too  much  for  such  piers  and  arches.  At  3  ft  apart  scant,  they  would  have  had  but 
45  tons  to  sustain.  They  are  1  ft  in  diam  at  the  middle  of  their  length.  Ugly  set- 
tlements, some  of  them  to  the  extent  of  about  a  ft,  have  occurred  under  these  piers. 
Blackfriars  bridge,  in  the  same  vicinity,  exhibits  the  same  defect.  By  some 
this  is  ascribed  in  both  cases  to  the  gradual  admission  of  water  between  the  clav  and 
the  piles,  perhaps  by  capillary  action  of  the  piles  themselves ;  or  perhaps  by  direct 
leaking.  It  ma.y,  however,  be  owing  in  part  to  the  crushing  of  the  platforms  on 
top  of  the  piles;  or  to  a  bodily  settlement  of  the  entire  mass  of  piled  clajr,  into 
the  unpiled  clay  beneath,  under  the  immense  load  that  rests  upon  it.  This  here 
amounts  to  5)4  tons  per  sq  foot  of  area  covered  by  a  pier ;  and  is  probably  too  much 
to  trust  upon  damp  clay,  when  even  the  slightest  sinking  is  prejudicial. 

9IaJ  J.  Sanders,  U.  S.  Engs,  experimented  largely  at  Fort  Delaware  in  river 
mud ;  and  gave  the  following  in  the  Jour,  Franklin  Inst,  Nov  1851.  For  the  safe 
load  for  a  common  wooden  pile,  driven  until  it  sinks  through  only  small  and 
nearly  equal  distances,  under  successive  blows,  divide  the  height  of  thefalUn  ins, 
by  the  small  sinking  at  each  blow  in  ins.  Mult  the  quot  by  t^  weight  of  the ' 
hammer,  ram,  or  monkey,  in  tons  or  pounds,  as  the  case  may  be.  Divide  the 
prod  by  8.    He  does  not  state  any  specific  coefficient  of  safety. 

Examine.  At  tbe  Clliettinit  Bt  Brldse,  Philada,  tbe  greatect  weight  on  soy  pile  i>  18  totte. 
Mr  Kneass  bad  the  piles  driven  until  they  sank  Ht  or  .75  of  an  inch  under  each  blow  fh>m  a  1300  Ik 
hammer,  falUng  ao  ft.  -Was  he  safe  in  doing  ao?  Here  we  have  the  fall  in  ins  =  20  X  12= S40.  And 
240  384000 

-i^ssao;  and  820  X  1200=384000  Iba ;  and  — g —  =  48000  lbs,  s  21.4  tons  safe  load  by  U»i  Ban* 

ders*  rule.    The  soil  was  river  mud. 

0«r  own  mle  is  as  follows.    Kult  together  tbe  cube  rt  of  tbe  fall  in  ft ;  the  wt  of  hammer  in  Bka; 

and  the  decimal  .023.     Divide  the  prod  by  the  last  sinking  in  ins.  +  1.    Tbe  quotient  will  be  the 

extr«Hae  lo«4  that  will  be  just  at  tbe  point  of  causing  more  sinking.    For  the  safe  load  take  fh» 

eoe  twelfth  to  one  half  of  this,  aooording  to  circumstances.    Or,  as  a  fbrmula* 

Cube  rt  of  y  Wt  of  hammer  ^  q... 

Extreme  l«ad_  f*ll  in  feet  ^     in  pounds      ^  '"*  ' 

in  ions         -         i,ast  sinking  in  inches  4. 1 

Examine.  The  same  as  the  foregoing  at  Chestnut  St  Bridge.  Here  tbe  cube  rt  of  20  ft  fUl  If 
2.714  ft.    Henoe  we  have 

i;xtreme  load  = ,,  .  , =  -r!nr^  *'-8  »<"»s. 

in  tons  .76  -^l  1.7ft 

Or  say  half  of  thla,  or  21.4  tons,  the  load  for  a  safety  of  2.  Major  Sanders'  rule  makes  the  «aflB 
load  21.4.     The  actual  ooe  is  18  tons. 

A  safety  of  *2  is  not  enough  for  river  mud- 

But  although  Major  Saoders'  rule  and  our  own  agree  very  well  in  this  instance  if  a  sa/etf  of  2  ft« 
taken  for  each,  they  differ  widely  In  some  others.  Thus  at  JJeullly  Brldxe*  France,  Perronet's 
heaviest  hammer  weighed  2O0O  Tbs,  fall  5  ft,  sinkage  .26  of  an  iuch  iu  the  last  16  blows;  or  Kay  .016 
Inch  per  blow.  The  piles  sustain  47  tons  each.  Oar  rule  gives  38.8  tons  for  a  safety  of  2;  while  San- 
ders' rule  gives  51^  tODi^  safe  load  I  If,  as  we  tbiak  probable,  tbere  was  no  actual  sinking  at  tbe  last 
blow,  then  our  role  gives  39,3  tons  for  a  safety  of  2  ;  while  Sanders'  gives  inflnlty. 

At  the  Hull  I>ocks,  Kagland,  piles  10  ins  square,  driven  16  ft  into  alluvial  mud.  by  a  loOOlbham' 
mer,  falling  24  ft,  stink  2  ins  per  blow  at  the  end  of  the  driviug.  They  sustain  at  least  20  tons  each, 
or  according  to  some  statements  2?  tons.  Unr  rule  gives  53.2  tons  for  tbe  extreme  load ;  or  16.6  fors 
safety  of  only  f.  Sanders  gives  for  safety  12.06  tons.  As  before  remarked,  2  is  not  safety  enough  to« 
inud.     In  mud,  it  is  not  primarily  the  pile's,  but  the  piled  roII  that  settles,  boilil.v,  for  yeirs. 

At  the  Rojal  Border  Brldgfe,  England,  piles  were  very  firmly  driven  from  30  to  40  ft  Id  sand 
and  gravel,  in  some  cases  wei.  Fine  was  first  tried,  but  it  split  and  broomed  so  badly  under  the  hard 
driving,  that  American  elm  waa  substituted,  with  success.  They  were  driven  until  they  pank  but  M 
inch  per  blow,  under  a  1700  fb  monkey,  falling  16  ft.  They  support  70  tons  each.  Our  rate  gives  47 
tons  for  a  safety  of  2;  while  Sanders  gives  364  tons  safe  load  I 

Itisthe  writer's  opiuion.  however,  that  the  piles  did  not  actually  sink,  as  was  (and  always  is,  in 
such  cases)  taken  for  granted  by  the  observers ;  but  that  they  were  mei^ly  compressed  or  partially 
crushed  by  overdriving.  Most  of  the  piles  were  driven  until  they  sank  (7)  only  an  inch  under  15(1 
blows  :  but  we  doubt  whether  thev  were  any  safer,  or  farther  in  the  ground,  than  when  they  bad  re- 
ceived only  one  of  them  ;  and  consider  such  extreme  precautiou  worse  than  u^^eless. 

In  some  experiments  (1873)  at  Philada,  a  trial  pile  was  driven  15  ft  into  soft  river  mud,  bv  a 
^600  B>  hammer  ;  its  last  mnking  being  18  in«  under  a  fall  of  36  ft.     Duly  5  hours  after  it  was  driven 

.  was  loaded  with  6  5  tons  :  which  caused  a  siuking  of  but  a  Very  small  fraction  0'  an  Inch.    0"-  rule 
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e«  6.4  toDi  at  tbt  «xtrem«  load.    Uuder  9  tooa  li  saak  .76  of  an  iaoh ;  a^d  under  15  Uds.  6  ft.   Bj 

I  S.iuder*  rule  it«  Mfe  load  would  be  2.14  tons. 

^  J^t'Jii  ^yt  trial  ptte,  about  12  ini  wj.  drlreo  »  ft  through  layer*  of  allt.  sand,  and  claj,  ham- 

r  910  Iba,  rail  5  ft,  la«(  sinking  .375  of  an  inch,  bore  96.6  tone  :  but  tank  bIowIt  under  27.9  tool. 

r  rale  |fvea  M  tone  extreme  load. 

Vea^  easMMn  oonaider  a  pile  safi  for  a  load  of  «  toaa,  whea  It  it  driY«Q  to  the  refaiial  of 

( Iba,  railing  4  ft :  our  rule  gtvee  24.3  tona  for  aaflrtj  t.    Thej  aeltaiata  the  reftiaal  by  Ita  not  ahik- 

more  than  .4  of  an  inota  under  SO  blowe.    In  many  Imporunk  bridgea  4o  ther  drire  until  there  la 

linklBff  under  an  800  lb  hammer,  failing  5  ft.    Our  rule  here  glT«a  61.5  tona  extreme  load :  or  16.T 

aafetr  S. 

in  to  the  yrmer  lom4  fer  aalMj*  we  think  that  not  mora  than  one-half  the  extreme  loU  riven 

Dur  rule  should  be  taken  for  piles  (Aorevph^f  driren  In  firm  eolla :  nor  more  than  one-«ixth  when 

irer  mad  or  BMUvh ;  aaaumlng,  aa  we  have  hitherto  don«»  that  their  feet  do  not  rest  upon  roek. 

rUaUa  to  «reMm«»  take  only  halftheeeioada.  *^ 

*Uef  MAj  be  ■w4e  •Tmrnj  reoalre^  alae  as  regards  either  length  or  eroea  saetlon,  bj  boll» 
and  flahing  together  aidaviae  and  lenffth wise,  a  number  of  aqnared  timbera. 
*llee  wHh  blast  eadn.  At  South  Street  Bridge.  Phila,  laoo  atont  pf lea  of  Nora  Seetfa  apnraa 
b  blunt  ends  were  driven  15  to  36  ft,  partly  in  strona  ararel.  by  a  eommon  iteam  pile  driver,  at  a 
a  oost  (piles  and  driving)  of  $7  to  iS  eaoh.  At  Wllaalastoa  Harbor,  Cal,  Mr.  C.  B.  Sears, 
3.  Army,  (Jonr.  Am.  Soc.  0.  B.,  Deo  1876)  found  that  iu  firm  compMOt  uet  sand,  after  the  first  few 
ITS  the  piles  would  not  penetrate  more  than  .5  to  1.5  ins  at  a  blow,  no  matter  how  far  the  2400  ft 
amer  fbll.  The  unpointed  ones  of  which  there  were  many  thousands,  drove  quite  as  readily  to  aver* 
depths  of  15  ft  in  this  sand  as  the  pointed  ones,  and  with  moob  lesii  tendenoy  to  oant.  As  a  high 
bad  no  fkrther  effect  than  to  batter  the  beadn  he  reduced  ii  to  10  ft.  whiob  drove  an  average  of 
ut  .72  inch  to  a  blow.  To  inaure  ntraight  driving,  the  ends  mast  be  at  right  angleii  tn  the  length. 
itead  ef  drlTlns  piles  tn  moderate  depths  It  msv  at  times  be  better  to  merely  plaat  them  butt 
'a  in  holes  bured  by  an  aoger  like  Pieree'e  Well  Borer. 

'he  altlauito  fMetloa  of  pUee  '•ven  with  the  bark  on,  and  driven  about  8  ft  apart  from  cen 

«n  probably  ne/er  miioti  exceeds  about  1  ton  per  oq  ft  even  when  well  driven  into  dense  moist 

d  or  loamy  gravel ;  nor  more  than  .6  to  .75  of  a  ton  in  oommon  soils  and  elaya ;  or  than  .1  to  J 

i  ton  in  allt  or  wet  river  mud  dapendiog  on  the  depth  and  density. 

'be  fMetloa  of  eaa6  Irea  eorlladeva  aoeMln  bn  aboot  .6  ftlint  or  pUae. 

niere  ts  a  mrent  <liiBwreii—  to  tiM  penetowMlttar  of  diflertnt 

Is.  Thus,  in  the  Lary  bridge,  no  speoial  dUBoulty  was  Iboud  in  driviug  pUee  35  ft  into  deep  wet 
1 ;  whlla,  In  other  wot  loowtiea,  pilea  of  very  toogh  wood,  well  shod  wiih  iron,  cannot  bo  driven 
into  aand.  without  being  battered  to  pieoeo.  The  aame  difference  has  been  found  in  the  ease  of 
w.pilea.  At  the  Brandywine  light-hooM  tbeee  eoold  not  be  forced  more  than  10  ft  into  the  clean 
sand.  Stiff  wet  elay  (and  clean  gravels)  also  differ  very  much  in  this  renpect.  Generally  they 
penetrable  le  any  required  depth  with  eomparative  ease :  but  we  have  seen  stout  hemlock  pilea 
ered  to  pieoea  in  driving  6  ft  through  wet  gravel ;  and  Mr.  Bendel  found  thMt  at  Plymouth  he 
uld  not  by  any  force  drive  aorew-piles  more  than  about  5  ft  into  the  clay,  which  is  not  as  stiif  aa 
London  clay,"  on  which  the  fDrementiooed  new  London  and  Blackfriars  bridges  were  founded; 
into  wbteb  even  ordinary  wooden  pilea  were  driven  'M  ft  without  special  difficulty. 
mJztnm  of  mud  with  the  aand  or  gravel  fhellitatM  driving  Tery  mnoh ;  bot  before  be^bmlng  aa 
Dsive  system  of  piling,  a  few  experimental  ones  should  do  driven,  to  remove  doubt  ax  to  the 
ble  and  expense  that  may  be  anticipated.  Mere  boring  will  often  be  but  a  poor  sobstitote  for  this. 
I  a  general  rule,  a  heavy  nammer  with  a  low  fall,  drives  more  pleasantly  than  a  light  one  with  a 
.  fall.  Where  a  hammer  of  H  ton  (1500  lbs)  falling  35  ft,  in  a  very  strong  gronnd,  shattered  the 
i;  one  of  S  tons,  (4500  lbs.)  with  7  ft  fall,  drove  them  satisfactorily.  More  blows  can  be  made  in 
same  time  with  a  low  fall ;  and  this  gives  lesa  time  for  the  aoll  to  eompaet  Itself  around  the  pflea 
een  the  blows.  At  timea  a  pile  may  resist  the  hammer  after  sinking  some  distance ;  but  atari 
n  after  a  short  rest;  or  it  mav  refuse  a  heavy  hammer,  and  sUrt  under  a  lighter  one.  It  may 
e  slowly  at  first,  and  mora  rapidly  afterward,  from  causes  that  may  be  difllcait  to  disoover.  Tha 
ing  of  one  aometimes  causes  adjacent  ones  previously  driven,  to  spring  upward  several  feet.  A 
is  In  the  moat  favorable  position  when  its  foot  rests  npon  rock,  after  Its  entire  length  has  been 
en  through  a  firm  soil,  which  aifords  perfect  protection  against  ita  beodiug  like  an  overloaded 
nin;  and  at  the  same  time  creates  great  friction  against  iu  sides ;  thus  aHsisting  much  in  Bus- 
ing the  load,  and  thereby  relieving  the  pressure  npon  the  foot.  A  pile  nay  rest  upon  rock,  and 
be  very  weak ;  for  if  driven  through  very  soft  soil,  all  the  pressure  is  borne  by  the  sharp  points 
the  pile  becomes  m<>rely  a  eolnmn  in  a  worse  ooodiilon  than  a  pillar  with  one  rounded  end.  See 
1 .  Strength  of  Iron  Pillars.   In  such  soils  the  piles  need  very  little  abarpening;  indeed, 

better  be  drivea  wuhout  any ;  or  even  butt  end  down. 

10  driving  of  a  pile  In  soft  ground  or  mud  will  generally  oanse  an  adjaoent  one  previooaly  driven, 
an  outwarda  nnlesa  meana  be  taken  to  prevent  it. 

piling  an  area  of  firm  soil  it  Is  best  to  begin  at  its  oenter  and  work  outwarda ;  otherwise  the  soil 
beoome  ao  consolidated  that  the  central  ones  can  scarcely  be  driven  at  all. 
SlasAle  reaction  of  the  aoll  has  been  known  to  cause  entire  piled  areas 
ae,  together  with  the  piles,  before  they  were  built  upon. 
Q  very  firm  soil,  especially  If  stony ;  or 
Q  in  soft  soil,  if  tlie  piles  are  pointed,  and 
to  be  driven  to  rock;  their  feet  sliould 
protected  by  shoes  of  either  wruuglit 
I,  as  ut  a, «,  and  b,  Figs  13 ;  spiked  to  the 
•  by  means  of  the  iron  straps  n,  forged 
hem ;  or  of  cast  iron,  as  at  c,  wliere  the 
a  is  a  solid  inverted  cone,  the  wide  flat 
9  of  which  affords  a  good  bearing  for  tiie 
bottom  of  the  pile-point.    The  dotted 
I  is  a  stout  WTOUght-iron  spike,  well  se- 
ed in  the  cone,  which  is  cast  around  It ;  _ 
.  holds  the  shoe  to  the  pile.    Regular                            DgtzedbyGoOglc 
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im)ag^t-lroii  shoea  will  generally  weigh  18  to  90  Ibi ;  but  ibeet  Iron  maj  be  aaed  wben  the  sqII  ii  but 
acderauiy  Mmpaet;  pUto  iron  when  nore  so ;  and  solid  Iron  or  eteel  point*,  from  S  to  4  ina  aqaare 
at  the  butt,  and  4  to  8  ins  long,  when  very  compact  and  stony.  Holes  may  be 
drilled  in  riMSk  for  receiving  the  points  of  piles,  and  thus  preventing  them 
from  alipping :  by  fint  driving  down  a  tabe,  as  a  guide  to  tbe  drill,  after  the  earth  is  oleaned  oat  «t 
the  tube.  To  prefterve  tiie  headn  to  some  extent  from  splitting  under  the 
blowa  of  the  hammer,  thej  are  nanallr  sarrounded  hj  a  hoop  A,  Fig  d;  from  X  to  1  inch  thick ;  and 


IM  to  S  ins  wide.  These  are,  however,  sometimes  but  imperfect  aide ;  for  in  hard  driving  the  head 
will  crash,  apUt,  and  bulge  out  on  all  sides,  frequently  for  many  feet  below  the  hoop:  moreover,  the 
hoops  often  split  open.  The  heads,  therefore,  often  have  to  be  sawed,  or  pared  off  several  UmM 
before  the  pile  U  oompleteiy  driven ;  and  allowance  must  be  made  for  this  Iocs  in  ordering  nllea  for 
any  given  work :  espeoiHlly  in  hard  soil.  Oapt  Tumbnll,  U  8  Top  Eng,  atates  that  at  the  Potomac 
aqueduct,  hi^  pileheads  were  preaerved  front'  iqjury  bf  the  simple  expedient  of  diahlng  them  oat  to  a 
depth  of  about  an  inch,  and  covering  them  by  a  looae  plate  of  aheet  iron ;  aa  ahown  in  aeotloa  at «, 
Figs  IS.  A  verv  slight  degree  of  brooming  or  crashing  of  the  bead,  materiallT  diminishes  the  force 
of  iberam.  Plies  may  b«  drtvpn  thmimh  smuU  loose  rubhl#  without  mn^'h  mbor.  Shaw's  driver 
does  not  injure  the  heads.     V '  ^  !  on  .'^toping  rii<>  led. 

To  drive  a  pile  Iksmi  inflow  water  u  w      :  u  ;  u  i<  h    or  follower,  as 

at  j»,  Pigs  13,  maj  be  used.  The  fnot  of  this  punch  fits  into  the  upper  jinn  of  a  casting//,  round  or 
square,  according  to  the  shape  of  the  pile  ;  and  having  a  transverse  panltton  o  o.  The  lowerpart 
of  the  Ga<iting  is  fitted  to  the  head  of  the  pile  I;  and  the  hanimer  falls  on  top  of  the  punch,  when 
driving  piles  vertically  in  very  soft  soil,  to  support  retaining- walls,  or  other  structures  exposed  te 
horizontal  or  toclined  forces,  care  must  be  taken  that  these  forces  do  not  push  over  the  piles  them- 
selves ;  for  in  such  soil»  piles  are  adapted  to  resist  vertical  forces  only,  unless  they  be  driven  at  m 
inclination  corresponding  to  the  oblique  force. 

A  broken  pile  mtty  be  <lrawn  €»nt,  or  at  least  he  started,  if  not  verj 

firmly  driven,  by  attacblag  soocvs  to  it  at  low  wator,  depending  on  tbe  rising  tide  to  loosen  it.  Or  a 
long  timber  may  be  u:ied  as  a  lever,  with  the  bead  of  an  adjacent  pile  for  Us  fulcrum.  Or  a  crab 
worked  bv  the  engine  of  the  pile  driver.  In  very  difficult  cases  the  method  devised  by  Mr  J.  Jfonrce, 
C  E,  may  be  used.  A  4  Inch  ^a<<  pipe  \h  ft  long,  shod  with  a  solid  steel  point,  and  having  an  otiter 
Shoulder  for  sustaining  a  olroular  punch,  was  thereby  driven  close  to  aud  :i  or  .1  fl  deeper  than  two 

fdles  driven  I'lfi,  in  37  ft  water,  and  broken  off  by  ice.  Four  pound*  of  powder  were  then  deposited 
n  tbe  lower  end  of  the  pipe,  and  exploded,  lifting  the  piles  completely  out  of  place.  It  will  oftea  be 
best  to  let  a  broken  pile  remain,  and  to  drive  another  close  to  it.    May  be  drawn  by  hfdraollB  p>eta. 

Ice  adherefii  to  plle»  with  a  force  of  about  30  to  40  lbs  per  eq  inob,  and  in 

rising  water  may  lift  them  out  of  place  if  not  sufficiently  driven. 
Iron  piles  an«l  cylinders.    Cast  iron  in  various  shapes  has  been  muck 

used  in  Europe  for  sheet  piles:  especially  when  intended  to  remain  as  a  facintt  ftwtbe  protaetion  of 
concrete  work,  tilled  in  behind  and  against  them.*  Cast-iron  cylinders,  open  at  both  ends,  may  bt 
used  as  bearing  pilea ;  and  may  be  cleaned  out,  and  filled  with  concrete,  if  required.  The  friction  is 
driving  is  greater  than  in  solid  piles,  ina<imuoh  as  it  takes  place  along  both  tbe  Inner  and  theoutm 
surfaces.  This  may  be  diminished  by  gradually  extracting  tbe  inside  soil  as  ttiey  go  down.  They 
require  much  care,  and  a  lighter  hammer,  or  lesa  fall  ihan  wnoden  ones,  to  prevent  breaking:  ts 
which  end  a  p;—-'  -'-^■■^^-l  -h-'^'r^  ^j-  :■  r.--;n^r.'>  v.^.^,^,..,  .^,.  ^,^,„^,^^  .,,..,  (|,g  j,|]gj  or  the  raas  may  be 

of  wood.    i.  -v!  .'W  oyllnders, which, 

moreover,  giv«i  tlitim  Llie  advaiiLast;  of  a  _juaJ  Laae.  oj  lu.  <.ii^  ± „. 

Brnnel'M  process.    He  experimented  with  an  open  cast-iron  cylinder,  3  f| 

outer  diam ;  I H  iQ*  ^iok ;  in  lengths  of  10  ft,  connected  together  by  internal  socket  and  Joggle  Jolnta, 
•eoored  by  pins,  and  ran  with  lead.  It  had  a  sharp-edged  hoop  or  cutter  at  bottom :  and  a  Itttl* 
above  this,  one  turn  of  a  screw,  with  a  pitch  of  7  ins,  and  projecting  one  foot  all  around  the  ontslds 
•f  the  cylinder.  By  means  of  capstan  bars  and  winches,  he  screwed  this  down  through  stiff  clay  an^ 
Mad,  W  feet  to  rook,  on  the  bank  of  a  river.  In  descending  this  distance  the  cylinder  made  1<1 
revoltdions ;  sinking  on  an  average  about  5  ins  at  each.  The  time  occupied  in  actually  screwing  was 
48^  honn;  or  about  1^%^  ft  per  hour.  There  weve,  however,  many  long  intervals  of  rest  for  clean, 
ing  away  the  soil  in  ihe  inside.  After  resting,  there  was  no  great  difficulty  in  reetartlag.  The  next 
flg  will  give  an  idea  of  tbe  arrangement  of  the  screw. 

The  screw-pile  of  Alex.  Mitchell,  Belfast,  consists  usually  of  a  rolled  iro^ 
■haft  A,  Figs  14,  from  3  to  8  ins  diam ;  and  having  at  its  foot  a  cast-iron  scretv 
8  8  8,  with  a  blade  of  from  18  ins  to  5  ft  diam.  The  screws  used  for  light-houseg. 
exposed  to  moderate  seas,  or  heavy  ice-fields,  are  ordinarily  about  3  ft  diam,  have 
11^  turns  or  threads,  and  weigh  about  000  lbs.  The  round  rolled  shafts  are  from 
5  to  8  ins  diam.  They  are  screwed  down  from  10  to  20  ft  into  clay,  sand,  or  coral,  by 
about  30  to  40  men,  pashing  with  6  to  8  capstan  bars,  the  ends  of  which  describe  h 
circle  of  about  30  to  40  ft  diam.  For  this  purpose  a  platform  on  piles  has  frequently 
to  be  prepared.  In  quiet  water,  this  may  be  supported  on  scows ;  or  h  raft  well 
moored  may  be  used  when  the  driving  is  easy ;  or  the  deck  of  a  large  scow  with  tk 
well-hole  in  the  center  for  the  pile  to  pass  throuffh.  Roughly  made  temporary 
cribs,  filled  with  stone  and  sunk,  might  support  a  platform  in  some  positions.  The 
platform  must  evidently  be  able  to  resist  revolving  horizontally  under  the  great 
pushing  force  of  the  men  at  the  capstan  bars ;  and  on  this  account  it  is  difficult 
to  drive  screws  to  a  sufficient  depth,  in  clean  compact  sand,  by  means  of  a  floating 
platform.    The  feet  of  the  piles  must  be  firmly  secured  to  the  screws,  to  prevent 

*  Cast  Iron,  Intended  to  resist  sea-ifvater,  should  be  close-grained, 

hard,  white  meul.  In  such,  the  small  quantity  of  contained  carbon  is  chemically  combined  with  the 
meUl ;  but  in  the  darker  or  mottled  irons  it  is  meohantoslly  combined,  and  such  iron  soon  becomes 
soft,  (somewhat  like  plumbago,)  when  exposed  to  sea-waier.  Hard  white  iron  has  been  proved  te 
resist  for  at  least  40  years  without  auv  deterioration :  whether  oonstanily  under  water,  or  alternately 
wet  and  dry.  Copper  and  bronxe  are  but  slightly  and  superBolally  affected  b7  ses-waur ;  but  destme' 
tlve  galvanic  action  Ukes  place  if  dilT  metals  are  in  contact.  ^^  ^^^^T^ 
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ifir  Iteing  lifted  out  of  them  by  the  upward  force  of  wavet  amiinat  the  snpei^ 
ractiura.  At  y  p,  Jigs  14,  is  shown  a  mode  of  splicing  or  unUing  the  different 
Bgths  or  section*  of  a  pile.  The  point  of  Jonotion  ia  at  • ;  r  r  is  a  stout  iron  ring 
ff^  on  to  the  lower  pile  p,  .  ^ 

boat  a  foot  or  18  ins  below  its  J 

ipv.  A  strong  cylindrical  cast- 

ig  n  n,  enclosing  the  ends  of 

ie  sections,  rests  on  this  ring, 

4  i«  pinned  through  the  piles, 

i  tit  It.    On  this  casting  are 

80  cast  projections  c  c  c,  for  at- 

tching  rods^  g,  and  beams »',  Ac, 

scessary  for  bracing  the  struo* 
ire  ftt)m  pile  to  pile.  The  time 
;tually  required  for  driving  a 
;rew  is  fh)m  2  to  10  hours,  in 
.Torable  circumstances. 
At  th«  Bmndywiae  ligbtboaM,  on 
Kand-b«nk  of  Ttry  pure  aaiMl,  eov- 
ed  6  or  8  n  at  low  water,  and  ftoni 

to  la  ft  at  high,  the?  oould  not  be 
reed  down,  from  a  fixed  platform, 
p  more  than  10  ft.  At  other  ptaoen  20  ft  in  sand  la  reached  without  mnch  trouble,  wbere  the  Kand 
ntaina  a  mod  deal  of  nrod.  but  lt«  bearlBC  power  !■  th«n  ton.  Thii  (ultimate)  raoiaa  between 
•out  1  and  6  tona  per  aq  ft  aooording  to  puntj,  depth.  oeapMtMas.  *e,  af  Has  aaad.  Id  imMrtut 
■ea  (be  bearing  power  ahouid  bt  tea  ted. 

MitobeU'a  pilea  have  been  aorewed  about  40  teet  into  a  mixture  of  cl»v  and  Bnn<l,  with  »cr*wt 
ft  diam.  They  paaa  through  amall  broken  atone  mid  coral  rock  without  mucb  dime ultr  ;  aod  will 
lah  aaide  bowldera  of  moderate  aiie.  Ordinarllj.  cUy  or  Baud  will  prcs«nt  uo  great  obitruciion  j 
it  oeoaaionally  either  of  them  wlU  do  ao.  Perfeotiv  pure  cltf&u  eaud,  as  a  general  rule,  gives  moat 
fflcnltj.  At  the  Brandywlne  ahoal  the  driving  wnn  nided  by  a  spur  and  pinion  placed  a»  low  as  the 
ater  permitted ;  and  the  levera  were  worked  by  Ho  man.  The  danger  of  twisting  oCT  tbc  shaft  li 
to  Unit  for  screwing  Ihem.    Thejr  are  much  need  fur  the  aoo boring  of  cbaina  for  mooring  buoje,  &e. 


n  land,  amall  aorewa,  with  abort  hollow  ahafta,  make  good  durable  aupport»  for  depot  pillars,  cranea. 
ooden  telegraph  polea,  station  signals  in  marine  turvejing,  &c,  Ac.  They  can  readilj  be  uniicrewed 
•r  remoTaL    Horses  or  oxen  may  be  need  in  driving  large  screws.    The  Brandy  wine  Ugbt-bonse 


ooden  telegraph  poles,  sUtion  signals  in  marine  «ur 

•r  remoTaL    Horses  or  oxen  may  be  need  in  drivli., 

ands  on  9  aerew-pllea,  whioh  are  surrounded  by  Si)  others  of  b\n*  diara,  as  renders.    Tbej  bare  to 

wist  not  only  moderate  seas,  but  immcpse  fields  -f  t'-ntiTir  i'^'^  rnileg  in  extent.    An  uDfinUhe4 

ruetore  was  deatroyed  by  loe,  whloh  at  times  Injtt  re    "  :    ,i    r  the  standing  one. 

T««i)  borinirs  «h<»ald  b«  miMle  to  unsure  that  the  screws  do  not  stop  Juat 
M>Te  a  very  weak  stratum  whioh  may  endanger  their  bearing  power.       So  with  anp  pilea. 

Bj  means  •f  a  Jet  of  water  forcibly  impelled  through  a  tube  hv  a  force 
uap,  the  moat  obstinate  sands  (but  not  etiff  elay  or  cemented  gravel)  will  be  loosened,  and  the  sink- 
ig  of  aorew-pUes,  or  wooden  ones,  or  even  the  largest  cylinders,  be  p^eatly  ftwilitated.  In  a  govera" 
lent  pier  at  Cape  Henlopen  in  very  compact  sand,  in  which  6  out  of  7 
irewa  proTionsly  broke  before  reaching  10  ft,  the  use  of  the  Jet  waa  found  to  reaioTO  more  thaa 
ireo-fonrths  of  the  reatsunee.*  The  pile  p  to  be  sunk  haTing  flrat  been  plaoed  ia  posttfea  m  la  Fla 
»,  the  lower  open  ends  II  of  a  btnt  iron  tnbe  I s  I  of  one  and  a 
larter  ins  bore  were  stood  upon  the  upper  face  of  the  screw  disk,  and 
lero  hold  firmly  by  8  or  4  men  while  tne  pile  was  being  screwed  down 
r  the  capstan  e,  which  was  worked  by  a  leading  rope  r.  From  the 
md  •  or  (he  pipe,  a  boss  k,  2  ina  diam.  led  to  the  force  pump,  ttie 
'Under  of  which  waa  6  ina  bore,  and  9  ins  stroke,  and  worked  about 
)  ftall  stfokea  per  minute,  by  a  mule  walking  on  a  tread  whoel  on  a 
MUlng  platform  /.  There  was  now  no  trouble  in  screwing  the  piles  to 
ly  reqoind  depth.  Prerious  trials  by  playing  (be  Jet  benealJI  (be  dlak 
iTO  ansa(lafao(ory  rosulta. 

In  noblle  Bay  sereral  thousands  of  wooden  pflea, 
om  18  to  48  ins  dlam,  were  sunk  Imm  10  to  SO  ft  into  obstinate  saad, 
(he  arerage  sinking  rate  of  aben(  1  ft  per  aooead,  eatkely  by  weens 
Jeti.  The  Jet  wae  propelled  by  a  cKy  steam  fire  engine,  on  a  ateask- 
•a(,  (brongh  iu  own  hose,  with  a  one  and  a  quarUr  inch  noiile. 
Bring  the  descent  the  ooule  n  n  waa  held  loosely  in  Its  place  near 
e  foot  of  the  pile,  by  two  staples  s  s  and  by  a  string  I  reaehlag  to  the 
rfaee.  The  piles  were  snipended  by  (heir  heads  fran  eheara.  by  (he 
Okie  of  which  their  deseent  was  regulated.  The  saad  settled  firmly 
enad  the  piles  In  a  few  minutes  after  they  were  snnk.t 

At  Tenaaa  Blver,  Alabama,  for  iron  cylinders  6  ft  dlam 
loloBlag  piles,  in  deep  light  shifting  saad,  the  Jet  was  forced  br 

'MTj  pump  of  SOD  to  900  revoludons  per  mioute,  through  a  oanras  hose  .1  fos  diam, 
M  a  eentral  conical  oas(  iron  vessel  10  ins  diam,  fh>m  which  radiated  13  gas  pipea  1 
}h  dlam,  and  aboa(  90  las  long.  A(  (he  outer  end  of  eaeh  of  these  radii  was  an 
lew  to  which  waa  attached  a  long  rertieal  pipe  reaching  down  into  the  cylinder, 
d  made  In  10  ft  lengths  with  screw  ends  for  prolonging  them  as  the  cylinder  went 
va.  Tbls  apparatas  was  raised  and  lowered  by  a  li|k(  Moek  and  line;  and  by  i( 
oe  eaeli  eyUnder  was  sank  aboa(  16  ft  in(o  (ha  llch(  saad  in  a  Caw  hoars.; 

•  Bepor(  See  of  War  187t.           t  John  W.  Glenn,  G  E,  Tan  Nostrand,  June  18T4. 
tOabrlelJ    "       --    - 


1  Jordan,  0  B  (  Trans  Am  Soc  0  B.  Pob  18T4. 
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At  tHe  Iievao  Tiadnct,  Mr  James  Bmnlee,  England,  In  a  light 

Ddy  marl  of  great  depth,  mak  hollow  east  iron  erliDders  of  10  ine  outer  dlam,  to  a  depth  of  10  ft. 
.,  meane  of  a  jet  pipe  2  Idi  diam  paaeiog  down  inside  of  the  oylioder,  and  through  a  hole  in  iu  baae, 
whioh  waa  a  oast  iron  disk  80  ins  diam,  and  1  inch  thick,  strengthened  hj  onteiite  flanges.    The  eon> 


necting  flanges  of  the  ojlinder  sections  are  outtide,  thus  impeding  thedeeoent,  as  did  also  the  broad 
bottom  disk ;  still  S  or  4  hours  usoallj  sufficed  for  the  sinking  of  eaoh,  to  20  ft  depth.  Actual  trial 
showed  that  their  safe  sustaining  power  was  about  5  tons  per  sq  ft  of  bottom  disk. 

At  I<oek  Ken  TiiUinet-  each  pier  consiBts  of  two  cylinders,  open  at  both 
ends ;  of  cast  iron,  8  ft  in  diam ;  1^  ins  thick ;  in  lengths  of  6  ft,  weighing  4  torn 
each ;  and  bolted  together  by  inside  flanges,  witii  iron  cement  between  them.  The 
cylinders  stand  8  ft  apart  in  the  clear ;  and  are  in  36  ft  water.  *'  A  strong  staging 
was  erected ;  and  4  guide-piles  driven  for  each  cylinder.  The  several  lengths  being 
previously  bolted  together,  these  were  lowered  into  their  places.  Each  cylinder  sauk 
by  its  own  weight  one  or  two  ft  through  tho  top  mud.  and  then  settled  upon  the  sand 
and  gravel  which  form  the  substratum  for  a  great  depth.  Into  this  last  they  were 
sunk  about  8  or  9  ft  farther,  by  excavating  the  inside  earth  under  water,  by  meaiig 
of  an  inverted  conical  •crew-pan,  or  dredger,  of  ^  inch  plate  iron.  This  was 
2  ft  greatest  diam,ttnd  1  ft  deep;  and  to  its  bottom  was  attached  a  screw  about  1  ft 
long,  for  assisting  in  screwing  it  down  into  the  soil.  Its  sides  had  openings  for  the 
entrance  of  the  sofl ;  and  leather  flaps,  opening  inward,  to  prevent  its  escape.  From 
opposite  sides  of  the  pan,  3  rods  of  ^  inch  diam  projected  upward  4  feet,  and  were 
there  forged  together,  and  connected  oy  an  eye-and-bolt  Joint  to  a  long  rod  or  shaft, 
at  the  upper  end  of  which  was  a  four-armed  cross-handle,  by  which  the  pan  wm 
screwed  down  by  4  men  on  the  stt^ng." 

"  When  a  pan  was  fbll,  a  elide  which  paseed  orer  the  Joint  at  the  bottom  was  lifted ;  and  the  paa 
was  raised  by  a  tackle.  This  pan  raised  about  1  cub  ft  at  a  time.  A  smaller  one  of  only  1  ft  diam, 
and  1  ft  deep,  raising  about  ^  cub  ft,  was  used  when  the  material  was  very  hard.    By  this  r 


the  cylinders  were  sunk  at  the  rate  of  from  2  to  18  ine  per  day.  The  slow  rate  of  S  ins  was  eaueed 
by  stones,  some  of  them  of  SO  lbs.  Tnsse  were  first  loosened  by  a  screw.piok.  which  was  a  bar  of 
iron  3  ft  long,  with  circular  arms  12  ins  long  projecting  from  the  sides.  After  being  loosened  by  this, 
the  stones  were  raised  by  the  pan.  The  expense  of  all  this  apparatus  was  very  trifling ;  and  the  eZ' 
eavation  was  done  easily  and  cheaply.  After  the  excavation  was  flnished,  and  the  OTiiuder  sunk, 
before  pumping  out  the  water,  concrete  (gravel  2,  hydraulic  eement  1  measure)  was  fllled  in  to  the 
depth  of  12  feet,  by  means  of  a  large  pan  with  a  movable  bottom ;  and  about  12  days  were  left  It  te 
harden.  The  water  was  then  pumped  out.  a^d  the  masonry  built  in  open  air.  In  some  of  the  OTlin. 
ders.  however,  the  water  rose  so  fast,  notwithstanding  the  12  ft  of  concrete,  that  the  pumps  oonld  not 
keep  them  clear ;  and  6  ft  more  of  concrete  had  to  be  added  io  those.  Finally  random-stone,  or  rough 
dry  rubble,  was  thrown  in  around  the  outaides  of  the  cylinders,  to  preserve  them  from  blows  aad 
ondermining."  *    The  masonry  extends  20  ft  above  the  «ylinders,  and  above  water. 

The  Tacnnm  and  plenum  processes.  We  can  barely  allude  to 
the  general  principles  of  these  two  modes  of  sinking  large  hollow  iroa  cylinders.  In 
»  of  Dr.  Lawrence  Holker  Potts,  of  London,  the  cylinder 
e,  Fig  16,  while  being  sunk,  is  closed  air-tight  at  top.  br  a 
trap-door,  opening  upward.  A  flexible  pipe  p,  of  India- 
rubber,  long  enough  to  adapt  itself  to  the  sinking  of  the 
cylinder,  and  provided  with  a  stopcock  s,  leads  from  the 
cylinder  to  a  vessel  v ;  which  may  be  placed  on  a  raft,  or  a 
scow,  or  on  land,  as  may  suit  circumstances.  The  cylinder 
being  first  stood  up  in  position,  as  in  the  fig,  the  water  Is 
112^ -|  A  pumped  out,  and  the  interior  soil  removed  if  the  cylinder 

^  has  sunk  some  distance  by  its  own  weight.    The  cock 

i  is  then  closed,  and  the  air  is  drawn  out  from  the  vessel  v 
by  an  air-pump.  The  cock  is  then  opened,  and  most  of  the  air  in  the  cylinder  rusher 
Into  the  void  vewel  v;  thus  leaving  the  cylinder  comparatively  empty,  and  therefore 
less  capable  of  resisting  the  downward  pressure  of  the  external  air  upon  its  top 
This  pressure,  as  is  well  known,  amounts  to  nearly  15  lbs  on  every  sq  inch ;  or  nearly 
1  ton  per  sq  ft  of  area  of  the  top.  Consequently  the  cylinder  is  forced  downward  in 
the  bed  of  the  river,  by  this  amount  of  pressure,  in  addition  to  its  own  weight.  At 
the  same  time,  the  pressure  of  the  air  upon  the  surface  of  the  water  is  transmitted 
through  the  water  to  the  soil  around  the  open  foot  of  the  cylinder ;  so  that  if  this 
soil  be  soft  or  semi-fluid,  it  will  be  pressed  up  into  the  nearly  void  cylinder,  in  which 
is  no  downward  pressure  to  resist  it.  The  descent  varies  from  a  few  inches,  to  4  or  6 
ft  each  time.  The  process  is  then  repeated,  by  admitting  air  again  into  the  cylin- 
der, opening  the  trap-door,  removing  the  water  and  soil,  as  before,  Ac.  Additional 
lengths  of  cylinder  may  be  bolted  on,  by  means  of  Interior  flanges. 
It  is  adapted  on  ly  to  soft  sol  Is,  and  to  wet  sandy  ones ;  but  is  not  sufflcient- 

iy  powerful  in  very  oompactones ;  nor  does  itanswer  where  obstructions  from  bowlders,  logs,  to.  ooeuf ; 

•Hollow  Iron  Pflea  either  east  or  wrought  with  solid  pointed  feet,  to  be  driven  by  the  hammer 
fklling  wide  of  them  and  striking  agaiost  the  top  of  the  solid  foot,  are  a  reoeat  deriee  of  great  use  in 
many  oases.  Thev  are  made  in  sections  of  which  enough  can  be  gradually  united  to  reach  any 
required  depth.  They  avoid  the  danger  eg  bending  which  attends  striking  the  top.  The  iron  feet  are 
swelled  outwardly  a  little  to  diminish  earth-fricUon  against  the  pile  above  them. 
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rHM?al  of  whioh  rMvlr«i  mm  to  enter  the  ojlinder  to  ite  foot ;  whloh  thtfr  eennot  do  In  the  nrefled 
The  pipe  j>  ihoald  be  of  suflloieDt  dUm  to  allow  the  air  to  leave  the  oyllnder  rapidly,  ao  that  the  * 
er  preseure  m%j  act  upon  the  top  aa  auddenlj  as  possible. 

t  the  Goodwin  Sands  li(ht-hoase,  England,  hollow  ojlinders  tH  ft  in  diam.  were  sunk  Si  ft  into 
d  bj  this  prooess.  in  about  6  hours ;  where  a  sieel  bar  oould  be  driven  onlj  8  f t  bj  a  sledge-ham- 
:■  Others,  IX  ins  in  diam,  have  been  sunk  16  ft  into  sand  within  less  than  an  hour.  Jn  this  last 
lance  the  air-pamp  had  two  barrels,  iH  iQ*  diam,  16  inch  stroke,  worked  bv  4  men.  The  pipe  • 
I  of  lead,  and  onlj  H  inch  diam. 

nie  plenum  procens,  invented  by  Mr  TH frer, 
France,  consistfl  in  forcing  air  into  the  cylinder 
D,  Fig  17,  to  BQch  an  extent  at  to  force  out  the 
ter,  compelling  it  to  escape  beneath  the  open  foot, 
o  the  surrounding  water.  The  interior  of  the  cylin- 
'  being  thus  left  dry  to  the  bottom,  men  pass  down  it 
loosen  and  remove  the  soil  at  and  below  its  base.  When 
s  is  done,  they  leave ;  the  compressed  air  is  allowed  to 
ape ;  and  the  cylinder,  being  no  longer  sustained  by 
)  upward  pressure  of  the  compressed  air  beneath  its 
),  sinks  into  the  cavity,  or  the  loosened  material  at  its 
t.  Fig  17  shows  the  simple  arrangement  by  which 
rkmen  are  enabled  to  enter  or  leave  the  cylinder, 
:hout  allowing  the  compressed  air  to  escape ;  as  well 
the  general  principle  of  the  entire  process. 

L  is  a  separate  small  chamber,  the  alr-loAk*  which  Is 
loved  when  a  new  length  of  pipe  is  to  be  added ;  and  afterward 
laced  and  flrmlj  bolted  on.  This  ehamber  baa  a  small  air-tight 
r  d,  bv  which  it  oan  be  entered  AroiB  without ;  and  another,  e, 
aing  into  the  ojrlinder.  The  flapa,  t.  A,  of  both  doors,  vptt  in- 
d,  or  toward  the  cylinder.  This  ehanber  also  has  two  stopoocks;  one.  a,  in  Its  floor,  oommnnt 
ng  with  the  eylinder ;  and  ona  e.  above,  eommnnioating  with  the  open  air.  At  •  is  a  bent  tube, 
'  with  a  cook,  which  passes  air-tight  through  the  side  and  the  bottom  of  the  air-lock.  Through 
le  eompreseed  air  is  forced  into  the  cylinder,  by  an  air  force  pump  or  oondensar ;  and  through  it 
same  air  is  allowed  to  escape  at  a  later  period.  ▲  siphon  is  shown  at  tinn.  A  drum  w  is  used 
iioisting  the  excavated  material  ft-om  tbe  bottom,  to  the  air-lock ;  its  axle  ( i  passes  air-tight  through 
nng- boxes  in  the  sides  of  the  lock  ;  tbe  hoistiog^  being  done  by  men  outside.  This  is  the  general 
ingement  employed  by  Mr  W.  J.  IfcAlpine,  CE,  of  New  York,  at  Harlem  bridge;  and  from  bis 
sription  of  it,  ours  has  been  condensed.  Tbe  cylinders  were  there  6  ft  diam,  1}4  ins  thick,  and  in 
;ths  of  9  ft.  bolted  together  through  inside  flanges  /,  as  the  sinking  went  on.  The  air-look  is  6  ft 
n,  by  nearly  6  ft  high ;  with  sides  of  boiler  iron ;  and  top  and  bottom  of  east  iron, 
ow  suppose  the  cylinder  CO  to  be  let  down,  and  steadied  in  position,  as  in  the  fig;  and  the  air- 
:  L  L  to  b«  adjusted  on  top  of  it.  The  next  prooess  is  to  force  in  air  through  the  curved  tube  • ; 
flap  t  of  the  lower  door  o.  and  the  cock  a,  being  previously  closed.  As  the  compressed  air  accn- 
atett  Ir;  t^i-  ry^T,i*<'--.  V  fr-^r-  mt  iVr  ?-nter ;  which  escapes  partly  beneath  the  bottom  of  the  oyl- 
»r.  and  pKrtly  bj  riijing  throuf!;h  the  !;I|>hoD  tin,  and  flowing  out  at  g.  The  door  o  being  ^ready 
ed,  and  that  at  d  open,  tbe  air  Id  the  nir-Iock  is  in  the  same  condition  as  that  outside;  so  that 
kmeo  can  eater  U  readily.  Having  done  so,  they  close  tbe  door  d,  and  the  cock  e;  and  open  th« 
:  a,  through  which  condensed  air  from  the  cylinder  rushes  upward,  soon  filling  the  air-look, 
en  thif)  it  done,  the  Qap  t  is  opened,  and  tha  men  descend  through  the  door  oby  a  ladder,  or  by  a 
ket  lowered  by  the  drum  w.  to  the  bottom.  Here  they  loosen  and  excavate  the  material  as  deep 
hey  can  ;  and,  fllMni;  U  into  a  bucket  or  bag,  they  signal  to  those  outside,  who  raise  it  to  the  air- 
,  When  f!.  »>■  '..,.,,;  ,1  ^  u  ek,  close  the  door  o.  and  the  cook  a ;  and  open  the  cook  «, 
mfh  which  &»„  ^^u^^^»^.J,  ...  .u  ..u<t  ..n^k  soon  escapes,  leaving  the  internal  air  the  same  as  that 
ide.  The  door  d  la  then  opened,  tbe  buckets  of  earth  are  removed,  and  the  men  go  out.  Finally 
cock  at  •  is  opened,  tbe  condensed  air  in  the  cylinder  escapes  through  it  to  the  outside  air,  and 
cylinder  sinks  by  its  own  weight  into  the  cavity  and  loosened  soil  prepared  for  it  at  iu  base,  aud 
Bh  la  new  foroed  up  into  tha  cylinder  by  the  rush  of  (he  returning  water.  The  proeets  ia  thea 
Mtad.  The  ainking  will  often  vary  from  0  to  10  or  more  feet  at  one  operation.  Until  depths  of 
r  60  ft.  moat  men  can  endure  the  pressure  of  the  oondensed  air ;  but  as  the  depth  increases  this 
>mes  more  diflicult,  and  positively  dangerous  to  life.  Cast-iron  cylinders  15  ft  diam  ;  and  great 
aona,  Fig  18,  have  been  thus  suuk;  but  at  times  at  great  expense  and  troobla. 

riie  cylinder  shoald  be  i^n'ded  in  its  descent  by  a  strong  frame,  which 

r  be  Bupported  by  piles.  Otherwise  it  will  be  apt  to  tilt,  and  thus  give  great  trouble  to  settle  it 
n  Its  uzaot  plaoa.    Have  bean  sunk  in  deep  water  by  divers  undermioing  inside. 

The  plenum  procesn  as  applied  at  the  South  St  bridge,  Phflada, 
tf  r.  John  W,  Murphy,  contracting  engineer,  differs  materially  from  that  described  above  ;  and 
eover  deoerves  notice  on  aocount  of  tbe  great  simplicity  and  efficacy  of  his  plant.  This  consisted 
:ly  of  two  canal  boata.  decked,  each  100  ft  long,  by  IIH  tt  wide,  and  8  ft  depth  of  hold.  They 
e  anohored  parallel  to  eaeh  ether,  16  ft  apart.  Supported  by  the  boau,  and  over  the  apace  between 
n.  waa  a  atrong  four-legged  shears  about  60  ft  high ;  at  the  top  of  iriiioh  was  attached  tackle  for 
idling  the  cast  iron  cylinders.  In  the  hold  of  one  of  the  boats  was  a  Barlel|rll 
nipressor  having  two  pistons  of  10  ins  diam,  and  9  ins  stroke;  together  with 
boiler.  On  the  deck  of  the  same  boat  stood  a  vertical  air-tank  or  refcnlator, 
t  long,  by  i  fi  diam.  made  of  quarter  inch  boiler  iron.  This  served  to  maintain  a  supply  of  com 
laed  air  in  the  submerged  cylinder  in  case  of  an  accidental  stopping  of  ihe  compressor;  whioh 
trwiae  would  probably  be  fktal  to  tbe  laborers  In  the  cylinder.  Tbe  condensed  air  flowed  from 
air-tank  to  the  air-look  of  the  cylinder  through  a  hose'  4  ins  diam,  made  of  gum  elastic  and  can- 
and  so  long,  and  ao  placed,  as  to  extend  itself  as  the  cylinder  went  down,  thus  maintaining  the 
mnnioation  at  all  timea.  Kntlrely  acroas  both  boats,  and  across  the  Interval  between  them,  eX' 
ded  two  heavy  wooden  elamps,  each  3  ft  wide  by  18  ins  hi^' 
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pf  three  pleoei  of  1 J  X  18  Inoh  timber  strongly  bolted  together.    At  tlie  oenten  of  ftafeM  otempe  ttM 
two  inner  vertio*!  sides  wbioh  tmoe^  each  other  were  hollowed  out  to  the  depth  of  a  foot  bj  oonceri' 


tiee  oorresponding  to  the  oarre  of  the  cylinders. 


The  distance  apart  of  the  olampe  wm  reyolated  by 
That  when  a  •eetion 


t^o  etrong  Iron  rods,  baring  •crew3  and  nuts  at  their  ends  for  that  porpoee.  f  hue  when  a  eeetion 
of  aoylfnder  was  hoisted  by  meani<  of  the  shears  into  ita  position  orer  the  space  between  the  two 
boata,  thetwoconcaTltiesof  theolamps  were  brought  Into  contact  with  it,  and  the  nuts  being  then 
screwed  np,  the  ejllnder  was  firmly  held  in  place  by  the  clamps.  The  shears  could  then  be  used  to 
raise  another  section  of  the  cylinder  to  its  place  upon  the  first  one,  that  the  two  might  be  bolted  to*  ' 
gether.  By  repeating  this  process  the  height  of  the  cylinder  wonld  soon  beoome  too  great  to  aHow 
the  shears  to  plaee  another  seotiou  upon  it;  in  which  case  the  outs  of  the  screws  were  slightlj 
loosened,  and  the  eylinder  was  allowed  to  slip  down  slowlr  into  the  water  until  Its  top  was  but  a 
little  abore  the  surface.  The  scnaws  were  then  again  tightened,  and  the  eylinder  again  held  fast 
ontil  other  sections  wen  added  antl  bolted  to  It.  When  there  was  danger  that  the  upward  pressuro 
of  the  condensed  air  might  lift  a  cv)M>i<>r  the  damps  were  raised  by  the  shears  clear  of  the  boata; 
then  tightoned  to  tho  cylinder,  ana  th  of  plunks  laid  upon  them,  and  loaded  with  stone. 

The  air-loek  was  so  arr  _^  -  not  to  require  to  be  removed  when  a  new  sec- 
tion was  to  be  bolted  on.  This  wa«  etfeoteU  as  foUows.  Scotioos  of  the  cylinder  were  bolted  together 
in  the  manner  Just  described,  until  its  foot  rested  on  the  bottom,  with  ita  top  a  few  feet  above  high 
water.  A  heary  cant  iroD  alaplirnirm  1^  inches  thick,  to  form  the  floor  of  th« 
air-lock,  was  then  placed  on  top.  Then  was  added  another  10  ft  high  eeetion  of  (he  eylinder,  to  form 
the  ohaafber  of  the  air-lock.  These  were  bolted  together :  and  then  anotiier  diaphragm  was  added 
at  top  to  form  the  roof  of  the  air-lock.  These  diaphcagms  were  furnished  with  openings,  and  wltli 
doors  and  Talves  eorresponding  with  those  shown  In  Fig  17.  and  remained  permanently  in  the 

cylinders  when  the  work  was  finished.  If  the  depth  of  soil  to  be  passed  through  before  reaehing 
rock  is  so  great  as  to  require  other  sectiona  of  orlinder  to  be  bolted  on  above  the  top  of  the  air-lock, 
this  may  be  done  to  any  extent,  inasmuch  as  it  is  immaterial  whether  the  air-look  is  under  water  or 
not.  Tq  keep  the  cylinder  both  air-  and  water-tlg^ht  the  faces  of 
the  iUnges  before  being  boltod  together  were  smeared  with  a  mixture  of  red  and  white  lead  and  oo»- 
ton  fiber. 

At  the  Sonth  St  bridge  the  cylinders  were  4,  6,  and  8  ft  diam  ;  fn  length! 
or  sections  10  ft  long.  They  were  all  \}i  inch  thick.  Inside  flanges  2H  Ins  wide,  1>4  thick,  with  belt> 
holes  l}i  inch  dlani,  by  5  ins  apart  from  center  to  center.  The' bottom  edge  has  no  Range.  A  lOfk 
BMition  of  an  8  ft  cylinder  weighs  14600  Ihs;  of  a  6  ft  one.  10800;  of  a  4  ft  one.  6800.  An  8  ft  dia- 
phragm, 2800  lbs  ;  6  ft,  1600;  4  ft,  T83.  The  rock  under  the  soil  was  quite  uneven  in  places;  but  was 
levelled  off  as  the  cylinders  went  down.  These  were  then  bolted  to  it  by  cast  Iron  brackets. 
The  work  went  on,  day  and  nijpbt.  summer  and  winter:  Mrith  no  inter- 
ruption from  the  tides,  floods,  or  floating  ice ;  and  the  thirteen  eolsmns  were  sank,  filled  with  con- 
crete, and  ctiiupletea  in  11  months  ;  much  of  which  wa.s  consumed  in  levelling  off  the  rock,  and  bolt- 
ing the  brackets.     The  want  of  guides  caused  much  tiltiug.  trouble,  and  delay. 

Rise  and  fall  of  tide  about  7  ft.  Greatest  depth  of  soil,  gravel,  &c,  passed  through.  80  ft:  least,  $ 
ft.  Depth  of  water  about  25  ft.  The  work  was  under  charge  of  John  Anderson,  a  very  skillful  and 
enereetic  siiperintenrleiit  of  such  matters.  The  entire  neat  cost  of  the  cylin- 
ders in  place,  and  filled  with  hydraulic  concrete,  was  approximately  S92  per  foot  of  total  length 
for  the  8  ft  ones  ;  $64  for  the  6  fc^  and  $40  tor  the  4  ft  dianis.  There  were  three  gangs  of  workmen; 
and  each  gang  worked  4  hours  at  a  time.  See  a.  full  and  very  instructive  description  with  engrav- 
ings, by  D.  M,  Btauffer.  Superintending  Engineer  for  the  city,  to  the  Journal  ef  tbu  Franklin  Inst, 
Nov.,  187JJ.  From  U  the  above  few  Items  are  taken,  Mr.  Anderson's  firm  (Audersmi  A  Barr.Tribunt 
Building,  N.  Y.)  have  since  sucoessfully  sunk  a  number  of  such  cylinders,  iucludiiig  (188M)  four  of 
wrought-lron,  8  ft  diam,  66  ft  long,  at  an  angle  of  45^  with  the  hof,  intended  as  struts  to  prevent  thM 
movement  of  one  of  the  abut  plen  of  Chestnut  St  bridge,  Phlla. 

Cast  iron  cylinders  liave  cracke<l  through, around  their  entire circom* 
fcrenoe.  In  many  parts  of  the  U.  S.  in  very  cold  weather;  owing  to  the  diCf  of  contraotioa  of  thS 
^n,  antl  of  thr-  '-oncrete  BUiug.    Igiioraut  use  of  thtstu  may  be  attended  by  great  danger. 


The  shaded  part  of  Fig  18  shows  a  transverse  section  of  the  calMM>n  of  jrello  W« 
pine  timber  and  cement,  for  the  Brookljrn  tower  of  Bast  Kiver  (N  Y) 

raspenslon  bridge,  of  1600  ft  clear  span.  It  is  168  ft  long  at  bottom,  and  102  ft  wid«. 
A  longitudinal  section  resembles  the  transverse  one,  except  in  being  longer,  and  in 
showing  more  shafts  J.  Of  these  there  are  6,  arranged  in  pairs,  for  expedition  and  as 
a  precaution  against  accident.  Namely,  two  water-shafts  J,  each  7  ft  by  6^  ft  across, 
for  rexaoying  bjr  buckets  and  hoisting  apparatus,  the  material  excavated  beneath  the 

caisson;  together  with  such 
water  as  may  accumulate  aft 
o  o;  two  air-8h*fts  of  21  ins 
diam,  throu^  which  air  is 
forced  from  above,  to  expel 
the  water  from  the  chamber 
G  S  S  D  below  the  caisson,  so 
as  to  allow  the  laborers  to 
work  there  at  undermining; 
the  expelled  water  escaping 
under  the  foot  C  D  of  the  cais- 
son, into  the  river ;  aud  two 
supply  shafts  of  42  Ins  diam, 
for  admitting  laborers,  tools, 
^-  tl&e  several  shafts  of  course  have  air-chambers  on  top,  on  the  same  principle  ti 
%  17,  to  prevent  the  escape  of  the  compressed  air  in  <  «.  C^r\r\n]o 
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Th«  JkatU  •«•  of  M  i**^  k^*^  **•■.  tb«  toe*  0  D.  Mm  tlnlim  hlfb,  la  oontlououa.  extendiDg 
MUnly  aroud  tbe  e«l«Ma;  iu  tottMH  Is  shod  wUh  mtt  Iron  ( lie  foar  ioriMrs  »re  tttaDftheotd  by 

WOOdCB  kMM  aO  ft  l«Df . 

From  tbe  bottom,  up  to  tbe  line  N.  N-,  14  ft.  tbe  eeUton  ie  built  of  borixontal  layers  of  timbeni  ote 
fbot  eqiiare;  tbe  layers  crossing  eaen  otber  at  rifbt  angles:  and  tbe  timbers  of  eacb  layer  toocbiag 
eaeb  otber  well  foroed  abd  bolted  togccber ;  and  sJl  tbe  Jointa  filled  wHb  pltcb.  To  aid  in  pre  venting 
leakage,  tbe  nou  and  beads  of  tbe  screws  bare  India-rubber  wasbers ;  also  all  outside  seams,  as  wen 
aa  all  tbe  seams  of  Ue  layer  of  timbers  N,  tf,  are  tborongbly  ealked:  and  a  larer  of  tin,  enclosed 
between  two  lajers  of  felt,  u  plaoed  outside  of  eaob  oatar  Joint;  and  over  tbe  entire  top  of  tbe  layer 
next  below  N.  N. 

When  tba  caisson  waa  bnlH  ap  ta  N,  V.  en  land.  It, was  taonobed,  floated  into  position,  snd  ancbored ; 
after  wblob  were  added  for  atnkkif  It.  flitean  eoorsea  ef  timbers  one  ft  square ;  and  laid  one  ft  apart 
In  the  elear ;  witb  (be  interrals  Ailed  witb  oonerele.  The  top  coorse  A  B  is  of  solid  timber,  to  serve 
as  a  floor  for  sapportiog  machinery,  kc  It  waa  sank  some  fbet  below  tbe  very  bottom  of  tbe 
rirer,  in  order  to  avoid  tbe  teredo. 

Oribe  are  sank  ontside  of  tbe  oaiseen,  to  ft»rm  temporary  wharves  for  boats  earrring  away  excavated 
material ;  and  for  veeaala  bringinf  stone,  4o. 

When  the  oaiseon  was  sank,  and  the  water  forced  onC  from  the  ebamber  or  a|»aee  CSS  D.woilcmen 
began  to  excavate  nnlfbrmly  tbe  enclosed  area  of  river  bottom,  so  as  to  allow  the  onlMon  to  deiieead 
riowly  until  it  reached  a  firm  subatratam.  The  space  0  S  S  D,  as  well  as  the  shafu,  was  thea  filled  up 
soUd  with  oenereta  nasonir.  A  ooflbr-dam  was  ballt  on  top  of  the  oaisson ;  and  in  it  the  reitnlar 
BMsenry  of  the  tower  was  started.  The  toUl  height  6f  tftis  tower  ineloding  the  oaisson.  is  about  900 
ft.    For  faU  details  see  report,  1878,  of  W.  A.  BeebliBg  the  ehief  engineer. 

Hollow  «jliiMlei«,  or  o4ker  foraiM  of  brickwork  or  mn- 
■OBnr,  with  a  Btrons  curb  or  open  ring  of  timber  or  iron  beueatli  them,  may  be 
padnaliy  sank  by  andemuning  and  esoavatiag  frea  %b/%  Inekls ;  and  form  very  stable  foundations, 
under  water  this  may  be  done  by  preperlf  khafM  seoopa,  whh  or  without  the  aid  of  tbe  diving-bell, 
'",  Ae.  On  land  it  will  often  be  the  most  eoonomioal  and  satisfaotor/  made. 
The  deeeent  may  be  assisted  by  loading  them,  if,  as  sometimes  happens,  tba 
fttoliaa  ef  tlieir  aidee  against  Ite  earth  ouuide  preveau  their  slakinf  by  their  own  weigbt.  A  bricjt 
oyUnder,  H  ft  outer  diam,  walls  I  ft  tbiok,  has  bean  sank  40  ft  la  dry  aand  and  gravel,  wltboai  anjr 
dlAeaUy.  It  was  built  18  ft  high,  (on  a  wooden  curb  SI  li»s  thiek.)  aad  weighsd  HOD  tons  before  the 
alnUng  was  begun.  Tbe  interior  earth  was  excavated  slowly,  so  that  the  slnkiag  was  about  1  ft  per 
day ;  «ha  walla  belnf  ballt  ap  aa  It  sank.       Tunnel  khafls  are  at  times  so  sunk. 

On  the  Rhine  for  a  coal  shaft,  a  brick  cjlinder  25U  feet  diam  waa  flriit  thus 
BBBk  by  ito  own  weight  76  ft  through  sand  and  gravel ;  then  aa  Interior  one.  15  A  diam.  was  sunk  ia 
tha  same  way  to  the  depth  ef  »•  ft  belew  the  surfaoe ;  of  whiob  depth  all  the  180  ft  below  the  flrst 
ofllnder  was  a  ranniag  aaiekaaad.  At  MO  ft  fHotieh  landered  tbe  cylladn*  ImmevaMb.  Tbeduiok 
Mod  waa  removed  by  borucj  ae  pamplac  ^"aadea* ;  hat  ttie  water  was  parmlttsd  to  keep  theeyl  ftiU* 

The  entire  foundatioa  fbr  a  large  pier  ef  masonry  has  baaa  sank  la  this  maoner.  In  a  siaf  la  maaa  i 
a  suflloient  number  of  vertical  openings  being  left  in  it  for  tbe  workmen  to  deeoead,  er  for  tools  to  be 
inserted  for  anderminlng.  ThU  is  generally  a  very  slow  and  tedious  operation,  especially  under 
wator.  U  maj  often  be  expedited  by  diving*brila  or  by  dirlng -drsesee.  It  will  generally  be  better  to 
make  tha  mass  wider  at  bottom  thaa  above  it,  eo  as  to  diminish  frieUon  against  tbe  ouuide  earth. 
On  land,  water  may  at  times  be  ased  for  softening  the  bottom  earth.  By  keeping  tbe  iaterier  of  suet 
hollow  masonry  drj.  It  may  even  be  huUt  downward  tnm  the  surface ;  by  uudermlaing  only  a  por- 
tlen  of  its  oireumferenoe  at  a  time,  flIHng  said  portion  with  masonry,  and  then  removing  and  flllina 
don ;  and  so  on  in  sueeeseive  stages  of  Sor  8  ft  downwaid  at  a  time.  This  mode  may  bt 
when  frietion  baa  slopped  the  einkinc  of  a  mass  by  tta  own  weight  when  andermlaed. 


aooordiuf  to  the  depth, 
eeaeeiafly  ia  Arm  soils. 
fHaHeaef  their  aidee  ai 


tae  ether  pertton ;  and  so  on  in  sueeeseive  stages  of  3  or  8  ft  downwaid  at  a  time.  This  mode  may  bt 
adopted  alao  when  fTietion  baa  slopped  the  einkinc  of  a  mass  by  tta  own  weight  when  andermlaed. 

■<!  nnmn  as  nsed  at  the  8t  Louis  bridge  will  often  be  of  serrice  in  tuis- 

iag  saad  trom  eyltnders  while  being  snak  in  water.  With  a  pamp  pipe  of  S.6  las  bere,  and  a  water 
jeft  under  a  pressure  ef  ISO  Iba  per  sq  Ineh,  30  cub  yds  of  sand  per  hoar  were  raised  Itt  feat.  Ajecaf 
air  haa  also  been  suooessfnllj  ased  in  the  saoM  way,  aa  at  tha  Eaat  Elver,  M  T,  sospeasion  bridge,  4a 

Faecinen.  On  marshy  or  wet  quicksand  bottoms,  fonndationa  nav  ha  laid  by 
tint  depositing  large  areas  of  layers  of  fascines,  or  stout  twi^s  and  small  bran^ea, 
strongly  tied  together  in  bundles  from  6  to  12  ft  long,  and  from  6  ins  to  8  ft  in  dian. 
The  layere  or  strata  of  baadles  shoald  erosa  eaoh  ether.  A  kind  of  floating  raft  or  large  mattress 
la  flrst  made  of  these,  and  then  sunk  to  the  bottom  by  being  loaded  with  earth,  gravel,  etoaas.  Ao. 
In  this  manner  the  abutments  and  piers  of  the  great  suspensloa  bridge  at  Kieff.  in  Russia,  witb  apaaa 
ef  440  ft.  were  founded  in  1852.  on  a  shifting  quicksand.    There  the  fascine  mattresses  extond  100  ft 


bwend  the  bases  of  tbe  maeonry  which  teeto  upon  tbeai. 

Vaaeines  may  be  naed  in  the  same  way  for  soatalaiag  raUway  ensbankmenu,  4o,  over  marshy 
ground,  but  they  will  settle  considerably. 

Snnd-niles*  We  baye  already  alluded  to  the  use  of  sand  well  rammed  in  layers 
into  trenches  or  foundatiou  pito;  but  it  may  also  be  used  in  soft  soils,  in  the  shape 
of  piles.  A  short  stout  wooden  pile  is  flrst  driren  6  to  10  feet  or  more,  according  to 
the  case.  It  is  then  drawn  out,  and  the  hole  is  filled  with  wet  aaad  well  rammed. 
The  pile  is  then  again  driven  in  another  place,  and  the  process  repeated.  The  inter- 
rals may  be  from  1  to  8  ft  in  the  clear.  Platfbrms  may  be  used  on  these  piles  as  on 
wooden  ones.  If  the  sand  is  not  put  in  wet,  it  will  be  in  danger  of  allerward  sink> 
lag  from  rain  or  spring  water.  In  this  case,  as  with  fascines,  it  is  well  to  test  the 
foundation  by  means  of  trial  loads.  Some  settlement  mast  ineritably  take  place 
ontil  all  the  parte  ooaie  to  a  full  bearing :  but  it  wHI  be  onmtparmtiveljt  trifling.  The 
same  occurs  in  eveiy  large  work  tu  some  extent ;  hs  in  a  roof  or  arch  of  great  span, 
whether  of  wood,  iron,  or  masonry ;  so  also  with  all  tall  piers,  walls,  Ac,  Ac.  Sandy 
foundations  under  water  should  be  surrounded  by  stout  well-driven  sheet- piling,  to 
prevent  the  enclosed  suid  from  running  out  in  case  the  outer  sand  is  washed  away 
and  should  also  be  defended  by  a  deposit  of  randon-atona. 
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On  bad  bottoms  under  water,  •mall  artificial  islands  of  good  soil  bsTe 
been  deposited ;  and  the  masonry  founded  upon  th^u.  Canal  locks  and  other 
structures  may  at  times  be  advantageously  founded  in  this  way  in  marshy  soils. 
If  necessary,  a  depth  of  several  feet  of  the  bad  soil  may  be  dredged  out  before  the 
firmer  soil  is  deposited ;  and  the  latter  may  be  weighted  by  a  trial  load  to  test  its 
stability. 

The  mode  of  laying  a  foundation  under  water,  by  building  the  masonry  upon 

'  a  timber  platform  above  water,  upheld  by  strong:  screws,  and  lowered  into 

the  water  as  the  work  is  finished  in  the  open  air,  a  course  or  two  at  a  time,  has 

of  late  been  much  employed  with  entire  success,  in  large  bridge>piers  in  de^ 

water.  It  however  is  not  new.  It  was  suggested  more  than  100  years  ago  by  Belidor. 

Files  are  driven  6  to  10  ft  apart  arouud  the  space  to  be  occupied  by  the  pier ; 
having  their  tops  connected  bv  heavy  timber  ca|>-pieces.  These  last  uphold  the 
screws,  which  work  through  them.    The  whole  is  braced  against  lateral  motion. 

AcLUMPOFPiLBSWBLL.  DRiVEK  *,  aud  then  enclosed  by  an  iron  cylinder  sunk 
to  a  firm  bearing,  and  filled  with  concrete,  is  an  excellent  foundation.  The  piles 
may  extend  to  the  top  of  the  cylinder,  and  thus  be  enclosed  in  the  concrete.  Such 
an  arrangement  has  been  patented  by  S.  B.  Cushing,  C.  £.,  Providence,  R.  I.  The 
cvlinder  and  concrete  serve  to  protect  the  piles  from  sea-worms,  and  from  decay 
above  low  water ;  and  are  not  intended  to  support  the  load  above  them. 

STONEWOEK. 

Where  work  is  done  on  a  large  scale,  blasting  can  sometimes  be  done  at  from  10 
to  20  percent  less  cost  per  cubic  yard  by  means  of  machine  drills  and 
dynamite,  than  by  nand  drills  and  srnnpowder.  Ordinarily,  how- 
ever, the  cost  is  about  the  same,  and  the  advantage  of  the  newer  methods 
consists  rather  in  economy  of  time,  convenience,  aud  naviug  the  work  more 
entirely  under  control.  In  ordinary  railroad  work  in  average  hard  rock,  and  when 
common  labor  costs  $1  per  day  of  ten  hours,  the  cost  per  cubic  yard,  for  loosening, 
will  ordinarily  range  between  30  and  60  cts,  including  tools,  drilling,  powder,  <&c. 

Moles  for  blastingr*  drilled  by  hand,  are  generally  from  2>^  to  4  ft 
deep ;  and  from  1>^  to  2  ins  diam.  €ham-drillin§r  is  much  more  expeditious 
and  economical  than  that  \)y  jumping , mentioned  below.  The  churn-drill  is  merely 
a  round  iron  bar,  usually  about  iV  ins  diam,  and  6  to  8  ft  long ;  with  a  steel  cutting 
edge,  or  bit,  (weighing  about  a  Ot>.  and  a  little  wider  than  the  diam  of  the  bar,) 
welded  to  its  lower  end.  A  man  lifts  It  a  few  inches  ;  or  rather  catches  it  as  It 
rebounds,  turns  it  partially  around  ;  and  lets  it  fall  again.  By  this  means  he  drills 
from  5  to  15  feet  of  hole,  nearly  2  ins  diam.  in  a  day  of  10  working  hours,  depend- 
ing on  the  character  of  the  rock.  From  7  to  8  ft  of  holes  \%  ins  diam,  is  about  a 
fair  day^s  work  in  bard  gneiss,  granite,  or  compact  siliceous  limestone;  6  to  7  ft 
in  tough  compact  hornblende ;  8  to  5  in  solid  quartz  ;  8  to  9  In  ordinary  marble 
or  limestone;  9  to  10  in  sandstone;  which,  however,  may  vary  within  all  tbeee 
limits.  When  the  hole  is  more  than  about  4  ft  deep,  two  men  are  put  to  the  drill., 
Artoslnn,  and  oil  wells,  in  rock,  are  bored  on  the  principle  of  the  churn-drill. 

Thejnmper,  as  now  used,  is  much  shorter  than  the  cnurn-drill.  One  man  (the 
holder)  sitting  down,  lifts  it  slightly,  and  turns  it  partly  around,  duringtbe  inter- 
vals between  the  blows  from  about  8  to  12  &>  hammers,  wielded  by  two  other  labor- 
ers, the  strikers.  It  can  be  used  for  holes  of  smaller  diameters  than  can  be  made 
by  the  chum-drill ;  because  the  tiolder  can  more  readily  keep  the  cutting  end  at 
the  exact  spot  required  to  be  drilled.  It  is  also  better  in  conglomerate  rock ;  the 
hard  siliceous  pebbles  of  which  deflect  the  churn-drill  from  its  vertical  direction, 
so  that  the  hole  becomes  crooked,  and  the  tool  becomes  bound  in  it.  The  coal 
conglomerates  are  by  no  means  hard  to  drill  with  a  jumper.  The  jumper  was 
formerly  used  for  large  deep  holes  also,  before  the  churn-drill  became  estaolisbcd. 

£ither  tool  requires  resharpening  at  about  each  6  to  18  inches  depth  of  hole; 
and  the  wear  of  the  steel  edge  requires  a  new  one  to  be  put  on  every  2  to  4  days. 
With  iron  jumpers,  the  top  also  becomes  battered  away  rapidly.  As  the  hole 
becomes  deeper,  longer  drills  are  frequently  used  than  at  the  banning.  The 
smaller  the  diameter  of  the  hole,  the  greater  depth  can  be  drilled  In  a  given  time ; 
and  the  depth  will  be  greater  iu  proportion  than  the  decrease  Of  diam.  Under 
similar  circumstances  three  laborers  with  a  jumper  will  about  average  as  much 
depth  as  one  with  a  churn-drill. 

The  hand-drill,  in  which  the  same  man  uses  both  the  hammer  and  the  short 
drill,  is  chiefly  used  for  shallow  holes  of  small  diam.    With  it  a  fair  workman 


will  drill  about  as  many  feet  of  hole  from  6  to  12  ins  deep,  and  about  ^  inch  diam, 
as  one  with  a  churn-drill  can  do  in  holes  about  3  ft  deep  and  2  ins  (flam,  In  the 
""    -  --        '^  '      '     •  '        ied  for  boring  *   * 

y  Google 


same  time.    Only  the  jumper  or  the  hand-drill  can  be  used  for  boring  holes 
^ch  are  horizontal,  or  much  inclined. 
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.  €Mit  of  qaarrjriBfl*  stove.  After  flie  preliminary  expeneee  of  pnrcbMiag 
the  lite  of  a  good  quarry ;  cleaning  oiT  the  suface  earth  and  dif integrated  top  rock ; 
and  proTiding  the  necessary  tools,  tmcks,  cranes,  Ac ;  the  total  neat  expenses  for 
gdting  out  the  rongh  stone  fbr  masonry,  per  cnb  yard,  ready  for  dellvenr,  may  be 
roughly  approximated  thus:  Stones  of  such  sizes  as  two  men  can  readily  lift,  meas- 
ured in  piles^  will  cost  about  as  much  as  from  ^^  to  ^  the. daily  wages  of  a  quarry 
laborer.  Large  stones,  ranging  from  ^  to  1  cut)  yd  each,  got  out  by  blasting,  from 
1  to  2  daily  wages  per  cub  yd.  Large  stones,  ranging  ft-om  1  to  IJ^  cub  yds  each,  in 
which  most  of  the  work  must  be  done  by  wedges,  in  order  that  the  individual  stones 
■hall  come  out  in  tolerably  regular  shape,  and  conform  to  stipulated  dimensions ; 
from  2  to  4  daily  wages  per  cnb  yard.  The  smaller  prices  are  low  for  sandstone, 
whila  the  higher  ones  are  high  for  granite.  Under  ordinary  circumstances,  about 
1%  cub  yds  of  good  sandstone  can  be  quarried  at  the  same  coat  as  1  of  granite ;  or. 
In  other  words,  calling  the  cost  of  granite  1,  that  of  sandstone  will  be^;  so  that 
the  means  of  the  foregoing  limits  may  be  regarded  as  rather  full  prices  for  sandstone ; 
rather  scant  ones  for  granite ;  and  about  fiair  fer  ymestone  or  marble. 

Cost  of  dressiiHT  atone.  In  the  first  place,  a  liberal  allowance  should  be 
made  for  wwite.  Kven  when  the  stone  wedges  out  handsomely  on  all  sides  from 
the  quarry,  in  large  blocks  of  nearly  the  requited  shape  and  size,  from  ^  to  ^  of 
tne  rough  block  will  generally  not  more  than  coyer  waste  when  well  dressed.  In 
moderate^iied  blocks,  (say  aTeraging  aboat  y^  a  onb  yard  eachj  and  gat  out  bj 
blasting,  from  ^  to  ^  will  not  be  too  much  for  stone  of  medium  oharaoter  as  ta 
straight  splitting.  About  the  last  allowance  should  also  be  made  for  well-scabbletf 
rubble.  The  smaller  the  stones,  the  greater  mxist  be  the  allowance  for  waste  in 
dressing.  In  large  operations,  it  becomes  expedient  to  have  the  stones  dressed,  as 
far  as  possible,  at  the  quarry ;  in  order  to  diminish  the  cost  of  transportation,  which, 
when  the  distance  is  great,  constitutes  an  important  item-- especially  when  by  land, 
and  on  common  roads. 

■  A  Stone^ntter  win  firat  take  oat  of  wind;  and  then  fairly  patont-haminef'  dreai,  about  8 
to  10  nq  ft  of  plain  ftMM  la  hard  graaite.ln  a  daj  <^  8  working  hows;  or  twloe  •■  mnob  of  raoh  late< 
rior  dresiiing  aa  is  uauaUy  bestowed  on  tbe.beds  and  joiaU ;  and  genorally  on  tbe  faoM  al«o  of  bridga 
masonrj.  &o,  when  a  verj  fine  flnisb  is  not  required.  In  good  sandstone,  or  marble,  be  can  do  about 
yi  more  than  in  granite.    Of  JIneat  bammer  finish,  granite,  i  to  5  sq  ft. 

Cost  of  masonry.  Every  item  composing  the  total  cost  Is  liable  to  much 
variation ;  therefore,  we  can  merely  give  an  example  to  show  the  general  princvpU 
apon  which  an  approximate  estimate  may  be  made ;  assumiug  the  wiaires  or  A 
laborer  to  be  92.00  per  day  of  8  working  hours ;  and  S3.60  for  a  mason.  The 
monopoly  of  quarries  affects  prices  very  much.* 

Cost  of  aslUar  facing  masonry.  Average  size  of  the  stones,  say  ff  ft 
long,  2  ft  wide,  and  1.4  thick ;  or  two  such  stones  to  a  cub  yd.  Then,  supposing  tha 
stone  to  be  granite  or  gneiss,  the  cost  per  cub  yd  of  masonry  at  snen  wafres 

will  be,      UeUing  out  the  stoue  from  the  quarry  by  blasting,  allowing  ^  for  wa«te  in 

Aresslng;  1 «  cob  yds,  at  fS.OO  per  yard •*# 

DrassingMsqftof  rao«atS5ot* *■» 

"       5i     "       bed*  andjoin«a,atl8ots «    »-36 

Neat  cost  of  the  dressed  stone  at  tbe  quarry 18.26 

Haaling,  sav  1  mile ;  loading  and  unloading l.aO 

y'trtar,  say » ^ 

'..•aying ,  inolading  aoaffold,  hoisting  maohinery,  saperintendenoe,  Ae 2.00 

Neat  cost / 21-86 

Profit  to  eontraotor,  say  16  per  oi 8-M 

ToUloost 25.14 

DrMsing  will  cost  more  if  the  faces  are  to  be  rounded,  or  moulded.  If  tba  atone*  are  smallar  thaa 
wa  have  assumed,  there  will  be  more  so  fl  per  cub  yd  ««  be  dressed.  Ac.  .u    w    w  .v 

If  in  the  foregoing  case,  the  stones  be  verftcUy  well  dressed  on  all  sides.  Including  the  back,  tha 
eost  per  cub  jd  would  be  increased  about  $10;  and  If  some  of  the  sides  be  purred,  aa  In  arch  stones, 
sav  il2  or  tU;  and  if  the  blocks  be  carefully  wedged  out  to  given  dimensions,  $16  or  $18;  thna 
making  the  neat  ooat  of  the  dressed  stone  at  th*  quarrjf  say  $28.  $ai,  or  $86  per  cub  yd. 

•  The  blocks  of  granita  for  Bunker  Hill  monvneBt  averaging  2  oub  yds  each,  were 
qnarried  by  wedging,  and  delivered  at  the  site  of  the  monument,  at  a  neat  actual  cost  of  $5.40 
oer  cab  vd ;  bv  the  Monument  Association ;  from  a  quarry  opened  by  themselves  for  the  purpose.  The 
^aooiation  received  no  profit ;  their  services  being  voluntary.  The  average  contract  offers  for  the 
same  were  $24.30 1  The  actual  com  of  getting  out  the  rough  blocks  at  the  quarry  was  $2.70.  Load- 
ins  noon  trucks  at  quarrv.  about  15  cts.  Transportation  8  miles  by  railway  and  oommon  road,  $2.55. 
TAal^5  40     In  1826  to  1845 ;  oommon  unskilled  labor  averaging  $1  per  day. 
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The  Item  or  lajlog  win  be  mueh  Inoreued  If  the  stone  bu  to  be  nlved  to  ffett  M^ti ;  or  Iflt  bM 
to  be  maeb  haodled;  u  wheo  carried  la  soovt.  to  be  depoelMd  in  vater-plen,  fto.  Almeak«Ter| 
large  vork  present*  certain  modifying  pecaliarities,  whieh  mast  be  left  to  the  Judgment  of  theeoft 
neer  and  oontraotor.  The  percentage  of  eontraotors'  profit  viU  nsoally  be  ieaa  on  large  worka  thao 
en  small  ones. 

Coat  of  ashlar  foelnfc  masonry,  if  the  stone  be  sandstone 

with  good  natural  beds,  the  getting  oat  ma/  be  pat  at  $3.00  per  cable  yard.  Faoe  dressing  at  38  eta 
per  sq  ft :  say  i3.64  per  cable  yd.  Beds  and  Joints  18  cts  per  sq  ft ;  say  $6.76  per  cab  yd.  The  neat 
oect,  laid,  $17.00. 

And  the  total  cost  of  larfpe  well  seabbled  ranffea 
sandstone  masonry  In  mortar,  may  be  taken  at  about  $10  per  cab  yA 

Cost  of  larffe  scabbled  irranlte  rnbble,  such  as  Is  eenerally  used  at 
backing  for  the  foregoing  ashlar ;  stones  averaging  about  ^  cnb  yd  each  : 

Oeetper 

I<abor  at  $1  per  day.  eabydof 

masonry. 
Getting  oat  the  stone  flrom  the  quarry  by  blasting,  allowing  H  for  waste  in 

scabbling;  l|  cab  yds  at  $3.00 $S.4S 

Healing  1  mile,  loading  and  nnloading      1.S0 

Mortar;  (Scab  ft,  or  l.o  strock  boshels  qu>cklini<>.  eic.cr  in  lamp  or  ground ; 

and  10  oab  ft,  or  8  strook  bosbeli  of  sbihI .  or  gravel ;  and  mixing). . .  .>.     1.60 
Beabbllng ;  laying,  ineludlBg  scaflbld,  heittting  machinery,  Ac 2.60 

Neat  cost 8.6S 

Profit  to  contractor,  say  15  per  et l.SO 

Total  cost f.W 

Common  rabble  of  small  stones,  the  average  sise  being  rach  ai  tw 
men  can  handle,  costs,  to  get  it  out  of  the  quarry,  about  80  eta  par  Turd  of  pito; 
or  to  allow  for  waste,  say  $1.00.  Hauling  1  mile,  $1.00.  It  can  be  nmghly  foabbled, 
and  laid,  for  $1.20  more ;  mortar  as  foregoing,  $1.60.  Total  neat  cost,  $4.70 ;  or,  with 
16  per  ct  profit,  $6.40,  at  the  above  wage$/or  labor. 

With  smaller  stones,  anoh  as  one  man  can  handle,  we  may  say,  stone  70  cts;  hanllng  $1 1 
Aying  and  scaflbld.  tools  4c,  $1:  mortar  $1.50.  Making  the  neat  cost  $4.30;  or  with  15  per  ct  profit,  $4.86. 
Mint  scabbled  irregnlar  range- work  costs  from  $2  to  $3  more  per  yd  than  mbMe;  aooordlag  to  the  oharae* 
tor  ef  the  stone  4c.  The  laylngof  thin  wails  costs  more  than  that  of  thick  eBes.  ««Bh  a«  abutments  *c^ 

The  eost  of  plain  d  inch  tbick  ashlar  faeingrs  for  dwellings  Ac  in 

Pliilada,  in  1888,  is  aljoat  as  follows  per  square  fr>ot  showing,  put  up,  iDcTn^og  everything.  Band- 
■tone,  $1.50  to  $1.36.  Pennsylvania  marble,  $2.50.  New  England  marble,  $2.75  to  f).2S.  Oraniw. 
$S.«5to$2.75.  If6  ins  tbick.  deduct  one-eighth  part.  First  ClaSS  MrtiflClal  StOne 
•Mid  be  made  and  pnt  up  at  one-third  the  prioe.  North  Rl  ver  bine  StOnO 

nafl^,  S  ins  thick,  for  footwalks,  put  down,  Imduding  gravel  ko,  70  cts  per  sq  foot  BelS^an 
Street  pavement,  with  gravel,  comjplet^  $8.50  per  sq  yard  m  Eastern  cities. 

When  dressed  ashlar  facing  is  backed  by  rubble,  the  expense,  per  cub  yard  of  the 
entire  mass  will  of  course  rarj  according  to  the  proportions  of  the  two.  Thus,  if 
ashlar  at  $12  per  yd,  is  backed  by  an  equal  thickness  of  rubble  at  $5,  the  mean  cost 
will  be  ($12  +  $5)  -4-  2  =*  $8.50 :  or  if  the  rubble  is  twice  as  thick  as  the  ashlar  then 
($12  +  $5  +  $5)  -^  8  »  $7.88,  &c.  Such  eomponnU  walls  are  weak  and 
apt  to  separate  in  time,  as  also  walls  of  cut  stone  backed  by  concrete,  or  by  brick ; 
from  unequal  settlement  of  the  two  parts^ 

▲t  times  the  eontraotor  must  be  aUowe^l  extra  in  opening  new  Marries:  in  forming 
short  roads  to  his  work ;  In  digging  foundations :  or  for  pumping  or  otherwise  draining  them,  whea 
•prinn  are  unexpectedly  met  with ;  for  the  centers  for  arches,  Ac ;  onless  theee  items  are  expressly 
neladisd  in  the  contract  t>er  eub  yd. 
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Art.  1.  A  r«tiiliilii|p»Wfil1  is  one  for  sustaining  the  pressure 
«f  earth,  sand,  or  other  fitting  or  backing,  deposited  behind  it  after  it  is  built ;  in 
diitinetioin  to  a  face* wall,  which  is  a  similar  structure  for  preventing  the  fall  of 
earth  which  is  in  its  undisturlied  natural  position,  but  i^  which  a  vert  or  inclined 
Awe  has  been  ezcaTated.  The  earth  is  then  in  so  consolidated  a  condition  as  to  exert 
little  or  no  lateral  pres,  and  therefore  the  wall  may  generally  be  thinner  than  a 
retaining  one. 

This,  however,  will  depend  upon  the  aaturo  sQd 
pMittop  of  the  atrata  in  whlcb  the  face  is  cut.    If  j 

the  «»tat»  are  of  rock,  with  interposed  bwdB  of  claj,  ^  CI 

eftrth,  or  sand  ;  and  if  they  dip  or  incline  toward  the 
■WM,  H  may  require  to  be  of  far  greater  thickness 
than  May  ordinary  retaining- wall ;  because  when  the 
tblliaeaiiis  of  earth  become  softened  by  Snflltrating 
rain,  they  act  as  lubrics,  like  soap,  or  tallow,  to  fa- 
ollitat*  the  sliding  of  the  rock  strata;  and  thus  bring 
■a  olermoua  prea  u^aiont  the  vail.  ()r  the  rock  raaj 
besMlo  motion  by  the  action  of  frost  upon  the  clay 
asMMt  or,  as  sometinieit  occurs,  by  the  tremor  pro* 
deoatf  by  passing  trains.  Even  if  there  be  no  rock. 
Kill  if  the  itrutu  of  soil  dip  toward  the  wall,  there 
wiUAtMays  be  dHujifer  uf  asiiiiiliir  re^uli;  aud  add!- 

doaal  ttrecautiouK  must  be  adopted,  especially  when  

t^eMData  tettob  to  a  murh  greater  height  than  the  rj ^V    '    il   *'  \     ffv'      ^BS^    y^-'" 

wall.     A  vertical  wall  hiu*  bpth  c  o    ,._^  LJ''  j.     "WWlm^"''^ ' 

■Bd  d  »  Ten.  '*^^_j_  '"Y"*'*^  ^Mto^^'"' 

Exi»erieiice,  rntiier  than  tli«o-      C^^SCi^lfTTOP^'  ' 

ry,  must  be  our  guide  in  the  building  of  LJTrr3TT?r?-T^ 

both  kinds  uf  wall.    We  recommend  that  ^  \ 

the  hor  thickness  a  6,  Fig  1,  at  the  base  of  a 
.  Tett  or  nearly  Tert  retainiug-wall  c  d  6  a, 

which  suittains  a  backing  of  eitlier  sand,  gravel,  or  earth,  level  with  its  top  e  tf, 
as  in  the  fig,  should  not  be  less  tiiau  the  following,  in  railroad  practice,  when  the 
foundations  are  not  more  than  about  three  feet  deep. 

"Wiieti  the  lN»«klii|g  Is  deposited  loonely,  an  asnal,  at  whm 

damped  from  cortt,  cars,  &c. 

WaU  of  cut-stone^  or  ofJlrst-oUm  large  ranged  rvkble, 

in  mortar... .joJ) .85  o/ <ts  tnHre  vtrt  keighit  t  b. 

"      good  eommtm  scabbUd  mortar^ubbUt  or  briek.  .4  •'  "  *•      " 

"      ^eU-9cabbUd  dry  rubble 6  «  "  "      " 

With  good  masonry,  however,  we  may  take  the  height  d  « instead  of  d  h,  and  then 
the  above  proportions  of  d  «  will  give  a  sufficient  thiokneM  at  the  ground-line  o  t. 

WlBen  tke  bAefclnir  is  ••mewliat  eoMaoitdated  In  hor  layers, 

each  of  these  thicknesses  mag  be  reduced,  but  do  rale  can  be  given  for  this. 

Tho  oflbet  o  s^  in  ftont  of  the  wall,  la  not  inoladed  in  tbeae  thieknesies. 

When,  however,  the  biwklng  is  a  pere  olean  sand,  or  grsTel,  m  ahonid  ose  onlj  the  fall  dhnen- 
■!•■• ;  InaCkmooh  m  the  tremor,  oaaaed  by  pMsing  trains,  would  BentraHze  any  npponA  advantage 
rroM  ramming  materials  «o  deroid  of  cohesion.  Sneb  sand  may  be  rammed  with  much  advantage 
for  the  parpoae  of  eompaoting  It  in  foundatioas ;  but  a  diff  prineiple  is  involved  in  that  ease.  When 
it  Is  doaeeven  with  oaheaive  eartba,  with  a  view  of  aaTlng  masonry  in  reuining-walls.  it  is  probable 
thftt  the  ezpooae  will  generally  be  fonnd  qaito  eqaal  to  that  of  the  masonry  saved. 

The  baae  a  b  in  Fig  1.  Is  -^  of  the  height  h  d.  In  the  foregoing  thicknesaes  at  base,  the  baok  d  h 
of  the  wall  la  snppoaed  to  be  vert;  and  the  faoe  ea  either  vert,  or  haUered  (sloped  or  inclined  back* 
ward)  u>  an  extent  not  exoeeding  about  \H  inches  to  a  foot;  which  limit  it  is  rarely  advisable  to  ex- 
seed  in  practice,  owing  to  the  bad  effect  of  rain,  kc,  apon  the  mer<ar  when  the  hatter  is  great.  The 
beae  of  a  vert  wall  need  not  in  fhet  be  as  thick  as  one  with  a  battered  face ;  but  when  the  batter  does 
neteaeeed  A.6  inehes  to  a  foei,  the  dig  ia  vary  amalL    See  Table.  Art  7. 

BSM.  I.  A  nilxtave  of  sand,  or  earth,  wtth  a  larye  |»roportloii 

-»  BOOWD  Bowu>BM  pavteg  pebblea.  in,  will  weigh  eouiderahlv  more  than  tbe  materials  ordinarily 
«Md  tor  baekiag;  and  will  exert  a  greater  prea  againat  the  wall ;  the  thlckneas  of  which  ahtMild  be 


BsM.  2.  Tbe  wall  will  be  stronger  if  all  the  eonrses  of  masonry  be  laid 
wltli  an  inclination  Inward,  as  at  oeb\  especially  if  of  dry  masonry, 
or  if  time  cannot  b«  allowed  (as  it  always  should  be,  when  practicable)  for  the  nor- 
iar  to  set  properly,  before  the  backing  is  deposited  behind  It.    The  ol^ect  of  indin- 
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ing  the  conraes,  is  to  place  the  Joints  more  nearly  at  right  angles  to  the  direetioii 
/P,  Figs  6,  7,  and  8,  of  the  pres  against  the  back  of  the  wall;  and  thus  diminish 
the  tendency  of  the  stones  to  slide  on  one  another,  and  cause  the  wall  to  bulge. 

When  the  courses  are  hor,  there  is  nothing  to  pre- 
vent this  alidinp;,  except  the  friction  of  the  stones,  one  upon  the  other,  when  of  dry 
masonry ;  or  friction  and  the  mortar,  when  the  last  is  used.  But  if,  as  is  frecuently 
the  case,  (especially  in  thick  aud  hastily  built  walls,)  this  has  not  had  time  to  harden 
properly,  it  will  oppose  but  little  resistance  to  sliding.  But  when  the  courses  ai« 
inclined,  they  cannot  slicU,  withciit  at  the  same  time  being  H/led  up  the  inclined 
planes  formed  by  themselves.  In  retainiug-walls,  as  in  the  abate  of  important 
Arches,  the  engineer  should  place  as  little  dependence  as  possible  upon  mortar;  but 
•hould  rely  more  upon  the  position  of  the  Joints,  tor  stability. 

▲n  otJeoUon  to  this  inoUning  of  the  join  to  in  dry  (withoat  morUr)  walls,  ia  that  ralD*wat«r,  fklllaf 
on  the  battered  face,  is  thereby  carried  inward  to  the  earth  backing :  wbleh  thus  beeomes  soft,  and 
settles.  This  may  be  in  a  great  measure  obviated  by  laying  the  outer  or  faoe-oourses  hor;  or  by 
naing  mortar  for  a  depth  of  only  about  a  foot  from  the  faoe.  The  top  of  the  wall  should  be  proteoied 
by  a  coping  e  d,  Fig  1,  which  had  better  prq}ect  a  few  ins  in  front.  After  the  masonry  has  beea 
built  up  to  the  surface  of  the  ground,  the  foundation  pit  should  be  filled  ap;  and  it  is  well  to  ooa« 
soUdate  the  fllllng  by  ramming,  especially  in  front  of  tne  walL 


The  baek  db  of  tbe  wall  sboald  be  left  rooj 


be  left  rooffb.    ] 

an  inch  or  two.    This  Im 


In  brickwork  it 


would  be  well  to  let  every  third  or  fourth  course  prqfeet  an  inch  or  two.  ^Ms  i  

of  the  earth  against  tbe  back,  and  thus  causes  the  resultant  of  the  foroee  aetiag  behind  the  wall  to 
become  more  nearly  vert ;  and  to  fall  farther  within  the  base,  giving  iDoreased  stablU^.  It  also  oca- 
duces  to  strength  not  to  make  each  course  of  uniform  height  throughout  the  thickness  of  the  wall ; 
but  to  have  some  of  the  stones  (especially  near  the  back)  sullleiently  high  to  reach  ap  through  two  or 
three  courses.  By  this  means  the  whole  masonry  becomes  more  eflbctaally  lotarloeked  or  bonded 
together  as  one  mass ;  and  therefore  less  liable  to  bulge.  Yery  thick  walls  nay  oooslst  of  a  fhelBf 
ef  masonry,  and  a  backing  of  concrete. 

Rbm.  S.  It  ia  the  pres  Itself  of  tbe  earth  against  tbe  bock,  that  oreatoa  the  Motion,  whleh  in  tva 
modifies  tbe  action  of  the  pres ;  as  tbe  wt  or  pres  of  a  body  upon  an  inoUtied  plane  produces  fmttoa 
between  the  body  and  the  plane,  anlBoient,  perhaps,  to  prevent  the  body  from  sliding  down  it  A  ra> 
^-'-'ag.wall  is  overthrown  by  being  made  to  revolve  around  iu  outer  toe  or  edge  e.  Fig  1,  as  a  fttl* 
1,  or  tarning-poiot ;  but  in  order  thus  to  revolve,  ito  back  must  first  plainly  rise;  and  in  dolof 
so  must  rub  against  the  backing,  and  thus  encounter  and  overcome  thia  friction.  The 
friction  exiaU  the  same,  whether  the  wall  standa  firm  or  not ;  as  in  the  ease  of  tbe 
bodv  on  an  inclined  plane ;  the  only  diflT  is  that  in  one  case  it  prevent*  motion ;  and 
in  toe  other  only  retardt  it. 

Where  deep  freezlni;  oeenrs  the  back  of  the  wall  should 

be  sloped  forwards  fSr  S  or  4  ft  below  ito  top  aa  at  e  o,  which  a  hould  be  qui  to  smooth 
■o  as  to  lessen  the  bold  of  the  frost  and  prevent  displaoement. 

Bm.  4.  When  the  wall  is  too  thin,  It  will  generally  fall 
by  bnlgrlnv  outward,  at  about  i^  of  its  hei^l  above  the 
ground,  as  at  a,  in  Fig  2.  A  slight  bulging  in  a  new  wall 
does  not  necessarily  prove  it  to  be  actually  unsafe.  It  is 
generally  due  to  the  newness  of  the  mortar,  and  to  the 
greater  pres  exerted  by  the  fresh  backing ;  and  will  often 
cease  to  increase  after  a  few  months.  It  need  not  excite 
apprehension  if  it  does  not  exoeed  ^  inob  for  each  foot  in 
thickness  at  a.    See  Remark  3,  Art  7. 


Art.  JJ.  The  young  engineer  need  not  la  practise  conoern  himself  partfenlarfy  aboatttiep 
BP  asAV  oi  ^  BACKiNa,  or  about  the  angls  of  slops  at  wbioh  it  will  stand ;  for  tbe  material  whiob 
he  deposit!.  .1  biud  his  wall  one  day.  may  bo  dry  and  incoherent,  so  as  to  slope  at  IH  to  1  :'the  noKt 
day  rain  diav  couvert  It  into  liquid  mud,  seekiog  its  own  level,  like  water;  the  next  it  may  be  ioe« 
capable  of  i^ustainfug  a  considerable  load,  as  a  vert  pillar. 

Moreover,  he  canuot  foretell  what  may  be  the  nature  of  hU  backing;  for.  as  a  general  rnle.  this 
must  conai^t  of  whatever  the  adjacent  excavation  may  prodaoe  from  time  to  tiise;  sand  to-day,  rook 
to-morrow,  &<i.  BetaioiDg- walls  are  therefore  uautvlly  built  before  tbe  engineer  knows  tbe  character 
ef  tbeir  backing ;  bo  that  in  practice,  these  theoretical  cnnsideratiooi  have  comparatively  but  little 
weight.  Thi'nrv.  uncontrolled  by  observation  and  common  sense,  will  lead  to  great  errors  in  every 
department  of  engineering;  but,  on  the  other  hand,  no  amount  of  experience  alone  will  compensate 
for  an  ignorance  of  theory.     Tbe  two  must  go  band -in- hand. 

Again,  tbe  settlement  of  tbe  backlnir  nnder  Its  own  wt,  aided 
by  the  tremors  produeed  by  heavy  trains  at  high  speed ;  its  expsmion  by  frost,  or 
by  the  infiltratiou  of  rain ;  the  hydrostatic  pressure  arising  from  the  admission  of 
the  latter  through  cracks  produced  in  the  backing  during  long  droughts ;  as  well  as 
ite  lubricating  action  upon  it,  (diminishing  its  frintion.  and  giving  it  a  tendency  to 
slide,)  Ac,  exert  at  times  quite  as  powerful  an  overturning  tendency  as  the  legitimate 
theoretical  pres  does.  The  action  of  these  agencies  is  gradual.  (Wefal  oA»servatioD 
of  retaining-walls  year  after  year,  will  often  stiow  that  their  battered  fhces  are  be> 
coming  vertical.    Then  they  will  begin  to  incline  outward ;  and  eventually  the  wall 

'1  fail.    Theory  omits  loads  that  may  come  on  backing  increasing  its  pres. 
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iMomiag  the  theoretical  rlaws  adTanced  by  Professor  Moaeley  to  be  correct  as 
flieorieB,  the  thicknesses  which  we  have  recummended  in  Art  1,  for  mortar  walls, 
eorrefpond  to  from  7  to  14  timef>;  and  for  dry  walls  about  10  to  20  times,  the  pres 
aasjgnedbyblm;  and  we  do  not  cousider  ours  greater  than  experience  has  shown 
to  bi  Deceasary.  See  Table  3.  Retaining- walls  designed  by  good  engineers,  but  io 
too  close  accordance  with  theory,  (which  assumes  that  a  resistance  equal  to  twio« 
the  theoreticMl  pres  is  sufficient,)  have  failed ;  and  the  inference  is  fair  that  many  at 
those  which  itaod  have  too  small  a  coefficient  of  safety. 


lanptloiis  of 


Tbt  hat  ii.  (or  tl  l«Mt  m  1%  app«an  to  as,)  there  most  be  tefeeta  in  the  tbeoretieal  t      __ 
MHM  of  Uit  most  promiDent  writere  who  give  prMtteal  rale*  on  this  sut^ect.    Thus  Poneelet,  who 
•MTtaiBlj  to  tt  tlMir  head,  aUtee  that  hia  labtea,  for  praetiMd  aee,  giT«  thiekneieee  of  baae  for  sas- 


"E^S 


laiaJog  1  ^  timm  the  (haoretioal  pree ;  aod  thla  he  oooaldara  maplj  aafe.    Tet,  for  a  Tert  wall  of  e«l 

graaite.  his  base  for  sustaining  dry  sand  level  with  the  top.  as  in  Pig  1,  is  .86  of  the  Tert  height; 

•ad  for  briok,  .46.    Bat  the  writer  foand  that  whan  not  tubjtct  to  trtmor,  a  wooden  model  of  a  Tart 

waU.  weif  hlag  bat  IB  Ibe  per  eab  ft.  and  with  a  base  of  .95  of  its  height,  balaneed  perlbeUy  drr  saad 

slopiag  at  lii  to  1,  and  weighing  8»  fts  per  oab  ft.  i^         t     i 

Vow,  ma  BssnTAKOV  of  aDtaaa  waua,  of  n»  mAuu  i>iinmK>M, 

VABoa  AS  THBiB  spictnc  SBATtTiBa ;  and,  sinoe  graaite  weighs  about  186 

lbs  per  enb  foot,  or  6  times  as  much  as  ear  model,  it  follows,  we  oouoeiTO, 

that  a  wall  of  that  material,  with  a  base  of  .86  of  its  height,  moat  have 

s  rssisunee  of  6  times  any  (rue  tAeoreMooi  pree,  instead  of  onlj  1.8 

times ;  and  that  bis  briok  wall  must  have  about  6  times  the  mere  bal- 

aneing  resistanoe.  Oar  experiments  were  made  in  an  apper  room  of  a 
strongly  built  dwelling ;  and  we  found  that  the  tremor  prodnoed  by  pass* 
ing  vehieles  in  the  street,  by  the  shotting  of  doors,  and  walking  about 
the  rooBi,  suffloed  to  gradually  produea  leaning  in  walla  of  eonsiderably 
more  than  twiee  the  mere  balaneiug  stability  while  quiet :  and  it  appears 
te  OS  that  the  iajurions  eflbots  of  a  heaTy  train  would  be  eomparatlTely 
loite  as  groat  upon  an  aetual  retaining- wall,  anpporting  so  UioohesiTe 
I  material  as  dry  sand. 

Sinoe,  therefore,  Poneelet's  wall  la  in  thia  Isatanoe  soffloiently  stable 
tor  praotU$t  it  seanu  to  us  that  his  thoory,  whieh  negleets  the  eflteet  of 
remors,  ko,  must  be  defbotiTe.  He  also  giTes  ^  of  the  height  ae  a  suf- 
oiently  safe  thiekneas  for  a  vert  granite  wall  sopporting  ttifftarth;  but 
re  saspeet  that  Tory  fsw  engineers  would  be  willing  to  trnat  to  that  pro- 
ortion,  when,  as  URual,  th^  earth  is  dumped  in  from  earta,  or  ears  i  espe* 
1:  '.ly  during  a  rainy  per.od.  If  deposited,  and  oonsolidated  in  layers, 
leory  eonld  searoely  assign  any  thickness  for  the  wall ;  for  the  backing  thus  becomes,  as  it  were,  a 
laaa  of  unbumt  brick,  exerting  no  hor  thrast;  and  requiring  nothing  but  protection  fkt>m  atmoapheria 
tflaoDoe.  to  insure  ita  stability  without  any  r«>f<rfn<n9-wali.    It  is  with  great  diffldenee,  and  distmat 

onr  opinions,  that  we  Tenture  to  express  doubts  respecting  the  assumptions  of  so  profound  an  in- 
tstigator  and  writer  as  Ponoelet;  and  we  do  so  only  with  the  hope  that  the  views  of  more  compa> 
at  persona  than  ourselves,  may  be  thereby  elicited.  Onr  own  have  po  better  foundation  than  ez« 
rimaata  with  wooden  and  briok  modala,  by  ourselves ;  eombiaed  with  obeerratloa  of  actual  walla. 

Art.  8«  After  a  wall  ahc  o.  Fig  8,  with  a  vert  back,  has  been  proportioned  by 
ir  rule  in  Art  1,  it  may  be  converted  into  one  with  an  oflbetted 

RelKy  as  a  t  n  o.  This  will  present  greater  resistance  to  overturning;  and  yet  con- 
in  no  more  material.  Thus,  through  the  center  t  of  the  back,  draw  any  line  t'  ft; 
►m  n  draw  n  #,  vert ;  divide  t  $  into  any  evm  number  of  equal  parts ;  (in  the  fig 
are  are  4 ;)  and  divide  s  n,  into  one  more  equal  parts :  (in  the  fig  there  are  5.)  From 
)  points  of  diviRlon  draw  hor,  and  vert  lines,  for  forming  the  offsets,  as  in  the  fig. 
n  the  offsetted  wall,  the  cen  of  grav  is  throvm  farther  back  from  the  toe  o,  tkian 
the  other,  thus  giving  it  increased  leverage  and  resistance:  but  within  ordinary 
ictical  limits,  the  diff  is  very  small ;  and  since  the  triangle  of  supported  earth  is 
ater  than  when  the  back  is  vert,  its  pres  is  also  greater;  so  that  probably  no  ap- 
ciable  advantage  attends  that  consideration.  Tbe  Increase  of  tblckncM 
ar  tlie  base,  dlmlnlstaes.  taoweirer,  the 
rem§^  «  a,  Fiff  8.  of  the  pres/P^  of  tlie 
rtll  against  the  back.    The  center  of  pressure  of 

prea  is  in  both  cases  at  %  the  vert  height,  meaa- 
1  from  tbe  bottom ;  and  it  is  therefore  plain  that 
Tarther  back  from  the  front  it  is  applied,  the  shorter 
t  V  a  become.  Moreover,  in  the  offsetted  back,  the 
7itcn  of  the  pres  becomes  more  nearly  vert  than 
1  the  back  is  upright.  It  is  to  these  causes,  rather 

to  the  throwing  back  of  the  csot  ef  grav,  that 
>IEMtt«d  wall  owes  its  increase  of  sUbility  ovar 
vith  a  Tart  back. 

•C  4.    IVhen,  as  In  Fiv  4,  the  iMbcklniT  !•  hiffker  tban  tbe 

I,  and  slopes  away  from  its  inner  edge  d,  at  the  natural  slope  d  a,  of  lU  to  1,  wa 
>ufldent  that  the  following  thicknesses  at  base  will  at  least  be  found  sufficient 
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for  vert  walli  with  sand.  They  are  deduced  from  the  experiments  J  list  alluded  to^ 
and  are  but  rude  approximations,  with  no  scientific  basis.  We  should  not  have  in- 
serted them,  but  for  the  fact  that  we  know  of  no  others  for  this  case. 

The  first  column  contains  the  vert  height  s  v,  of  the  earth,  as  compared  with  the 
Tert  height  of  the  wall ;  which  latter  is  assumed  to  be  1 ;  so  that  the  table  begins 
with  backing  of  the  same  height  as  the  wall,  as  in  Fig  1.  These  vert  walls  may  be 
changed  to  others,  with  battered  faces,  by  Art  8 ;  or  without  any  such  proceecUng, 
their  faces  may  be  battered  to  any  extent  not  exceeding  1)^  inches  to  a  foot,  or  1  in 
8,  without  sensibly  affecting  their  stability,  without  increasing  the  base. 

TABIiE  1.    (Original.) 


Hi 

it! 

Hi 

WaU 
of 

Good 
Hortar 

WaU 

WaU 
of 

CkMd 
Mortar 

WaU 

1 

Cut  Stone, 

Rubble. 

of 

o5| 

Oat  Stone 

Bubble, 

of 

in 
Mortar. 

or 
Brtok. 

11^ 

in 
Mortw. 

or 
Brlok. 

^JS 

Tliiokn* 

us  at  Base,  in 

paru  of 

Thickness  at  Base.  In  parU  of 

hS'S 

ttie  height. 

He's 

the  height. 

.85 

.40 

.60 

2. 

.58 

.63 

.73 

1.1 

.43 

.47 

.57 

2.6 

.60 

.66 

.76 

1.2 

.46 

.61 

.61 

8. 

.62 

.67 

.77 

l.S 

.4» 

.64 

.64 

4. 

.68 

.68 

.78 

1.4 

.61 

.6« 

.66 

6. 

.64 

.69 

.79 

1.6 

.62 

.57 

.67 

9. 

.65 

.70 

.80 

l.< 

.64 

.69 

.60 

14. 

.66 

.71 

.81 

1.7 

.66 

.60 

.70 

26. 

IS 

.6« 

.61 

.71 

or  more 

.68 

.78 

.88 

Art;.  5.  But  when  the  slope  n  n  Fig  5,  of  1^  to  1,  starts  from  the  outer  edge  « 
of  the  wall,  greater  thickness  is  required.  Poncelet  gives  the  following  for  this 
case,  for  dry  sand. 

TABIiE  2. 


^ 

^ 

;..'..,                    .    .    . 

f  s 

%% 

.-.y 

r 

"■-^11 

Wall 

of 

Out  Stone 

WaU 
of 

5* 

Wall 

of 

Cut  Stone 

t» 

^  .>^ 

/':       5» 

WaU 
of 

n. 

fc'  , 

Total  dep 
compared 
or  wall. 

In 
Mortar. 

Brickwork, 

1 

in 
Mortar. 

Brickwork. 

!              1 

.86 

.452 

2.4 

.762 

1.02 

B  /'!/ 

y^     1.1 

.3»3 

.498 

80 

.811 

1.11 

^.              1.2 

.439 

.548 

4.0 

.852 

1.18 

^      \              1.3 

.4»5 

.604 

6.0 

.MB 

1.25 

;              1.4 

.533 

.665 

11.0 

.909 

128 

^^^^^^  'f'^ 

:             1.5 

.579 

.726 

21.0 

.9« 

l.Sl 

m 

"      i:? 

.617 

.778 

31.0 

.926 

1.33 

.645 

.824 

loQDite. 

.934 

1.S4 

1.8 

.668 

.847 

Fig.  6 

1.9 
2.0 

.690 
.707 

.903 
.980 

Wbm  the  earth  reaches  above  the  top  of  the  wall,  as  in  Figs  4  and  5.  the  wall  is  Sll  rcbaiy^Cl  \ 
•a4  tbe  earth  that  is  oXyov  the  top,  is  called  the  surchabok.  When  the  surcharge  is  carefullT  depoeltad 
above  the  wall,  so  as  to  slope  back  at  a  steeper  angle  than  l>.j  to  1,  as  saj  at  1  to  1,  tbeorj  does  net 
reqaire  the  wall  to  be  as  thick.  Notwithstaoding  Ponoelet's  high  poeitioii,  the  writer  osonot  iaaM<n» 
that  the  base  of  a  brink  waU  need  be  no  great  as  1^  times  its  height  for  aoj  height  of  sand  whatever. 

Art.  6.    On  tbe  tb<N»ry  of  retalnlnfc-walta.    Lei  &  o  a  m.  Fig  6,  ta 

such  a  wall,  upholding  backing  or  filling  ctmg;  the  upper  surf  c  «  of  which  is 
hor,  and  level  with  the  top  b  c  of  the  wall ;  and  let  m  s  represent  the  uat  slope  of  the 
earth  which  composes  the  backing ;  m  g  being  hor. 

Abunduit  experlenoe  on  psblic  works  shows  that  this  slope,  whether  for  i«nd,  gravel,  or  earth, 
when  drj,  nay  be  praotieally  tokeu  at  14  to  1 ;  that  is,  \}i  hor,  to  1  of  vert  measurement:  whioh 
corresponds  to  an  angle  tmgot  TiSP  W  with  the  hor;  which  is  also  about  the  angle  at  which  bricks 
and  roughly  dressed  masonry  begin  to  slide  on  each  other.    This  angle,  however,  varies  eonsidera- 
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b(r;  beln(grMtlj  inflaenovd  bj  th«  dogrM  of  drTneii,  or  dMiipnws.  of  the  OMterial ;  m  that  mod** 
hmj  damp  und  or  earth  will  stand  at  a  elope  of  I  to  1 .  or  at  an  aufle  of  45<^.  Whaterer  it  may  be, 
Itii  odled  Tsi  ANeiK  op  nat  eLon  of  the  material  under  consideratioa.  Id  theoretical  caloalationi 
fcf  wailay  it  ii  niM  to  awuMe  (aa  ve  hare  done  tbroogheot)  that  the  baoking  i«  petfeetly  dry,  ainflt 


Fiif.7 


ite  prat  it  thea  greatest ;  wile«  It  be  rappoeed  le  be  eo  wet  as  to  peeseee  ume  degrM  ef  floidi^.  The 
(riasfie  em«  of  earth  aboTe  the  oat  elope  me,  tends  to  slide  down  said  slope,  but  la  preTented  tnm 
so  doing  by  the  wall. 

It  la  assnmed  in  all  cases,  that  the  wall  is  seonred  from  tUding  along  iu  baae,Art9,  that  itia 

Ihkk  e«ioagh  to  pnevent  fkilore  by  hutfftn§ ;  mad  that  H  WIS  tail  only  by  ov«rtwming.  by  rotatjng 
giMBd  its  toe, «,  ae  •  talenun.  The  tlii«k««ee  Moesearr  to  iasare  safetr  against  the  last  will  also  be 
raffleteDt  to  prereot  bolgliig.  Now  rafhrrlBg  o»ly  to  Fig  6  with  a  Tert  baok,  If  the  angle  o  m  «,  eon- 
tained  between  the  natural  slope  «  «,  and  a  Tert  line  «  o,  drawn  from  the  inner  bottom  edge  m  of 
the  wall,  be  divided  by  a  line  m  (,  into  two  eqiial  angles,  omt,  tmt,  then  Mae  angle  o  m  (  is  oailed 
TBI  AH«ut,  and  m  t  ma  aix>p>,  o»  uuamcu  pmaaatutK.  The  trtangalar  ptfim  of  earth,  of  wbioh 
om  ( is  a  seetion,  or  an  end  Tiew,  la  eaUed  tbb  paom  o»  max  pubs  \  becaoee,  if  eonsidered  as  a  wedge 
acting  against  the  baok  of  the  waU%  it  would  produce  a  greater  pres  upon  it  than  would  the  entire 
triangle  c  m  «  of  earth,  considered  aa  a  aingle  wedge.  For  although  the  laet  is  the  heaTteat,  yet  it  is 
more  eupported  by  the  earth  below  it.  Calculation  shows  that  if  we  eonetder  the  earth  o  m  «  to  be 
thus  dir  into  wedges  by  any  line  m  t,  the  wedge  that  will  press  most  against  ttte  wall  is  that  formed 
when  m  t  divides  the  angle  o  ••  a,  or  the  are  •  <,  into  two  eiboal  parte.    Bat  see  Art  11. 

Sinoe  »  0  is  hor,  and  m  o  vert,  the  two  form  an  angle  of9(fix  oonseqnently  the  angle  of  max  pres 
is  plainly  found  by  taking  the  angle  »mg  ot  nat  slope  fh>m  90°,  and  div  the  rem  by  3.    Thus  a  nat 

■lope  of  1«  to  1,  or  8S0  «',  takwi  tnm  «P,  leavea  6<<»  IV;  and  "°"'    =  28<^  9%  the  COF- 

respondlnv  atiffle  o  m  t  of  max  pros. 

For  eaee  of  calculation,  only  one  foot  of  the  lengirM  of  the  wall,  and  of  iU  backing,  is  vsuallv  oea- 
tldered.  The  number  of  euh  ft  of  wall,  or  of  backing,  is  then  equal  to  that  of  the  sgwars  feet  in 
heir  respective  profiles,  or  cross-sections. 

Now,  according?  to  Mogeley,  if  we  a98time  the  partlelee  of  earMk  ••ntyosing  the 
•acking  to  be  perfectly  dry,  and  devoid  of  cohesion,  (or  tdndetiogr  to  stick  to  each 
ther,)  which  is  Terr  nearly  the  case  in  pure  sand ;  and  if  we  suppose  the  wall  to  be 
[]dd«nly  remoTed,  men  the  triangie  of  earth  emt,  comprised  between  the  slope  mt 
r  max  pres,  and  the  yert  back  c  m  of  the  wall.  Fie  6,  would  slide  down,  nnder  the  in- 
noBoa  of  a  foroe  which  may  be  represented  by  y  P,  acting  in  a  dircoUon  y  P,  at  right 
igles  to  the  £aoe  c  m  of  the  triangle  of  ew^th ;  (or  in  other  words,  at  right  angles 

the  back  of  the  Tert  wiJl,)  its  cenUtr  of  fanst  being  at  P,  distant  %  way  between 

and  Cy  measured  from  the  bottom ;  and  its  amount  equal  to  either  of  the  following: 

Afyorss      Wl  of  the  triangle  of  earth  c  m  t  X  o  t 


IToS. 


trppfm 


Wtof  a  tingle  <»*  w  .«  «#  «  » 
fttffhebUcking  X«9<irot 


See 
Art.  U. 


n  Tiew  of  the  great  uncertainty  invoWed  in  the  matter  of  the  actual  pressure  01 
th  afi^nst  retainiug^walls  in  practice  (see  Art  2.  ),  and  in  order  to  furnish 

mple  mle  which,  although  entirely  unsupported  by  theory,  is  still  (in  the  writer's 
ujon)  sufficiently  approximate  for  ordinary  practical  purposes,  we  shall  assume 
t  Ho  1  of  the  two  foregoing  formulas  applies  near  enough  to  walls  wlf  b  in* 
ned  l^aelLS  e  ms,  also,  a^  Figs  7  and  8,  (precisely  as  they  are  lettered,)  at  least 
til  tJhe  K»ae|c  of  tlM  wall  IncliiMs  forward  as  maeli  as  6  ius 
r,  to  X  foot  Tert.  or  at  an  angle  cmo  of  26^  34^  Wliat  follows  on 
ninlnor-^valls  will  Involve  tbis  IncNirreei  assanipilon,  anil 
mt,  l»e  r«y«ardeU  merely  mm  yiviuK  safe  approximation. 
me  appear  to  assume  this  perp  pres  to  be  the  only  one  acting  against  the  back 
le  wall ;  and  hence  arriye  at  erroneous  practical  conclusions.  For  when,  in 
*  to  prevent  this  force  from  causing  the  triangle  of  earth  to  slide,  we  place  a 
linj^-wall  in  front  of  it,  then,  instead  of  motion^  the  force  will  produce  pre$  of 
isurthi  stsaUnst  the  wall,  causing  /notion  between  the  pressed  surfaces  of  the 
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earth  and  \^-alI,  That  Is,  If  a  wall  were  to  begin  to  orerturn  around  its  toe  a  as  « 
fulcrum,  its  back  c  m  must  of  course  rise,  aud  in  so  doing  must  rub  against  the 
earth  filling  in  contact  with  it ;  and  this  rubbing  would  evidently  act  to  impede  the 
o^rturuing.  So  long  as  the  wail  does  not  move,  the  same  friction  assists  in  pre- 
vemHng  overturning.  To  ascertain  the  amount  and  effect  of  tbiu  friction,  let  j^P,  Fig 
9.  represent  by  scale  the  force  perp  to  the  back  cm;  and  supposed  to  have  been  pre> 
TlcJsly  calculated  by  the  foregoing  formula  No  1.  Make  the  angle  yVf  equal  to 
the  angle  of  wall  friction,*  draw  yf  at  right  angles  to 
y  P,  or  parallel  to  m c;  make  P  x  equal  to  yfy  and  com- 
plete the  parallelogram  Fyfx.  Then  will  x  P  represent 
by  the  same  scale,  ibe  amonnt  of  the  friction 
anTAinst  the  back  of  the  wall. 


Hence  we  have  acting  at  P,  two  forces ; 
namely,  the  perp  force  y  P,  and  the  friction  «  P ;  conse- 
quently, by  comp  aud  res  of  force,  the  diag  /P  of  the 
parallelogram  P  yfXj  if  measured  by  the  same  scale,  will 
give  us  the  amount  of  their  resultant ;  which  is  the 
approx  siuicie  theoretical  foree^  both  !■ 
amoantand  In  direction,  which  the  wall 
has  to  resist,  including  the  wall  friction. 

But  this  force, /P,  is  also  always  equal  to  the  perp 
force  y  P,  mult  by  the  nat  sec  of  the  angle  yF/oi 
the  wall  firiction ;  (or  divided  by  its  nat  cosine)  and  of 
course  may  be  ascertained  thus : 

»t  of  trianglM  w  «  ♦  v  *•<»*  *««  of  angle  y  P  f  w'  */  v  »♦ 

Approx  theoreH'  _.         o  m  t         XotX       pf  wM  friction        «     cipt^'** 
ealpreatP  vert  depth  om  cotjPtXom 

Or  finally,  if  it  is  assumed,  as  we  do  throughout,  that  the  earth  is  perfectly  dry  (in: 
asmuch  as  its  pressure  is  then  the  greatest)  and  that  the  angles  of  nat  slope,  and 
of  wall  friction  are  then  each  S3P  41'  or  1.5  to  1,  then  in  Figs  6,  7  and  8,  if  the  angle 
cmo  between  tho  back  c  m  and  the  vert  o  m  does  not ezcMd  about  26<^  SV  we  may 
Assume 

Appr^x^hec^etical  „  ^^  ^^  triangle  c  m  t  X  .64S 

which  includes  the  action  of  the  friction  of  the  earth  against  the  back  of  the  walL 

Rem.  1.    When  the  back  of  the  wall  is  oflbetted  or  stepped,  as 

in  Fig  3,  instead  of  being  simply  battered,  as  in  Figs  7  and  8,  the  direction  of  the 
pres  of  the  earth  will  be  the  same  as  if  the  back  had  the  batter  i  n. 

RsM.  2.  Ifow  to  find  both  the  overtnrnlnff  tendency  of  the 
earth,  and  the  resistance  of  the  wall  against  being  overturned  around  its  toe  a  as 
a  fulcrum,  first  find  the  cen  of  gmv  g  of  the  wall  and  through  it  draw  a 

vert  line  g  h.  Prolong  fV  towards  v  and  draw  av  perp  to  it.  By  any  scale  make 
co  =  wt  of  wall,  and  « i  =  calculated  pres  /P.  Complete  the  parallelogram  stno, 
and  draw  Its  diagonal  <n,  which  will  be  the  resultant  of  the  pres/P  and  of  the  wt 
of  the  wall ;  and  should  for  safety  be  such  that  a  7  be  not  less  than  about  one-fifth 
of  a  f»,  even  with  he-tl  masonry  and  unyielding  soil.  Otherwise  the  great  pressure  so 
near  the  toe  a  mcr  either  fracture  the  wall  or  compress  the  soil  near  that  point 
so  that  the  waP  .Hll  lean  forward.  In  walls  built  by  our  rule,  Art  1,  or  by  tabid, 
p  610,^  aj  will  be  more  than  one-fifth  of  a  m.  The  pres  /  P  if  mult  by  its  leverage 
a  V  will  giva  th^-  moment  of  the  pres  about  a ;  and  the  wt  of  the  wall  mult  by  ite 
leverage  e  a  will  give  that  of  the  wall.  The  wall  is  safe  from  overturning  in  pro- 
portion as  its  moment  exceeds  that  of  the  pres.  It  is  assumed  to  be  safe  against 
sWdfv:?,7,  breaking,  or  settling  into  the  noil. 

*  This  ansrle  of  wall  friction  is  that  at  which  a  plane  of  masonry  muai 

bcincIiDO'^  to  the  horizontal  so  tbat  dry  sand  or  earth  would* slide  down  it.  It  ia  about  the  Baaae  ap 
the  nat  slope,  or  83°  41',  or  1.5  to  1 ;  and  its  nat  secant  is  1.202.  and  Its  nat  00a  .882. 
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n.  4.   ir  the  eArftfti  stopes  cl«wHW»rd  from  C,  as 

1^  or  B,  iostead  of  being  hor  as  In  Figs  6,  7,  8,  use  the  wt  of  the 
th  e  m  ft  instead  of  c  m  /,  m  n  being  the  slope  of  max  pressure. 
A  the  point  of  application  will  sOll  be  at  P  (at  one-third  of 
;)  as  in  6,  7,  8 ;  but  in  B  it  wUi  be  a  little  higher  as  explained 
ow  for  Fig  9. 

lurcbarired  walls  are  those  in  which  the  earth  backing 
«uds  above  the  tops  of  the  walls. 

Lccording  to  theory,  when  as  in  Fig  9,  there  is  a  surcharge 
k  of  backing,  sloplns  away  Arom  e  at  its  natural  slope  c  v, 
I  max  pres  against  the  wall  is 
lUued  when  the  earth  reaches  to 
•  level  of  d,  where  the  slope  m  t  d 
max  pres  intersects  the  face  of  the 
.  (ilope  c  «  ;  so  that  if  afterward  the 
th  is  raised  to  v,  or  to  any  greater 
ght,  no  additional  pres  is  thereby 
own  against  the  back  of  the  wall, 
also  if  the  earth  slopes  from  6,  or 
m  between  c  and  b,  except  that 
D  the  slope  m  d  of  max  pres  most 
end  up  to  meet  this  other  slope. 

nie  approximiste  amount 

the  oblique  pres,  when  the  wall  ii 
charged,  (as  in  any  of  the  Figs  4, 
,)  may  be  found  on  the  same  prin- 
le  as  when  the  earth  is  level  with 
top ;  namely,  instead  of  the  trian- 

cmt  of  earth,  Figs  6,  7, 8,  9.  find 

wt  of  aii  the  earth  ti  »  m  i,  tig  4, 
I  <  r,  Fig  5,  or  c  d  f»,  Fig  9  (if  the 
charge  reaches  to  d  or  v,  or  higher), 
ween  the  slope  m  d,  Fig  0,  m  i.  Figs  4  and  6,  of  max  pres,  the  back  of  the  wall,  and 

front  slope ;  omitting  any  which,  like  den^  Fig  5,  rests  on  the  top  of  the  wall 
d  thus  adds  to  its  stability)  when  the  slope  starts  in  front  of  e.  Having  found 
3  weight,  then  for  dry  backing  the 


app^STm^ly}-^**'****-' ^■•X 


.648, 


luding  the  action  of  the  friction  of  the  earth  against  the  back  of  the  wall;  near 
ngh  (in  the  writer's  opinion)  for  practical  purposes  in  so  uncertain  a  matter; 
essentially  empirical. 

riie  dlreetion  of  the  proMiaro  thus  found  will  be  tha  same  as  when  the 
th  is  level  with  the  top  6c ;  namely,  as  in  Figs  6  and  7,  first  draw  a  line,  as  P Sf* 
p  to  the  back  c  m,  whether  vert  or  inclined.  Then  draw  another  line,  as  Vj, 
king  the  angle  f  ?/=>  the  angle  of  wall  friction,  which  we  all  along  assume  to 
330  41',  or  1.5  to  1.  Then  P/  will  give  the  direction  of  the  pressure.  But  its 
nt  of  application  will  not  always  be  at  P  (one-third  of  the  height  of  the  wall 
ve  m)  as  heretofore;  for  in  all  cases  it  will  be  at  that  point  P,  or  at  some 
irliep  one  as  A,  where  the  back  to  cut  by  a  line  I P  or  e  A,  Fig  0,  drawn  fh>m  the 
of  grav  of  the  sustained  earth  (omitting  any  that  rests  immediately  on  the  top 
,  and  parallel  to  the  dope  md  of  max  pree;  and  such  a  line  will  strike  at  one- 
-d  the  height  of  the  wall  only  when  the  sustained  earth  <  e  m  or  d  0  m  forma  a 
mplote  iriansley  one  of  whose  angles  is  at  the  inner  top  edge  0  of  Uie  wall. 
ill  other  oases  said  line  for  a  soreharga  will  strike  above  P. 
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Art*  7.  On  page  608,  Fig  1^  we  reoommend  that  the  bate  o  •  at  tha  gtound- 
line  of  well  built  vertical  walls  should  not  be  less  than  .36,  or  .4,  or  U^  of  tua 
height  d  $  above  said  line,  depending  on  the  kind  of  masonry.  But  a  wall  with  a 
l»attere€l  (inclined)  front  or  face  as  found  by  Art  8,  (by  which  the  following 

table  was  prepared),  will  be  as  strong,  and  at  th«  same  time  contain  less  maB0Di7 
than  a  vert  wall,  although  the  battered  one  will  have  the  thickest  base  o«. 

Table  S,  of  thicknesses  at  base  o  «,  Wig  1«  and  at  top  e  d,  of 
walls  wltb  battered  faces,  so  as  to  be  an  stronff  as  vertical 
ones  whicb  contain  more  masonry. 

For  tbe  cub  yds  of  masonry  above  o  s  per  foot  run  of  wall,  molt  the 
square  of  the  vert  height  ds  hj  the  number  in  the  column  of  cub  yds.  Then 
add  the  foundation  masonry  below  o  «. 


(Original.) 


All  the  walls  below  hare  tbe  lame  strength 
as  a  vert  one  whose  baoe  as,  fig  1=:.39 
ofltshtd«. 


Batter,  In 
taa  to  aft. 


4 
& 

Triangle 


Cut  Btoae. 


pts  of 

ptt  of 

ht. 

bt. 

.350 

.350 

.352 

.310 

.355 

.270 

.359 

.234 

.364 

.197 

.371 

.163 

.379 

.129 

.389 

.096 

.400 

.066 

.425 

.007 

.429 

.000 

ft  run. 


.01296 
.01226 
.01158 
.01098 
.01039 
.00989 
.00941 
.00898 
.00863 
.00800 
.00794 


All  the  walls  below  have  tbe 
same  strength  as  a  vert  one 
whose  base  o  «,  flg  1  =  .4 
of  Its  bt  d». 


Mortar  rubble. 
Base,  in  Top,    in  p  „^.  „_ 


.400 
.401 
.403 
.408 
.413 
.419 
.425 
.435 
.446 
.468 
.490 


.320 
.283 
.246 
.210 
.175 
.143 

.no 

.051 
.000 


.01482 
.01407 
.01339 
.01280 
.01220 
.01165 
.01111 
.01070 
.01028 
.00961 
.00907 


All  the  walls  below  bare  the 
same  tttrength  as  a  vert 
one  whose  base  o*,  fig  1  = 
.6  of  its  ht  d  «. 


Dry  rubbla. 
*05 


Jase,  in 

Top,  in 

pts  of 

pts  of 

ht. 

ht. 

.500 

.600 

.501 

.459 

.503 

.420 

.506 

.381 

.510 

.343 

.616 

.308 

.522 

.272 

.528 

.236 

.537 

.204 

,555 

.138 

.612 

.000 

'da  par 


.01852 
'.01778 
.01709 
.01643 
.01580 
.01626 
.01470 
.01416 
.01372 
.01283 
.01138 


Hoseley  and  others  quote  Gadroy,  for  a  oby  sand  slopino  at  21^.  It  would  be  better  to  cease  from 
eirculatint^  such  evident  mistakes.  Dry  sand  will  stand  at  no  less  angle  for  a  savant  than  for  any- 
body else.  For  practical  purposes,  we  may  say  that  dry  sand,  gravel  and  earths,  flope  at  33°  41  or 
1 1>^  to  1 ;  as  abundant  experience  on  railroad  enibkts  proves.  Poncelet  gives  tables  for  walls  to  sup- 
port dry  earth  sloping  at  1  to  1.  or  -45^;  but  as  we  do  not  believe  in  the  existence  of  such  earth,  wp 
omit  such  tables.  Sund,  gravel,  and  earths  may  be  moistened  to  d iff  degrees,  so  as  to  sta,ud  at  anv 
angle  between  hor  aud  vert;  and  by  moistening  and  ramming,  the  earths  may  be  converted  into  com- 

fiaot  masses,  exerting  little  or  no  pres ;  and  may  even  so  continue  after  they  become  drr  ;  being  then 
n  fact,  a  kind  of  air-drfed  brick.  It  is  sometimes  difficult  to  know  whether  earth  or  sand  Is  perfectlv 
dry  or  not;  and  an  exceedingly  small  degree  of  moisture  will  cause  them  to  stand  at  1  to  1  in  »maU 
heaps,  such  as  have  probably  been  observed  by  the  authorities  on  the  subject.  The  writer  found  that 
floe  sand  from  the  seashore,  and  under  cover,  would  stand  at  13^  to  1  during  warm  dry  weather,  and 
at  1  to  1  when  the  air  was  damp.  Yet  no  diff  whatever  in  its  degree  of  moisture  was  perceptible  to 
the  feeling.  Its  susceptibility  to  dampness  was  of  course  owing  to  salt.  A  few  h&ndfuls  of  dry  earth 
may  perhaps  be  coquetted  into  standing  at  1  to  1  on  a  table  ;  but  so  far  as  our  observation  extends 
whan  it  is  dumped  in  large  qaantities  from  carts  and  wheelbarrows,  its  slope  is  nbnut  1>^  to  1  •  and 
this  we  consider  the  proper  one  to  be  used  in  practical  calculations,  where  safetv  is  the  oonsideratioB 
of  paramount  importance. 

-inT**^  ?^*?  *^^  ??***  **'**!>«'  *^«  Srreater  is  the  pres:  and  Mnce  the 
slope  18  least  when  the  backing  is  perfectly  dry,  (omitting  of  course  its  condition 
when  so  abso  utely  wftas  to  become  partially  fluid,)  we  have,  on  the  score  of  safety, 
confined  our  tables  to  dry  backing.  Aa  stated  in  Art  1,  wc  cannot  recommend  dimeo- 
sions  loss  tliau  tbose  there  given,  when  we  consider  the  rough  treatment  to  which 
masonry  is  exposed  on  public  works. 

paJh'Jrt?'*!:^^!??  ?*r®*^  »10ii»  daniceroii*  preelpleeiU  we  should 
JSl  n.«?%  "\P^**  at  times  to  make  thicker  walli.  We  Imagin?.  for  instance,  that 
the  centnfu^l  force  of  a  heayy  train,  whirling  around  a  sharp  curve,  convex  on  the 
ftf^!  <  ?■  *'*'^®'  ^V^^^  ^PV^  overlooked  in  designing  walls  for  such  localities.  This 
mlt  il!  *'°'^' *■<*  i«  applied  near  the  top  of  the  wall :  and,  consequently,  its  leverage 
may  be  considered  as  equal  to  the  height;  whereas  the  theoretical  pres  of  the  earth 

uiJ?^t"?K  *;  '"''i  ii  *PPV.^?  **  ^  *?  ***«  *»«*«*»*  fr<>™  t»>e  bottom ;  so  that  its  levemge 
about  the  toe  of  the  wall  is  very  short.  Moreover,  the  simple  toeight  of  the  train,  pro- 

aS^o,SfSJf*K*^"i  **'^-  T*"  l^  Z^^^  "  *'***  °'  *^*  backing.  All  such  consideration! 
»«  omitted  by  theonsto.    The  dangerous  pres  caused  by  tremOTs,  Ac,  cannot  b« 
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ftSBQxned  to  be  i4>plied  at  ^  of  the  height  fh>m  the  bottom ;  nor  indeed,  can  it  be 
calculated  at  all. 

Rbjc.  2.  IPTHnrr  walls  are  an  instance  where  ]the  thickness  shoild  be  Increased, 
Qotwith8tandin»;  that  The  pres  of  the  water  in  front  helps  to  sustain  them.  The  earth 
behind  such  walls,  is  not  only  liable  to  be  very  heavily  loaded  when  vessels  are  dis- 
charging; but  is  apt  to  become  satniuted  with  water,  especially  below  low-water 
level ;  and  thus  to  exert  a  very  great  pres  against  the  walls.  Moreover,  the  water 
gets  under  the  wall;  and  by  its  upward  pressure  virtually  reduces  its  weight,  and 
consequently  its  stability.  The  same  cause  of  coarse  diminishes  the  friction  of  the 
wall  upon  its  baee.  Such  walls  are,  therefore,  very  liable  to  slide,  if  the  foundation 
is  smooth,  and  horizontal ;  and  have  done  so  even  when  the  foundation  had  a  con* 
aiderable  inclination  backward,  as  in  Fig  1.    See  Art  9. 

IMnt.  8.  A  retainln^-wall  ft  moAlly  in  greater  danger  fbr  a  few  months  after  its  oompletion,  than 
stfter  time  haa  been  allowed  for  the  mortar  to  harden  perfect];  ;  and  llsr  the  backing  to  settle.  When 
there  are  suspicions  of  the  safbtnr  of  a  new  wall,  it  would  he  well  to  place  strong  temporary  shores 
against  it,  at  about  ^  to  H  of  its  height  above  ground.  In  some  oases,  permanent  buttresses  of 
masonrv  may  be  built  for  the  purpose.    Ther  should  be  well  bonded  into  the  wall. 

Rbm.'4.  The  pres  of  the  earth  backing  will  be  much  reduced,  if  the  first  few  feet  of  its  height  he 
mskde  up  ia  thin  hor  layers,  to  be  oonsolidated  by  being  used  br  the  masons  tnRtead  of  scaffolding;  as 
•hewn  at  *«  Fig  1.    Fnqvently  tUs  can  be  done  without  inoonvenieaee ;  and  at  very  trifling  cost. 

a  Tcrt  vetainlnfr-WKfl,  Into  one  with  it 
shfill  present    an   equal   resistanee 


Art.  8.    To  elumi 
battered 


infpe 
A»ee,    whieii 
asalnst    overtarnlntr  i    aitbougrh   reqnirin&r  less  masonry. 

Tms  is  sometimes  termed  a  transformation  of  pronlf       -  •  ■ 


^profile.    (Original.) 


Let  a  6  o  i,  Vig  10,  be  the  vert  wall.  Mult  its 
0  t\by  1.225 ;  (1.22475  is  nearer ;)  the  prod  will  be  the 
base  o  e,  of  a  triangular  wall  6  o  «,  possessing  the 
same  stability ;  and  yet  not  requiring  much  more 
than  htflf  the  masonry  of  the  vert  one.  See  Rem  1. 
This  being  done,  suppose  a  wall  to  be  desired  with  a 
face  batter,  of  say  3  ins  to  a  ft ;  or  1  in  4.  From  the 
point  n,  where  the  face  of  the  triangular  wall  inter- 
sects  that  of  the  vert  one,  step  off  vert  any  4  short 
equal  spaces ;  and  from  the  upper  one  m,  step  off  one 
space  hor,  to  v.  Through  v  and  n  draw  the  dotted 
line  sty  which  evidently  will  batter  1  in  4.  Then  is 
bsto  approximately  the  reqd  wall ;  but  a  little 
thicker  than  necessary.  To  reduce  it,  from  t  draw 
Uie  dotted  line  t  b.  Mark  the  point  o,  where  this 
line  intersects  the  face  a  t,  of  the  vert  wall ;  and 
through  c  draw  d I,  parallel  to  s  t.  Then  iBbdlo 
the  reqd  wall.    Our  fig  is  drawn' in  an  exaggerated 

manner,  so  as  to  avoid  confusion  in  the  lines.    The  

base  0  «  of  the  triai^TiIar  wall,  would  not  in  reality  H  V  X  t 

be  near  se  great  aa  it  is  represented. 

It  will  be  observed  ihaA  as  the  base  increases,  the  quantity  of  raaseBry  diminishes. 

Rbm.  1.  The  battered  wall  will  tn  fku;t  be  safer  tban  the  vert 

one^  The  battered  wall  has  the  same  moment  of  stability  as  the  vert  one ;  and  the 

pres  of  tbs  earth  against  it  also  remains  unchanged,  but  the  memenl  or  lendeiscipof  the  pres  to  upset 

the  wall  has  become  less.    For  let  •  i  m  n.  Fig  11.  represent  a  Tertieal  wall ;  and  /  o  the  amount  and 

iirectionof  prea  behind  it.  (For  ease  of  illustration,  we  have  placed  o  above  thetrue  o«n  of  pres  of  the 

aarth  filling,  which  wonld  be  at  one-third  of  a  n  above  n.)    Now,  the  leverage  with  which  this  prea 

tends  to  overturn  the  wall  around  its  toe  m.  is  the  diet  m  t, 

measured  from  the  toe  or  fuksmm  m,  and  at  right  angles  to 

thf  direction  /o «  e  of  the  pres ;  and  this  leverage  mnlt  by 

Vk  force  /  0,  gives  the  overturning  tendency  or  moment  of 

said  fores.     8ee*'MosMnts  and  lerenfe."  Again. 

let  ttny.  represent  a  triaagular  wall  of  the  ■ameaUbility 

as  the  other,  aa  found  by  onr  rule.    Here  we  still  have  the 

same  amount /o.  and  direcUon  /o  «  e.  of  pres  force  against 

the  wall;  hat  it  now   acta  to  overtnm   the  wall   anj/ 

aMnradtheteey;  and  therefore,  with  the  reduced  leverage 

tt0L    Oonseqaently,  its  overtamiag  tendency  is  less  than 

befsre.    Therefore,  in  ordinary  kuignage,  we  may  say  thAt 

the  wall  is  stronner  than  before,  although  its  moment  of 

■uMlfty,  or  stairaing  tendency,  has  in  itself  undergone  no 

ehauge.   If  the  pres/o  against  the  vert  back  were  hor,  aa 

in  the  oass  of  water,  then  its  leverage  would  evidently  be 

(hs  sams  in  both  walls:  and  the  proportion  between  the 

overtaniug  moment  of  the  pres,  and  the  moments  of 
stability  of  the  two  walls,  would  be  consunt. 

Bni.  2.  In  attempting  to  reduce  the  masonry  by  adopt- 
ing a  van,  0  (  s.  Fig  10.  of  a  triangular  motion ;  or  of  one 
nearly  approaehing  a  triangle,  special  attention  Should  he 
given  to  the  qoalitv  of  the  maaonry  near  the  thin  toe  c; 
which  will  otherwise  be  apt  to  crack,  or  fall  under  the  ih«b. 


612  BETAININQ-WALLS. 


Bkm  S.  XosaoTss,  WHsir  commoit  moktab  u  nscn  withodt  an  adudctubb  or  obm but,  whioh  it  narw 
ihoald  be,  iu  rtftalulug-  wall«,wh«re durability  is  ku  object,  a  gr«M  bMter  ie  ot^e^ 
tionable ;  iaasmttob  as  the  rain,  combined  with  frost,  ko,  soon  deetroye  the  mar* 
tar.  In  such  oases,  therefore,  the  batter  shou  Id  net  exceed  lorl^lastoaft;and 
even  then,  at  least  the  pointing  of  the  joints,  and  a  few  feet  in  height  of  botli 
the  upper  and  the  lower  courses  of  masonry,  should  be  done  with  cement,  ot 
cement-mortar.  We  have  obserred  a  most  marked  diff  in  the  corrosion  of  the  mor» 
tar,  where,  in  the  same  walls,  with  the  same  exposure,  one  portion  has  been  built 
with  a  vert  face ;  and  another  with  a  batter  of  but  lyi  inch  to  a  foot.   " 


mortar  will  never  set  properly,  and  continue  firm,  when  it  is  exposed  to  mohM 
ture  from  the  earth.  This  is  very  observable  near  the  tops  and  bottoms  of 
abuts,  retaining- walls,  &c;  the  lime-mortar  at  those  parts  will  generally  be 
found  to  be  rendered  entirely  worthless.  A  profile  somewhat  like  Fig  12,  may 
at  times  prove  serviceable,  instead  of  the  triangular.  This  is  the  form  of  tlM 
Gothic  buttress ;  whioh  probably  had  its  origin  in  the  cause  4ust  spoken  of. 

Art.  9.  A  retain  I  nic- wall  may  slide,  witlioiit 
jp,jf  4Q       losiniir  Ito  Terticality;  and,  indeed,  without  any  danger 
JtlQ   l^       of  being  overturned.    This  ia  rery  apt  to  occur  if  it  is  bnilt  upon 
*^  a  hor  wooden  platform ;   or  upon  a  level  surf  of  rock,  or  clay, 

without  other  means  than  mere  friction  to  prevent  sliding.  This  may  be  obviated 
by  inclining  the  base,  as  in  Fig  I ;  by  founding  the  wall  at  such  a  depth  as  to  pro- 
vide a  proper  resistance  from  the  soil  in  front ;  or  in  case  of  a  platform,  by  securing 
one  or  more  lines  of  strong  beams  to  its  upper  surf,  across  the  direction  in  whicli 
sliding  would  take  place.  On  wet  cla^,  friction  mav  be  as  low  as  frcnn  .2  to 
%  the  weight  of  the  wall ;  on  dry  earth,  it  is  about  %Ui%\  and  on  sand  or  gravel, 
about  %  to  %.  The  motion  of  mas<>nry  on  a  wooden 
[c]  fcl  fc]        platform,  is  about  JL  of  the  wt,  if  dry ;  and  %  if  wet. 

[ _3         ComiterfOrt«,  shown  in  plan  at  e  e  e,  Pig  18,  oonslst  la 

an  increase  of  the  thickness  of  the  wall,  at  it*  hacJt,  at  regular  inter* 

IV     A^  vals  of  its  length.    We  conceive  them  to  be  but  little  better  than  a 

111  x6  waste  of  masonry.    When  a  wall  of  this  kind  fails,  it  almost  in- 

•{  variably  separates  ftrom  its  counterforts ;  to  which  it  is  connected 

merely  by  the  adhesion  of  the  mortar ;  and  to  a  slight  extent,  by  ttie 
bonding  of  the  masonry.  The  table  in  Art  f  shows  that  a  very  small  addition  to  the  base  of  a  wall,  ia 
attended  by  a  great  increase  of  iu  strength;  we  therefore  think  that  the  masonry  of  counterforts 
would  be  much  better,  and  more  cheaply  emploved  in  giving  the  wall  an  additional  thickness,  along 
its  entire  length ;  and  for  the  lower  third  of  its  height.  Counterforts  are  very  generally  used  la 
retaining- walls  by  European  engineers;  but  rarely,  if  ever,  by  Americans. 

Buttresses  are  like  counterforts,  except  thai  they  are  placed  in  front  of  a  wall  Instead  of  be- 
hind it ;  and  that  their  profile  is  generally  triangular,  or  nearly  so.  They  greatly  increase  its  strength  | 
but,  being  unsightly,  are  seldom  used,  except  as  a  remedy  when  a  wall  is  seen  to  be  failing. 

liand-ties,  or  long  rods  of  iron,  have  been  employed  as  a  makeshift  for  vpholdlng  weak  re* 
talning-walls.  Extending  through  the  wall  f^rom  its  face,  the  land  ends  are  oonneoted  with  anohore 
of  masonry,  cast-iron  or  wooden  posts;  the  whole  being  at  some  diet  below  the  surf^ee. 

RetaininfT  walls  with  carved  profiles  are  menUoned  here  merely  to  can- 
tion  the  voung  engineer  against  building  them.  Although  sanctioned  by  the  practice  of  some  high 
authorities,  they  really  possess  no  merit  sufficient  to  eompensate  for  the  additional  expense  and  trou- 
ble of  their  construction. 

Art.  10.     Among  military  men,  a  retaining- wall  is  ealleA  a  Fewetaieilt.    When  the 

earth  is  level  witii  the  top.  a  searp  revetment;  when  above  It,  a  conntersearp 

revetment,  or  ademi-feostment.  When  the  face  of  the  wall  is  battered,  a  ^ioping;  and  when  the  baek 
la  battered,  a  eoMaerafaQ>iny  revetment.    The  batter  la  Mlled  the  tallUU 

Art.  11.  The  pres  against  a  wall  Fig  6,  from  sand  etc  lerel  with  its  top,  ie  not 
diminished  by  reducing  the  quantity  of  sand,  until  its  top  width  o»  becomes  less  than 
that  (c  t)  pertaining  to  the  angle  emt  of  maximum  pres.  The  pres  then  begins  to  di- 
minish, but  in  practice  the  diminution  is  not  appreciable  untU  Oie  width  ia  reduced  to  about 
one  sixth  of  that  (c  «)  pertaining  to  the  angle  cms  of  natural  slope,  or  about  half  of 
•  t.    The  pres  then  begins  to  decrease  rapidly  as  the  width  is  further  reduced. 

Table  4,  of  eontents  in  cub  yards  for  eacli  foot  in  lengrtb 
of  retaining^-walls,  with  a  thickness  at  base  equal  to  .4  of  the  vert  height, 
if  the  back  is  vert.    If  tlie  back  is  stepped  according  to  the  rule  in  Art  8,  the 

proportionate  t|>ickne8s  at  base  will  of  course  be  increased.  I^tce  batter,  1^  inches 
to  a  foot;  or  i/gth  of  the  heiglit.  Back  either  vert,  or  stepped  according  to  the  rule 
in  Art  3,  Fig  3.  The  strength  is  very  nearly  eciual  to  ihat  of  a  vert  wall  with  a 
base  of  .4  its  height.  Experience  has  proved  that  such  walls, 

when  composed  of  well-soabbled  mortar  rubble,  are  safe  under  all  ordinary  circum- 
stances for  earth  level  with  the  top.  Steps  or  offsets,  o  e,  at  foot.  Fig  1,  are  not  here 
included. 
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TABI<E4. 

(Origiiua.) 

Ht. 

0«b. 

HU 

Oal). 

Ht. 

Ottb. 

Ht 

Cab. 

Ht. 

Cub. 

Ht. 

Cub. 

ft 

Tte. 

Ft. 

Ydi. 

Pt. 

Tdi. 

Pt 

Yd*. 

Ft 

Tdt. 

Ft. 

Yds. 

1 

.Ml 

lOM 

1.88 

90 

ft.00 

28H 

10.9 

48 

28.8 

74 

G8.6 

H 

.018 

11 

1.61 

H 

6.25 

SO^ 

11.8 

49 

30.0 

78 

72.2 

S 

.060 

M 

1.65 

21 

6.91 

81 

12.0 

60 

31.3 

78 

76.1 

H 

.078 

12 

1.80 

H 

6.78 

St 

123 

61 

82.5 

60 

80.0 

t 

JIS 

H 

1.W5 

89 

8.06 

88 

13.6 

62 

83.8 

82 

844 

H 

JtS 

18 

S.11 

H 

•J8 

S4 

14.6 

63 

85.1 

84 

88.4 

4 

.900 

M 

2.28 

23 

8.81 

85 

15.3 

64 

86.5 

86 

92.6 

H 

.S53 

U 

2.45 

H 

6.90 

86 

16.2 

55 

37.8 

88 

96.8 

ft 

JIS 

H 

9.88 

34 

7.90 

87 

171 

56 

89.2 

90 

101.8 

H 

J78 

15 

9.81 

H 

7.60 

88 

18.1 

67 

40.6 

92 

105.8 

e 

.460 

M 

8.00 

25 

7.81 

89 

19  0 

58 

42.1 

94 

110.5 

H 

.528 

18 

S.20 

H 

8.18 

40 

90.0 

69 

48.5 

96 

116.2 

7 

.eis 

8.40 

28 

8.46 

a 

91.0 

60 

46.0 

98 

120.1 

H 

.703 

it'"" 

8.81 

H 

8.78 

49 

22.1 

69 

48.1 

100 

125.0 

6 

.800 

H 

S.8.H 

97 

9.12 

43 

SS.l 

64 

61.2 

102 

130.1 

H 

.90S 

IB 

4.05 

M 

946 

44 

24.2 

66 

64.6 

104 

135.2 

9 

1.01 

u 

4.28 

28 

9.80 

46 

26.8 

68 

67.8 

106 

140.6 

H 

LIS 

vT 

4.51 

H 

10.2 

48 

96.6 

70 

61.3 

10 

1.S6 

H 

4.7J 

^        . 

10.6 

47 

97.6 

72 
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Art.  1.  In  an  Arch  «t«,  Fis  1,  the  diat  eo  is  called  its  spun ;  t'a  its  rise;  t  Its 
trowsi ;  Its  lower  boundary  line,  s a <\  its  aoffliy  or  Ininuios  \  the  upper  one, 
tr,  its  baek,  or  exinMlos.  The  terms  soiBt  and  back  are  aUo  applied  to  the 
ntire  lower  and  upper  oarved  tmrfacti  of  the  whole  arch.  The  ends  of  an  arch,  or 
he  showing  areas  comprfesd  between  its  intrados  and  eztrados,  are  its  faces ;  thus 
he  are»  sti  a  is  a  &ce.  The  inclined  surfiAces  or  Joints,  rt^ro^  upon  which  the  feet 
t  the  arch  rest,  or  from  which  the  arch  aprings^  are  the  skew  backs*  lines 
BTel  with  e  Mid  o,  at  right  anises  to  the  faces  of  the  arch,  and  forming  the  lower 
dges  of  its  feet,  (see  nn,  Fig  2>ib)aie  the  8|Mringriiic  lines,  or  sprfiiars.  The 
locks  of  which  the  arctt  itself  is  composed,  are  the  arcn-stones,  or  voussolrs. 
!he  center  one,  to,  is  the  keystone;  and  the  lowest  ones,  ««,  the  sprinicers. 
"he  term  arekJblock  might  be  substituted  for  Toussoir,  and  like  it  would  apply  to 
rick  or  other  material,  as  well  as  to  stone.  The  parts  tr.tr,  are  the  hanncnes  s 
nd  the  spaces  trl.trh^  above  these,  are  the  spandrels.  The  material  deposited 
1  these  spaces  is  the  spandrel  filling' ;  ft  is  sometimes  earth,  sometimes  ma- 
mry ;  or  partly  of  each,  as  in  Fig  1. 

In  IftTfe  arobet,  it  orteo  oootlata  of  Mitral  p«rml1«l>PANDBS&-WALUi,  11,  Pig  2^,  mnatns  ItngthwlM 
'  the  roadway,  or  aatraddle  of  the  arob.  Tbey  are  oorered  at  top  either  by  enall  arohes  from  wall  to 
all,  or  bj  flat  ■tones,  for  aapporting  the  material  of  the  roadway.  Th^  are  also  at  ttanee  oonneeted 
•gether  by  Tert  oroes-walls  at  Interrala.  for  steadying  them  laterally,  aa  at  (I,  Pig  2>i.    The  parts 


p •n,  oP»nt  Pig  1,  are  the  ABuntSHTS  of  the  areh ;  tn,  »«,  the  /aces;  gp,  gp,  the  backs;  and 
n.  j»  It,  the  ioeei  of  the  abuto.  The  bases  are  usually  widened  by /t«(,  steps,  or  offaef.  d  d,  for  dis- 
~ '  r  area  of  foundation;  tqbs  diminishing  the  danger  of  set- 


.        ioeei  of  the  abuto.    The  bases  are  usually  widened  by /te(,  *tep»,  or  offaeU.  d  d,  for  dis- 

ibuting  the  wt  of  tke  bridge  orer  a  greater  area  of  foundation ;  t' 
emeat.    The  distance  lata  any  arob-stone,  is  eaUed  ita  dtpth. 

\  t  \ 


The  only  arches  In  common 
se  for  briages,  are  the  circular, 
>ften  called  segmental);  and 
le  elliptic. 

Art.  2.  To  find  the 
eptk  of  keystone  for 
Irst- class  en  t*  stone 
rckes,  whether  clr- 
ular  or  elliptic* 
Find  the  lad  e  o.  Fig  1,  which 
111  touch  the  arch  at  o,  a,  and 
Add  together  this  rad,  and 
z^  the  span  o  e.  Take  the  sq 
;  of  the  sum.  Dir  this  sq  rt 
ft.  To  the  qnot  add  i^  of  a 
.    Or  by  formula. 


*  lasMBveh  as  the  roles  wbloh  we  glre  for  arebes  and  abuto  are  entirely  original  and  noTel.  it  may 
K  to  mm\n  to  stato  that  (hejr  are  not  altogether  empirieal;  bnt  are  baaed  apMuaeenrata  drawings 
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Dfipthoflctfjf 
in  feet 


V^Sad+h4y$pan    ^Qj2/oat. 


For  •eeond-elaaA  work,  this  depth  may  be  increased  about  ^h  part;  or 
for  brick  or  fair  mbble,  about  }^rd.   See  table  of  Keystones. 

Id  large  arches  it  is  advisable  to  increase  the  depth  of  the  archstones  toward  the 
springs ;  but  when  the  span  is  ais  small  as  about  60  to  80  or  100  feet,  this  is  not  at  all 
necesMiry  if  the  stone  is  good ;  although  the  arch  will  be  stronger  if  it  is  done.    In 

Sractice  this  increase,  even  in  the  largest  spans,  does  not  exceed  from  ^  to  )^  the 
epth  0f  the  key ;  although  theory  would  re^piire  much  more  in  aroheis  of  ^reat  rise. 

RsM.  To  find  the  r*d  e  o,  whether  the  arch  be  circular  or  elliptic.  Square 
half  the  spcm  e  o.  Square  the  whole  rise  to.  Add  these  squares  together;  diir  th* 
sum  by  twice  the  rise  i  a.  Or  it  may  be  found  near  enougn  for  this  purpose  by  th« 
dividers,  firom  a  small  arch  -drawn  to  a  scale. 


Amonnt  of  preMore  anstalned  by  archstones.  In  bridges  of 
llie  same  width  of  roadway ;  if  iJl  (he  otiier  parts  bore  to  each  other  the  same  propor- 
tion as  the  spans,  the  ioUa  pre«  would  increase  as  the  squares  of  the  spans,  while  the 
pressure  per  tquarefoot  would  increase  as  the  spans.  But  in  practice  the  depth  of  the 
archstones  increases  much  less  rapidly  than  the  span ;  while  Hie  thickness  of  the 
roadway  material,  and  the  extraneous  load  per  sq  ft,  remain  the  same  for  all  i 
Hence  the  total  pressures,  at  key  and  at  spring,  incraase  hm  rapidly  than  the  4^ 
of  the  spans  ;  but  more  ra|ddly  tiian  the  simple  mmns;  at  do  also  the  prcseorM  per 
tquare  foot.  Thus  In  two  bridges  of  the  same  widni,  but  with  nians  of  100  and  200  ft^ 
with  depths  of  archstones  taken  from  our  table  and  uniform  ftiom  key  te 

tpring:  supposed  to  be  fined  up  solid  with  masonty  of  160  Vtm  per  cub  ft,  to  a  level  of 
about  10  inches  above  the  crown,  (including  the  stone  paving  of  the  raadway^^  ^iritb 
•ti  extraneous  load  <X  100  lbs  per  sq  ft\  the  pressures  will  be  approximate^  as  fol* 


S|MUi  100  ft.                        II 

Span  20e  ft. 

AT  KEY. 

1     AT  BPBiira.     n 

AT  KEY. 

AT  BPKura. 

For  1ft  In 

width  of 
iu  entire 
depth. 

Per  sq  ft 

Por  1  ft  in 
width  of 
Its  entire 

Per  sq  ft. 

FtrirtlB 
width  of 

its  entire 
dei»th. 

Persqft. 

Por  I  ft  In 
width  of 
its  entire 
depth. 

Persqft 

She. 

Tons. 
*2M 

Tons. 

Tons. 
66 

Tons. 

18K 

Tods. 

las 

Tons. 

Tons. 
179 

Tons. 
42 

\ 

M« 

WH 

67 

19 

lU 

«T)4 

lai 

M 

5« 

It 

11 

67M 
61» 

20 

97 

188 
207 
«0 

<1M 

It  will  be  seen  thatildth  the  same  spMi,the  pres  at  the  key  becomes  less,  while  that 
at  the  spring  becomes  greater,  as  the  rise  increases.  Also  that  when  the  archstones 
are  of  uniform  depth,  the  pres  at  eitlier  spring  of  a  semicircular  arch  is  about  4  times 
as  gmat  as  at  the  key ;  whereas  when  the  rise  is  but  one-sixth  of  the  span,  the  pres  ac 
spring  averages  but  about  oile-third  greater  tiian  at  the  key.  Qliese  proportions  vary 
somewhat  in  different  spans. 

The  greater  pres  per  sq  ft  at  the  springs  may  be  reduced-by  Increasing  the  depth  off 
the  archstones  towards  the  springs.  This  however  is  not  neceMory  in  moderate  spans, 
inasmuch  as  good  stone  will  be  safe  even  under  this  greater  pres. 

By  nsins  parallel  spandrel  walls,  see  Fig  2^  or  by  partly  fiU- 

Ing  with  earth  instead  of  masoniy,  the  pres  on  the  archstones  may  be  duninhAied, 
lay,  as  a  roug^  average,  about  i  part 

and  eelaalatloBi  nade  by  the  writer,  of  lines  of  pres.  ho,  of  aroliee  tnm  1  to  800  ft  spMi,  and  of  evAy 
rise,  from  a  semtcirele  le  ^  of  the  span.  From  these  drawinas  Iw  sodfarered  to  find  yfropottiew 
which,  although  ther  mifhl  not  endare  the  test  of  i^triot  critiolsm,  would  3till apptj  to  all  til>f  osiMi 
vUk  aa  aMur««y  saffioent  for  ordinary  praotioal  purposea. 
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Table  a.   Of  son^e  «sa«t|s«  «Mrciie%  with  lio^b  tkoir  mattul  «od  tteir 

•aloulated  depths  (by  oar  role)  or  keystone,  whete  two  depths  are  glTen  la  the  ooIiubb  of  keys  tka 
■m»lle«t  Is  for  flrst-olass  cat*stone,  »od  the  largest  for  good  rubble,  or  briok.  Those  also  wbioh  are 
not  speotlled  are  of  flrst-olcsa  eut-ttone.  C  staoAs  for  elrciitar,  S  for  eUiptio.  For  2d  class  work,  add 
about  ^th  part;  and  for  hrtek.  <»  fair  r«M>le,  about  ^th. 


iU 


hi  i  h 


li 


h 


h  S§2SS  S   2  iSs  i  ^^S^  ^  ^^^  8S888  2SSS9  4S'3( 


oonMo  o  «  OMo  o     oooo  ooo  M  HO  o  o'ho  moo  ook 


QO>j;ra   A*     At 


:i,j  •<  1^  H  Ai 


II 


t  ? 


•  Bee  Kxperimeotol  Aroh  at  Souppes,  franoe. 

t  Siaiaes  bridge.    Soom  aathorittes  give  2  ft  4  iae  «•  the  depth  at  kej. 
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B.^^ftSfuTltTrL^'"'  "*  *"^'^'  "*•— •    ««•  '^"'^ 

Span. 

Rise. 

Radius  of 
intradoe. 

•                                      

at  spring. 

at  key 

Width. 

betwfitcet. 

Meters 

Feet 

37.886 
124.30 

2.125 
6.97 

85  Ji 
280.52 

1.10 
3.61 

1.10 
3.61 

0.80 
2.684 

8.6 
11.5 

Arch  of  granite.  The  centers  rested  (for  four  months)  on  sand  in  16  cylinders,  1  ft 
diameter,  1  ft  high,  of  ^inch  sheet  iron.  The  unloaded  arch  settled  16  milliraeteni 
(0.59  inch)  on  striking  the  centers.  The  additional  settlemants  under  eztraoeoof 
loads  were  as  follows: 


Increase  of  setUemeot 

Kilograms. 

Pounds. 

Millimetera. 

Inches. 

Distributed 

367000 

4975 

132600 

809000 

11000 

292000 

21 
0.8 
1.2 

0.8 

Center^ 

0j012 

Distributed 

0.047 

With  the  distributed  load  of  367000  kilog,  a  load  of  4975  kilog,  falling  0.3  m  (11.8 
ins)  on  key,  caused  vibrations  of  2.8  mm  (OJl  inch).  AmaiM  au  i^mte  «<  QkoMjmm, 
1866  Pwi  2, 1868  Poni  % 


Ths  anil  on  the  BooBBomrAS  Railwat,  it  probaUy  the  ttoldeiit  ;•  and  nn  Oakv  Jonr  Awm,  to 
Oapt,  now  Gtonl  M.  O.  Meiga.  U  8  kxmj,  the  graudeet  itone  ooe  in  ezlsteaoe.  Poaiv*T<PxTDD,  In 
Walee,  it  •  oommoo  road  bridge,  of  Tery  rode  construotion ;  with  a  dangerooely  steep  roadwar.  It 
was  bailt  entirely  of  rubble,  in  morUr,  by  a  cominoD  countrv  mason,  in  1750 ;  and  ia  ■till  in  perfBOt 
eooditioo.  Only  the  outer,  or  thowing  aroh-stonea,  are  2.5  ft  deep ;  and  that  depth  ia  made  up  of  twe 
atooea.  The  inner  arob>atonea  are  bat  1.5  ft  deep ;  and  bnt  nrom  6  to  9  Incbea  thick.  The  atone  quar* 
ried  with  tolerablT  fair  natural  beda :  and  recelred  little  or  no  dreaaing  In  addition.  The  bridge  ia  a 
fine  example  of  that  ignoranoe  which  often  paasea  for  boldneaa.  Pont  Napomon  oarriea  a  railroad 
The  arches  are  of  the  uniform  depth  of  4  ft,  fh>m  crown  to  apring.  The^y 
_  .« ^ ^M— a»ia;  ^" "    "  '     —  ""        '         *■ 


r  cMip;  or  «paw 


r  well  waahed,  to  ffee  them  fh>m  dlr> 


are  oompoaed  chiefly  of  amoK  rotioA  Tttorry  cM.  ,  

and  duat;  and  then  thoronghly  bedded  in  good  cement;  and  gronted  with  the  same.    It  ia  in  fact  am 
arch  of  oement-concrete.    The  Poirr  db  Auca,  n 


arch  of  oement-concrete.  The  Poirr  db  Auca,  near  it,  cmd  hviU  in  ik%  •am*  way,  taaa  elliptic  arches 
of  fh>m  IM  to  141  ft  span ;  with  rises  of  -^  the  span.  Key  4.9  ft.  These  two  bridges,  oonaidering  the 
want  of  preeedent  in  this  Und  of  eonatmctioo,  on  so  large  a  scale,  muat  be  regarded  aa  rerr  bold; 
and  aa  reflecting  the  higheat  eredit  for  practical  soienoe,  upon  their  engineers,  Daroel  aud  Oonehe. 
Some  trouble  arose  fh>m  the  unequal  contraction  of  the  different  thicknesses  of  cement.  They  shoW 
what  may  be  readilv  aocompUahed  in  archea  of  moderate  apana,  by  owana  of  am^l  atone,  and  ih)o4 
hgdrauUc  eemeiU  when  large  atone  fit  ftor  archea  is  not  procurable.  In  Pont  Napoleon  the  depth  e( 
areh  ia  lesa  than   our  rule  givea  for  seoond  class  ent-stooe. 

Art*  8.  Tbe  keyiitoiies  for  larire  elliptic  arches  by  the  best  en- 
gineers, are  generally  made  about  ^  pan  deeper  than  our  rule  requires ;  or  than  is 
considered  necessanr  for  circular  ones  of  the  same  span  and  rise ;  in  order  to  keep  the 
line  of  pres  well  within  the  Joints ;  although  the  elliptic  arch,witb  its  spandrel  filling, 

has  slightly  less  wt;  and  that  wt  has 
a  trifle  less  leverage  than  in  a  circular 
one ;  and  consequently  it  exerts  les8 
ires  both  at  the  key,  and  at  the  skew- 
Ack.  See  London,  Gloucester,  and  . 
Waterloo  bridges,  in  the  preceding 
toble. 

Bra.  Toung  engineers  are  apt  to  affect  shallow  arch-«tones;  but  it  would  be  fitr 
better  to  adopt  the  opposite  course;  for  not  only  do  deep  ones  make  a  more  stable 
structure,  but  a  thin  arch  is  as  unsightly  an  object  as  too  slender  a  column.  Accord- 
ing to  our  own  taste,  arch-stones  tuUy  ]A  deeper  than  our  rule  gives  for  flrst<class 
cut  stonf^  are  greatly  to  be  preferred  when  appearance  is  consulted.  Especially 
when  an  arch  is  of  rough  rubble,  which  costs  about  the  same  whether  it  is  buiit  up 
as  arch,  or  as  spandrel  filling,  it  is  mere  folly  to  make  the  arches  shallow.  Stability 
and  durability  should  be  the  objects  aimed  at;  and  when  they  can  be  attained  even 
to  excess,  without  increased  cost,  it  is  best  to  do  so. 


*  Built  Uke  that  at  Souppea. 


y  Google 
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Table  2.  Bepihs  of  UewmU^mem  for  ar«h«s  of  flrtt^ilart  cot  stone, 
by  Art  2.  For  second  class  add  nill  one-ekrlitfa  part ;  and  for  superior  brick  onoi 
foarih  to  one-third  part,  if  the  span  exceeds  about  15  or  20  ft.    Original 

Bise,  in  parta  of  the  span. 


Bpav. 

FMt. 

i 

i 

i 

t 

i 

* 

A 

Key.  Pi. 

Key.  ft. 

Key.  Ft. 

Key.  Ft. 

Key.  Ft. 

Key.  Ft. 

Key.  Ft. 

S 

.56 

.56 

.68 

.60 

.61 

.64 

.68 

4 

.70 

.71 

.74 

.76 

.79 

.83 

■88 

« 

.81 

.88 

.86 

.89 

.92 

.97 

IM 

8 

.91 

.98 

.96 

1.00 

1.08 

1.09 

1.16 

10 

.W 

1.01 

1.04 

1.07 

1.11 

1.18 

1.16 

16 

1.17 

1.19 

1.21 

1.26 

1.80 

1.40 

1.60 

«o 

1.8J 

1.85 

1.38 

1.43 

1.48 

1.69 

1.70 

IS 

1.46 

1.48 

1.63 

1.58 

1.64 

1.76 

1.88 

ae 

1.67 

1.60 

1.66 

1.71 

1.78 

1.91 

1.04 

S6 

1.68 

1.70 

1.76 

1.83 

1.90 

2.04 

2.19 

40 

1.78 

1.81 

1.88 

1.96 

2.08 

1.18 

2J8 

50 

1.07 

100 

2.06 

2.16 

2.25 

2.41 

8.68 

60 

2.14 

1.18 

1.26 

2.35 

2.44 

2.62 

2.80 

80 

1.44 

1.49 

X68 

2.68 

1.78 

196 

8.18 

100 

2.70 

1.76 

2.86 

2.97 

8.09 

8.32 

3.56 

190 

1.04 

1.90 

8.10 

8.22 

8.36 

861 

8.88 

140 

J.16 

8.21 

8.83 

8.46 

8.60 

8.87 

4.16 

100 

8.86 

8.44 

8.58 

8.72 

8.87 

4.17 

180 

8.56 

8.63 

8.76 

8.90 

4.06 

4.88 

soo 

8.74 

8.81 

8.96 

4.12 

4.29 

no 

8.91 

4.00 

4.18 

4.80 

4.48 

MO 

4.07 

4.15 

4.80 

4.48 

MO 

4.28 

4.31 

4.47 

4.66 

160 

4.S8 

4.46 

4.68 

800 

4.68 

4.61 

4.80 

Art.  4.  To  proportion  tbe  abuts  for  aii  areh  of  Htoiie  or 
briek,  wbotber  cirenlar  or  elliptic.    (Original.) 

The  writer  ^r«iitare«  to  offer  the  followine  rule,  in  the  belief  that  it  will  be  found 
to  combine  the  requirements  of  theory  with  those  of  economy  and  ease  of  applica> 
tion,  to  perhaps  as  great  an  extent  an  is  attainable  in  an  endeavor  to  reduce  so  com- 
plicated a  subject,  to  a  Mlinple  and  reliable  worklniT  rnle  for  prae* 
tieml  brld«e«bnlldera.  This  is  all  that  he  claims  for  it.  Notwithstanding  its 
simplicity,  it  is  the  result  of  much  labor  on  his  part.  It  applies  equally  to  the  smallest 
culvert,  and  to  the  largest  bridge ;  whatever  may  be  the  proportions  of  span  and  rise ; 
and  to  any  height  of  abut  whatever.  It  applies  also  to  all  the  usual  methods  of  filling 
above  the  arch ;  whether  with  solid  masoniy  to  the  level  i?/,  Pig  2,  of  the  top  of  the 
arch ;  or  entirely  with  earth ;  or  partly  with  each,  as  represented  in  the  flg :  or  with 
parallel  spandrel-walls  extending  to  the  back  of  the  abut,  as  in  Fig  2^.  Although 
the  stability  of  an  abut  cannot  remain  precisely  the  same  under  all  these  conditions, 
yet  the  diff  of  thickness  which  would  follow  from  a  strict  investigation  of  each  par- 
ticalar  case,  is  not  sufficient  to  warrant  us  in  embarrassing  a  rule  intended  for  popu- 
lar use,  by  a  multitude  of  exceptions  and  modifications  which  would  defeat  the  very 
ol^ect  for  which  it  was  designed.  We  shall  not  touch  upon  the  theory  of  arches, 
except  in  the  way  of  incidental  allusion  to  it.  Theories  for  arches,  and  their  abuts, 
omit  all  consideration  of  passing  loads ;  and  consequently  are  entirely  inapplicable 
in  practice  when,  as  is  frequently  the  case,  (especially  in  railroad  bridges  of  moderate 
spans,)  the  load  bears  a  large  ratio  to  the  wt  of  the  arch  itself.  Hence  the  theoretical 
line  of  thrust  has  no  place  in  such  cases.  Our  rule  is  intended  for  common  practice : 
and  we  conceive  that  no  error  of  practical  importance  will  attend  its  application  to 
any  case  whatever ;  whether  the  arch  be  circular  or  elliptic. 

It  iTlvc^  a  thickness  of  abnt^  which,  without  any  backlnic 
of  earth  behind  It.  Is  safe  In  Itself,  and  In  all  cases,  against 
tlie  pres.  when  the  bridice  Is  unloaded.  Moreover,  in  very  large  arches, 
in  which  the  greatest  load  likely  to  come  upon  them  in  practice  is  small  in  comparison 
with  the  wt  of  the  arch  itself,  and  the  filling  above  it,  our  abuts  would  also  be  safe 
from  the  loadtd  bridge,  without  any  dependence  upon  the  earth  beliind  them ;  but 
as  the  arches  become  lem,  and  consequently  the  wt  of  the  load  becomes  greater  in 
proportion  to  that  of  the  arch,  and  or  the  filling  above  it,  we  must  depend  more  and 
more  upon  the  resistance  of  the  earth  behind  the  abuts,  in  order  to  avoid  the  neces- 
sity of  giving  the  latter  an  extravagant  thickness.  It  will  tfier^ore  be  understood 
Vtrfmghtmt  thai,  exc^t  when  parallel  tpandrel  wallt  are  used,  our  ruUs  stppost  Utut 
aft€T  the  bridge  is  finished^  earth  wiU  bt  deposited  behind  the  abnU^itud  toUi*  height 
qfthe  roadway,  as  wudL  DjgHj,ed  by  GoOglc 
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al wti  tf  tot  ol«M  wlltnii,  n^mi  u  ittto  jwiiM 
k  tiM  mBpMMiv*  tliMyeM  with  will*  ad  wmmmm 
\  ghtm  to  ImportMit  alrwtant,  Im  led,  !■  auMf  «aiHL  to  IkB 
B  oM^tartli  to «M-talf  thtolM IhM  kf  «l»MMi«i«lik 
If  of  roaffb  rabble  add  6,  ins  to  insure  foil  thickness  in  every  part. 


nnMH  MoiM  aai  lto|» 
9t  heavy  trmtM  •!  kigh  apeai 
•trength  MB  that  to  gma 
«M  or  alNrtaMsto  ftoto  MM-t 


Thicki  on  of  (Aut  at  spri'ng'\ 

in/If  w?im  the  height  o  a     I   ^^ 
dou  not  exceed  IJ^  timet  the\  '^ 
base  8  p  j 


i?adt'n/l    ^  riaeinft   ,   ^  ^ 
6 ■*■  "TT"  +  ^-^ 


Mark  the  points  n  and  y  thus  ascertained.  Next,  from  the  center  <,  of  the  span 
or  chord  «  o,  lay  off  »  A,  equal  to  ^  part  of  the  span.  Join  a  h ;  and  through  n,  and 
parallel  to  a  ^  draw  the  indefinite  line  gnp  of  the  abut.  Do  the  same  with  the 
other  abut.  Make  y  m  and  ng  each  equal  to  half  the  entire  height  1 1  of  the  arch ; 
and  from  g  draw  a  straight  line  g  «,  touching  the  back  of  the  arch  as  high  up  as  pos- 
siUe ;  or  still  better,  as  shown  at  tm,  with  a  rad  d  <  or  d(  m,  (to  be  found  by  trial,) 
describe  an  arc  tm.  Then  gxortm  will  be  the  top  of  the  masonry  filling  abOTe  the 
arch;*  and  this  should  be  completed  before  striking  Ihe  centers;  before  which, 
also,  the  emhkt  should  be  finished,  at  least  up  to  y  n. 


Vow  find  by  trial  the  point  s,  Fig  2,  at  which  the  thickness  sp  ]b  equal  to  tw» 

•  BXCKPT  WHIW   THB  UBB  M 
BUT  ABOOT  4  OF  THB  SPAN,  OB 

lbm;  in  wbieh  oue  oarry  tb« 
maaonry  Bp  solid  to  the  Hra 
vtf,  of  the  top  of  the  arch.  Or 
if  the  arch  ii  a  large  one,  ex- 
oeeding  lay  about  80  ft  span; 
and  eipeoially  if  Itt  rise  is 
greater  than  abont  ^  of  its 
■pan,  It  li  better  to  eoenomlae 
masonry  by  the  use  of  paraOd 
Interior  spandrel-walls.  1 1.  Ffg 
m,  carried  np  to  «  (/.  Fig  1. 
Indeed,  aach  interior  walls  may 
often  be  adTantageonaly  Intre* 
dnoed  in  maoh  smaller  arehaa. 
When  high,  they  are  steadieA 
by  occasional  cross-walls,  as  It, 
Pig  2H-    Their  feet  «bould  be 


-*/-V- 


spread  by  ofheU.  ss  shown  at  o  o  o,  so  as  to  bear  upon  the  whole  snrf  of  the  back  of  «»«  »7»V-.2'2! 
eJttaUzing  the  pres  upon  It.  On  top  of  the  walls  flagstones  may  be  »»«•«'  •"*"»25!1  Sl^tall 
tSrned  frSm  wall  to  wall,  for  sopportlng  the  ballaat.  *o,  of  the  roadway.  T*»  fP^J-  be^w  ■»•  gj 
hollow.  In  Fig  2«  the  dark  part  w  »  is  supposed  to  be  a  section  mtoss  "i  f**"'"*"*'  J'' ?***"■• 
be  swwnd  oroM-wall.  similar  to  I C    In  R  B  bridges,  pat  a  spaudrelwaU.  U^under  each  rail. 

.gitizedbyV^OOgle 
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IkMi  of  th*  oonMpoDdiM;  mt  iwig^t  o  c,  «icl  dtsw  •  ji.  Tb«n  will  the  thiclttm§ 
on  or  ey  be  thait  at  the  iprmgliig  line  of  the  rtren  elrcnlar  or  elltotlo  «rofa  of  «ny 
rise  and  span ;  and  the  line  gp  will  be  the  bade  of  the  abut ;  prorided  ita  height  o  $ 
4oea  not  exceed  1>^  timea  tp ;  or  in  other  wordt,  provided  spiM  not  leas  than  ^  of 
•«.  In  practice.  >»•  will  rarely  exceed  thia  limit ;  and  only  m  arehea  of  considerable 
rise.  But  if  it  ahoald,  aa  for  inatance  at  o f ,  than  midce  the  ttaae  qu  equal  to  t  j»,  added 
to  one-fourth  of  the  addiiianal  hei|fht  tq^  and  draw  the  back  uto,  parallel  to  ^p ; 
and  ^[tending  to  the  lame  height,  so,  aa  in  Fig  2.  If,  however,  this  addition  of  ^ 
of  s  9  ahonld  in  any  caaa  give  a  base  o  u,  leaa  than  one-kl^f  the  total  heieht  oq,  (which 
will  very  rarely  hi4>pen  in  practice,)  then  make  q  u  equal  to  half  said  total  height ; 
dr»wii»g  Aha  faMk  pwailel  to#|;^  MdaxtfeadMag  it  to  the  aame  height  as  before.  Vhe 
additional  thiokneaaes  tilkoa  lauipKl  balow  «jx»  have  r^acenoe  rsAa-  to  the  pres  of  the 
earth  behind  tha  abut,  than  to  the  throat  of  the  arch.  In  a  very  high  abi|^  the  inner 
linejr  p  would  give  a  thiokoeaa  too  alight  to  sustain  this  earth  safely. 

When  the  height  o^  Vig  2,  of  the  «but  ia  leas  than  the  tbiokness  on  at  spring,  a 
■Ball  saving  of  masonry  (not  worth  attending  to,  except  in  large  flat  arches)  may  be 
affected  by  reducing  the  tUoknesa  of  the  abut  thron^Mut.  thus :  Make  o  k  eguia  to 
an,  and  draw  ic2.  Hake  oz  equal  to  ^  of  on,  and  draw  Iz.  Then, for  any  height 
aft  at  tJtmt  leas  than  <kn^  draw  hm,  termini^Dg  in  is.  This  bv  wiU  be  suficient  base. 
If  the  ftran^hitiena  are  Urm.  The  ba<^  of  the  ab«t  will  be  drawn  upward  frten  v, 
parallel  to  gp^  and  terminating  at  the  same  height  as  ^  or  w. 

Rix.  1.  iJl  the  abnts  thus  found  will  (with  the  provisions  in  Art  6)  be  safe, 
without  any  dependence  up<»i  the  winc^walls :  no  matter  how  high  the  embkt  maj 
sstend  libove  ^e  top  of  the  arch.  If  the  bridge  is  narrow,  and  the  inner  f^ces  of 
the  wing-walls  are  consequently  brought  so  near  together  as  to  afford  material  as- ' 
slstance  to  the  abuts,  the  latter  may  be  made  thinner;  but  to  what  extent,  muat 
depend  upon  the  Judgment  of  the  engioeer. 

yf;  liowvTer,  emutton  th«  jov^t  praoUtloiier  to  be  earetal  how  h*  aOoitts  OtBeniioai  Um  than  thaae 
given  toy  o«r  rule.  There  are  eeitala  praetioal  coostdermtlone,  eooh  m  oareleeaoeea  of  worknanfehfp ; 
newneee  of  the  mortar ;  danger  of  undne  itralne  when  remoTing  the  eentert ;  Uabilhj  of  derange' 
aMot  Onrlng  the  proeeea  tf  depoeitlivg  the  earth  behind  the  abuts,  and  over  the  arch :  4o,  whtoh  most 
BOi  he  overlooked;  alUMragh  ft  la  impenthle  toTOdnoe  them  to  oaloalatien. 

Whenever  H  ean  he  done,  the  eenten  iheoM  remain  in  plaee  antU  the  emldtt  la  laMiedi  and  Inr 
SDUe  thne  «rterward.ie  allow  the  mortar  to  set  well.    But  for  more  oa  tUi  eee  Bern  4.^^  ^3 

Bbm.  t.  ▲  food  dad  of  inMrtrleeometlmaB  token  ia  redndng  the  quantity  of  mayeory  abe^  Ito 
seringingllBe  of  aeehee  of  oonsideraMe  me,  and  of  moderate  Rpant.  Whaa  care  ft  takea  to  leave 
the  oeo«cre«iBadlac  «*tU  the  earth  MUag  la  oempleted  above  the  arch,  and  behind  lis  abota,  no  thai 
It  maj  not  be  dwanged  hj  accident  during  that  operation ;  and  when  good  cement  ia  need  instead  of 
common  mortor.  soch  experiments  may  be  tried  with  eomparatlve  safetj  $  especially  with  cnlrert 
arches,  in  which  the  depth  of  arch-stones  is  great  in  proportion  to  the  span.  They  mnat,  however,  bo 
left  to  the  Jndgmeat  of  the  engineer  in  charge ;  as  no  apedflc  mlee  can  be  laid  down  for  them.  They 
eaa  hardly  be  regarded  as  ^gMmsle  nraetiee,  and  wo  eavnot  reoommend  them.  We  have  known 
nearly  semlelronlar  arehea,  of  tO  to  40  ft  span,  to  be  tbna  bvflt  sneeesetaUy.  with  scarcely  a  particle 
of  masonry  above  the  springe  to  back  them.  Sach  srehee,  however,  are  apt  to  fall,  if  at  any  future 
period  the  earth  filling  la  remored.  without  taking  the  preeantion  le  flret  build  a  center  or  s<nw  other 
enpport  for  them.  Kven  when  the  emblrt  can  be  finished  before  tte  oentera  are  removed,  we  cannot 
roeommaad  (and  that  only  in  amall  apaaa)  to  do  !«••  than  to  make  n  g.  Fig  S,  equal  to  )<  of  the  total 
hdgbt  <  I  of  the  arch ;  and  from  g  so  foand,  to  4raw  a  straight  line  touehlng  the  back  of  the  arch  aa 
high  up  as  poeeible. 

Rkm.  S.  We  haTe  said  nothing  about  battering  tk«  flkces  of  the  abota, 
because  in  the  orssslng  of  streams,  the  batter  either  diminishes  the  water-way ;  or 
requires  a  greater  span  of  arch.  Such  a  bvtter,  however,  to  the  extent  of  from  }4 
to  1J<^  ins  to  a  ft,  is  ueefnl,  like  the  offsets,  for  distributing  the  wt  of  the  structure, 
and  its  embkt,  over  a  greater  area  of  foundation ;  fMipecially  when  the  last  is  not 
naturally  very  firm ;  or  when  the  embkt  extendfl  to  a  considerable  height  above  the 
arch.  In  our  tables,  Nos  3  and  5,  of  approximate  quantities  of  masonry  in  semi- 
drcnlar  bridges  of  from  2  to  60  ft  span,  the  faces  are  supposed  to  be  vert. 

Art.  5.  Abntment-plers.  When  a  bridge  consists  of  several  arches,  sus- 
tained by  piers  of  only  the  usual  thickness,  if  one  arch  should  by  accident  of  flood, 
or  otherwise,  be  destroyed,  the  a4Jacent  ones  would  overturn  the  piers ;  and  arch 
altar  arch  would  then  fall.  To  prevent  this,  it  is  usual  in  important  bridges  to  make 
some  of  the  piers  sufficiently  thick  to  resist  the  pres  of  the  adjacent  arches,  in  case 
of  such  an  accident ;  and  thus  preserve  at  least  a  portion  of  the  bridge  from  ruin. 
Such  are  called  abutment-piers. 


Onrfbrmulaof  — -^—  +  tft.  for  the  thloknees  at  spring;  with  the  haek  battering  as  hefbre. 
at  the  rate  of  J^^of  the  span  to  the  rlae ;  face  vert;  will  of  Itself  (tsfthovf  any  ine<i<^caMon>brfreal 
h*lght»)  give  a  perfectly  aafla  abut-pler.  for  any  unloaded  bridge ;  and  to  any  height  whatever ;  dae 
ngard  bMng  had,  however,  to  the  eonaideration  alluded  to  in  the  next  Art.  Thua,  for  an  abut-pler 
as  high  as  o  o,  Fig  t;  or  of  any  greater  height ;  it  ia  only  neceesary  first  to  find  the  thickness  o  n  at 
epring  aa  before ;  and  then  draw  the  battered  back  gnp:  extending  it  down  to  the  base  at  B ;  with- 
Mt  adding  )4  of  the  additional  height  •  f .    This  addition  is  made  in  the  OMo^of  abuta.  that  they 
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wuLf  be  a«onre  fmm  the  prss  of  the  tarth  behtaid  them;  m  well  ae  ttam  thepres  of  the  areta:  lk«M 
ikleraUon  whloh  doee  not  epidr  to  abut^pien ;  io  wbich  00I7  the  pree  of  the  arch  ia  to  be  reauled. 

Bot  althoagh  the  abot-pier  thai  found  hj  oar  formula,  would  be  abnudantly 
•afe,  yet  it*  ihape  ab  eo.  Fig  8,  Is  inadmlsaible.  In  praedoe  It  would  M 
changed  to  one  lomewbat  like  that  shown  by  the  dotted  lines ;  haring  an  equal 
degree  of  batter  on  both  facet.  This  of  course  requires  more  masonry,  witk 
but  little  increase  of  stability ;  but  that  cannot  be  avoided. 

Wnmm  ab  ▲but-pisk  u  built  hi  dksp  watsk,  or  in  a  shallow  stream  sub* 
ject  to  high  ftvshett,  care  must  be  taken  that  water  cannot  find  its  way  undet 
the  pier,  and  thus  produce  an  upward  pres,  whloh  will  either  diminish,  or 
entirely  counteraot  iu  eflloiency  as  an  abut.    See  Bemark  1,  Art  4,  of  Hy- 


ViiA- 


Art.  6.  Inellnation  of  tbe  eooives  of  masonrj' 
below  tbe  springs  of  an  arch.  Although  our  fore- 
going role  gives  a  thicknees  of  abut  which  cannot  be  ov&rtunud, 
or  upwty  by  the  pree  of  the  arch,  yet  if  the  arch  be  of  large  apan, 
and  small  rise,  its  great  hor  thmst  may  produce  a  ilidtng  out- 
ward of  the  masonry  near  the  level  of  the  springs,  if  the  stonet 
are  laid  in  ?»or  courses ;  especially  if  the  mortar  has  not  set  welL 
This  danger,  it  is  true,  could  be  aTofded  by  oonflnlng  the  eeurses  tevetlMr 
by  Iron  bolu  and  cramps ;  or  by  increasing  considerably  the  thickness  of  the 
wuts ;  but  the  expense  of  doing  either  of  these,  leads  to  the  cheaper  expedient 
of  Inclining  the  masonry,  ae  shown  between  o  and  n.  Fig  4 ;  the  courses  near  o 
being  steeper ;  and  gradually  becoming  less  steep  near  n. 
Bt  this  process  the  arch  is  rlrtually  prolonged  into  the  body 
of  the  abut,  so  tar  that  when  the  Inclination  of  the  lowee 
masonry  ceases,  as  at  n,  the  direction  of  the  theoretloal 
MiM  0/  thnutt  or  ofprtt  of  the  arch,  (rudely  r^treaented 
by  the  dotted  curred  line  0  n)  is  nearly  at  right  angles  to 
the  Joints  of  the  hor  masonrr  below  n;  and  consequently, 
said  thrust  is  unable  to  prodnoe  sliding  ai  that  point.  Be- 
tween o  and  n.  the  line  of  pres  is  every  where  so  nearly  at 
right  angles  to  the'  variously  inclined  Joints,  as  to  preclude 
the  possibility  of  sliding  in  that  interval  also. 

The  abut  being  thos  safe 
throughout  from  both  orerturning  and  sliding,  can  faU 
only  from  defective  foundations;  or  from  the  inferimrity 
of  the  stone  of  which  it  is  built;  and  which,  if  soft,  ouqr 
be  crushed. 

This  inclination  of  the  masonry  is  as  neoea* 
sary  in  an  elliptic  arch,  Fig  4^  as  in  a  circular 
one. 
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Tke  clliptlD  ten  to  pteltt|7  MteveraM*  fbr  uMm  Mm  •nli'MoBM  wftk  Mm  iMllacd  nia^ 
tk»sprlnc«,  M  as  to  rMilT*  Um  thrwi  property ;  or  atMMit  tA  ri|^t  anflM  to  lu  rMnlUnt.  In  ordi- 
MMTj  OMM  thto  dUBoQltj  Mftj  bo  OTOTOOiM  bj  tBAkyig  tko  jolott  of  oDlj  the  oautde  or  thowiof  arob- 
Moooo  to  ooafom  to  the  elUptte  owra;  w  between  «  and  • ;  while  the  Joints  of  the  inner  or  bidden 
one*,  mey  hare  the  directions  shewm  betwee*  g  and  i*.  neariy  at  right  anglea  to  the  line  of  thrust.  It 
will  rarely  happen,  bowerer,  that  the  yeong  engiaeer  will  have  to  eonstroet  ellipiio  arches  of  safD- 
elent  nagnitade  to  require  either  this,  or  any  eqniralant  expedient.  For  spans 'less  than  50  ft,  with 
rises  not  less  than  aboat  ^  of  the  sp«n,  nothing  of  the  kind  is  aetaally  necessary,  if  the  mortar  is 
good,  and  has  time  to  harden,  f 

In  order  to  Incline  the  masonry  of  any  abut  with  sufBolent  accuracy.  It  would 
be  necessary  first  to  trace  the  curved  line  of  pres  of  the  given  arch, 

so  as  to  arrange  the  bed  Joints  about  at  right  angles 
to  it  at  every  point  of  its  course :  but  we  offer  the  following  process  as  snfficing  for  all 
ordinary  practical  purposes ;  while  its  simplicity  places  it  within  the  reach  of  the  com- 
mon mason.  In  actual  bridges  the  direction  of  the  actual  thrust  changes  as  the  load 
hi  passing;  therefor*,  in  practica  no  given  degree  of  inelination  of  the  abut  masonry 
can  conform  to  it  precisely  during  the  entire  passage.  Consequently,  any  excess  of 
refinement  in  this  particular,  becomes  simply  ridiculous ;  especially  in  einall  spans. 

Role  for  Inclining  the  beds  of  tbe  masonry  In  tbe  abnts. 
Add  together  the  rad  em,  Pig  4;  and  the  spcui  of  the  arch.  Div  the  sum  by  5.  To 
the  quot  add  3  ft.  Make  o  <,  on  the  rad,  equal  to  the  last  sum.  Then  is  <  a  central 
point,  toward  which  to  draw  the  directions  of  the  beds,  as  In  the  fig.  Draw  1 1  bor, 
and  fh>m  I  as  a  center,  describe  the  arc  o  y ;  o  being  the  center  of  the  depth  of  the 
^ringers.  From  y  lay  off  on  the  arc  the  diet  pn^  equal  to  one^izth  part  ofty;  draw 
in  a.  It  will  never  be  n$eet$tuy  to  incline  the  mMonry  below  this  tna.  Neither 
ntMl  the  inclination  extend  entirely  to  the  fttce  m  i  of  the  abut ;  but  may  stop  at  e, 
about  balf-way  between  i  and  n.  From  <  i:^ward,  the  inclination  may  extend  for- 
ward to  the  line  e  m. 

Cement  should 
be  tnelj  used,  not  only  in  the  arches  themselves,  and  in  the  masonry  above  them,  u  a 
protacUoB  flroon  rain-soakace ;  but  in  abuts,  wing^walls,  retaining-walls,  and  all  other 
important  masonry  expoeed  to  dampness.  The  entire  backs  of  important  brick  arches 
should  be  covered  with  a  layer  of  good  cement,  about  an  inch  thick.  The  want  of  it 
can  be  seen  throughout  most  cf  our  public  works.  The  common  mortar  will  be 
found  to  be  deoayed,  and  fiUling  down  from  the  soflBts  of  arches ;  and  ftrom  the  jdints 
of  masonry  generally,  within  from  3  to  6  ft  of  the  surface  of  the  ground.  The  mois- 
ture rises  by  capillary  attraction,  to  that  dist  above  the  surf  of  the  nat  soil;  or 
descends  to  it  from  the  artificial  surf  of  embankments,  Ac;  therefore,  cement-mortar 
should  be  employed  In  those  portions  at  least.  The  mortar  in  the  fttces  of  battered 
walls,  even  when  the  batter  is  but  1  to  lU  inches  per  foot,  is  &r  more  ii^jured  by  rain 
and  exposure,  than  in  vert  ones;  and  uionld  therefore  be  of  the  best  quality.    See 

MOBTAX,  Ac 

We  have,  however,  se«i  a  quite  free  percolation  of  surface  water  through  brick 
arches  of  nearly  3  ft  in  depth,  even  when  cement  was  fireely  used.  In  aqueduct 
bridges,  we  believe  tiiat  cement  has  not  been  found  to  prevent  leaks,  whether  the 
arches  were  of  briok,  or  even  of  cut-stone.  May  not  tUs  be  the  eflbct  of  cracks 
produced  by  settlement  of  the  arch;  or  by  contraction  and  expansion  under  atmoa* 
pheric  influence !    Cement  at  any  rata  prevents  the  Joints  from  cnunbling. 


1 


t  The  fleet  of  both  elHptIo  and  semietreular  arches  are  ahrmys  made  bor ;  bnt  il  Is  plain  from  Pig 
^.  that  this  praetiee  is  at  varlanee  with  eerreet  principles  of  stabUltv  in  the  ease  of  the  eUlpsa.  Il 
to  the  same  in  the  semteirole.  In  ordinary  bridges  of  the  latter  form,  tne  vert  pres,  or  weight  resting 


en  enoh  skewbaek,  to  (rooghly  speaking)  nsnally  aboat  fTom  SM  to  4  tteea  the  hor  pres  en  the  same  t 
and  the  total  pres  to  aboat  4  times  as  great  as  tne  pres  on  the  keystone.  ThereCsre,  theoretically,  the 
skewbaek  shoold  asaany  be  aboat  4  times  as  deep  as  the  heysteae;  and  its  bed,  instead  of  being  her, 
sheold  be  inclined  at  the  rate  of  about  1  vert  to  4  hor. 
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J  kind,  matt  b«  OMd  for  prertDtiBf  the  am' 
■oory  fhMn  aUding  down,  ontU  th*  oomptotion  of  the  ereh  MOttrce  ifc 
from  doing  so.  The  hor  eo«rsee  between  the  fnoe  «•  i,  aad  the  line 
o  e,  will  aid  eomewbat  in  this  respeet. 

This  method  eboold  he  eppiled  to  all  eery  larye  archt  whose 
riae  is  one*thiid,  or  less,  of  the  sp«n.  Ae  before  remerked,  li 
la  not  aotuOlj  neoesaaiy  in  urohea  not  eaoeeding  ehent  50  ft  spaa, 
and  not  flatter  than  ^  of  the  span.  Indeed,  if  the  earth  fllUng  caa 
be  deposited  before  the  oenters  are  removed,  these  limits  mar  beoon- 
slderablT  extended  without  danger.  Still,  sinoe  a  certain  degree  of 
inclination  is  attended  with  very  little  trouble  or  expense,  we  would 
recommend  for  even  sach  arohes,  a  prooess  somewhat  like  the  follow- 
ing: From  hot/  the  span  uke  therbe.  Div  the  rem  Inr  S.  Makeo  (< 
Fig  5,  equal  to  the  quot.  Draw  I  n,  and  e  m,  hor.  DiT  the  angle 
torn  into  two  eqaal  paru,  br  tbe  line  o  a.  Incliae  the  masonrj  so 
as  to  be  parallel  to  o  a,  as  far  down  as  t  n.  The  inollned  eonrsea 
say  extend  out  to  the  fkoao  t,  or  net,  at  pleaanra. 

Bnc.  1.   To  find  tke  lenir*!!  (ab,  Fig  7) 
from  face  to  face  of  a  culvert.     From 

the  height  At  of  the  embkt,  take  the  oiore-yretMMl  height  n  a 
of  the  oolvert;  the  rem  will  be  the  height  it  o  of  the  embkt 
oiove  tbe  enlTcrt.  Then  the  reqd  length  «  ft  ia  plainly  equal 
to  the  top  width  id  of  the  embkt,  added  to  the  two  dists  as. 
cb,  which  correspond  to  its  steepness  of  side-slopes.  Thus,  if 
the  side-slope  is,  as  asoal,  1^  to  1,  then  m»  and  e&  will  each  be 
eqaal  to  1^  times  o  it :  or  tbe  two  together  will  be  S  times  o  Jk 
So  that  if  the  width  id  is  14  ft,  and  k  o  6  ft,  the  Imgth  a  b  wiU  be 
U*f  (6X8)  =  14*f  15  =  »ft 

Art.  7.  Tbe  following  tables,  8,  4,  and  5,  of  qnantlties,  will 
be  found  usef  nl  for  expediting  preliminary  estimates ;  for  whicli  purpose  chiefly  they 
are  intended ;  hence  no  pains  liave  been  taken  to  make  them  scrupulously  correct^ 
bnt  rather  a  little  in  excess  of  the  truth.    The  first  column  of  Table  3  oontains  tbe 

total  vert  height  o  e,  Fig  0,  from  tbe 
^  J  crown  o  of  a  semicircSar  arch,  to 

'  the  foundation  or  base  ^m  of  its 

abut.  Tbe  other  oolumns  glTe.ap' 
proximately  the  number  of  cub  yd» 
contained  in  each  mniyng  foot,  or 
foot  in  length  of  the  culTert  or 
bridge,  meaenred  from  end  to  end 
(face  to  Ikoe)  of  the  urch  proper; 
and  including  only  the  arch  and  its 
abuts,  as  shown  in  Fig  1 ;  or  in  the 
half  section  opmgy  in  Fig  fit  In- 
cluding footings  to  the  abate,  but 
omitting  the  win^-walls  («a  »),  and 
the  qwuDdrel-walis  (t),  Figs  6  and 
2^  At  the  foot  of  each  column  is  the  approximate  content  in  cub  yds  of  the  two 
spandrel-walls  by  themselvee;  one  over  each  face  of  the  arch. 

These  spandrel-walls  are  calculated  on  tbe  sapposttlon  that  their  thickneas  at  baae,  at  their  Juae- 
tiMk  with  the  wing-walls,  where  their  height  is  greatest,  is  equal  to  -A-  of  thdr  height  at  that  point : 
cxeept  where  that  proportion  givea  a  less  thickness  at  top  than  3^  ft ;  and  that  they  extend  2  ft  (e«) 
aboTO  the  top  o  of  the  arch.  At  the  top  of  the  arch,  thej  are  all  anppoaed  te  be  2)^  ft  thick  at  top; 
that  being  aasamed  to  be  about  the  least  tbteimess  admiseible  in  a  rubble  wsJl  ia  aneh  a  peaitiea. 
Betb  the  back  and  the  fsee  are  eappesed  to  be  rert.  The  eontante  of  theee  spandrel-walis  will  rtj 
somewhat,  however,  even  in  the  same  spaa,  with  the  height  of  the  abut  and  the  arraagement  of  the 
wings.  They,  howoTer,  constitute  so  small  a  proportton  of  theeatireeaiiilenlB  given  in  Table  fi,  that 
this  consideration  maj  be  neglected  in  preliminary  estimates.  They  are  so  firmly  bonded  into  the 
masonry  of  the  wings  at  their  highest  poinU.  and  so  strongly  oonneoted  by  nunrtar  with  the  backing 
9X  the  arch  at  their  baaea,  that  they  require  no  greater  thiekneaa  howarer  high  the  emb  may  be. 

Tbe  contents  of  tbe  four  winip- walls,  of  which  njw  \  Fig  6,  is  one, 
will  be  found  in  a  table  (No.  4)  immediately  following  that  for  the  body  of  the  cul- 
Tert  We  haye  also  added  a  table  (No.  5)  for  complete  semicircular  culrerte  of 
▼arious  lengths,  including  their  spandrel  and  wing  walls. 
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Kbm.  1.  Although  the  thickneM  of  ^ing-waUa  iaQr«i»efl  la  all  parts  with  their 
height,  they  are  not  made  to  show  thicker  at  nj  than  at  <t,  Fig  a ;  but  (as  seen  in  tht 
fig)  are  offsetted  at  their  back  t  n,  a  little  below  their  tilautiug  upper  surf  »,;',  so  as 
to  give  a  uniform  width  for  the  steps  or  flagstones,  as  the  case  may  be,  with  which 
they  are  covered.  In  the  fig  the  covering  is  supposed  to  be  of  flagstones ;  but  steps 
are  preferable,  being  less  Ikkble  to  derangement.  To  prevent  the  flagstones  from 
sliding  down  me  inclined  plane  jt,  the  lower  stone  i  should  be  deep  and  large,  and 
laid  with  a  hor  bed.  The  flags  are  sometimes  cramped  tc^ther  with  iron,  and  bolted 
down  to  the  wall.    Steps  require  nothing  of  that  kind,  as  seen  at «,  Fig  11. 

RsM.  2.  Tke  tables  sUow  tbe  Inexpedleney  of  too  mncli  eon- 
traetliiff  tke  wldtli  of  water-way,  with  a  view  to  economy,  by  adopting 
a  small  span  of  arch,  when  a  culvert  of  greater  span  can  be  made,  of  the  same  total 
height. 

For  the  wiogi  miMt  be  the  same,  whettier  the  span  be  freat  er  raaall,  provided  the  total  height  is 

tire  qoantitj  of 
•  oomparativdv 
fcl  height, 

of  the  tame  height  and  length,  it  152.4.  A  aemiotroalar  bridge  of  25  ft  span,  2i  ft  total  height,  and 
40  ft  between  the  faees  of  the  aroh,  oonti^s  IMl  eob  jda;  whUe  one  of  35  ft  epan,  of  the  eame  height 
and  length,  oontaine  1134  yds ;  so  that  in  thk  oase  we  nay  add  nearlj  60  per  oent  to  ttM  water-way, 
by  inoreaslng  the  nawmry  of  the  bridge  but  -j^th  part. 

RxM.  S.  Partly  for  the  same  reason,  and  partly  because  the  ealrertii  for  a 
doable-traok  roafl  are  not  twice  as  looff  as  tbose  f6r  a  sliiiirle» 
track  one^  the  quai^ity  of  culvert  masonry  for  the  former  will  not  average  more 
than  about  from  ^  to  ^  part  more  than  that  for  the  latter;  so  that  it  frequently 
becomes  expedient  to  Jinuk  the  culverts  at  once  to  the  ftill  length  required  for  a 
double  track,  although  the  embkts  may  at  flrst  be  made  wide  enough  for  only  a 
single  one,  with  the  intention  of  increasing  them  at  a  future  time  for  a  double  one. 

Thne,  the  average  tlse  of  onlverti  fbr  a  etngle  traok  may  be  roaghly  taken  at  V  ft  span,  M  ft  loag 
lh>m  faoe  to  two*,  and  10  ft  total  height;  and  ■nob  a  one  oontaina,  by  Table  6, 140  eob yda.  For  a 
dooble  track,  it  would  reqalre  to  be  about  12  feet  longer ;  and  we  eee  by  Table  8  that  this  will  ad(* 
1.67  X  12  =  32  oub  yds;  making  a  total  of  172  yds  instead  of  140;  thne  adding  rather  tea  than  H 
part.  When  the  oalverts  are  onder  very  high  embkta,  and  oonseqoentfy  maen  longer,  the  addition 
lor  a  double  traok  becomes  oomparatively  quite  triflii^. 

Table  8,  of  approximate  nnmbers  of  cab  yds  of  masonry 
per  foot  ran,  contained  in  tbe  arches  and  abntments  only,  as 

»iown  in  Fig  1  (omitting  wings,  and  the  spandrel^walls  over  thtt  faces  of  the  Mroiies) 
of  semicircular  culverts  and  bridges,  of  from  2  to  60  ft  span,  and  of  different  total 
heights,  h /,  Fig  1,  or  o c,  Fig 6.  It  will  b»  seen  that  in  many  cases, a  bridge  dkargar 
span  contains  less  nnsonry  than  one  of  smaller  span,  when  their  total  height*  are  the 
tatne.  There  is  a  liberal  allowance  for  footings  or  offsets  at  the  bases  of  ts»  atmta 
TABl^K  S.    (Original.) 


Total 
Height. 

Span 
2fl. 

IT 

Span 
4ft. 

!T 

Span 
6ft. 

Span 
8ft. 

Span 
Id  ft. 

Span 
12  ft. 

iflu 

Feet. 

3 

Cub.  y. 
.42 
.60 
.7» 
.99 
1.28 
l.«2 
2.01 
2.45 
2.94 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Onb.  y. 

8 

.68 
.83 
1.04 
1.28 
1.59 
1.96 
2.88 
2.85 
3.38 
8.96 

.67 
.87 
1.06 
1.28 
1.55 
1.91 
2.31 
2.76 
3.26 
8.82 
4.42 
6.08 

' 

4 

.92 
1.15 
1.87 
1,64 
1.95 
3.29 
2.72 
3.19 
3.72 
4.29 
4.90 
6.57 
680 

.97 
1.21 
1.46 
1.72 
1.99 
2.27 
2.67 
8.12 
»M 
4.17 
4.77 
5.42 
6.12 
#.87 
7.69 

5 

g 

1.58 
1.85 
2.13 
3.42 

3.n 

8.16 
3.57 
4.10 
y4.67 
5.30 
5.97 
6.70 
7.48 
8.32 
9.20 

1.69 
1.97 
2.28 
2.56 
3.87 
8.19 
8.52 
4.02 
4.57 
6.17 
6.82 
6.52 
7.27 
8.07 
8.92 
9.82 
10.8 

7 
8 

9 

10 
11 

la 

IS 

2.13 
3.38 
2.66 
2.9? 
3.2& 
3.55 
3.86 
4.41 
5.01 
5.56 
6.26 
7.01 
7.71 
8.64 
9.46 
10.8 
11.3 
K.8 

"i'.oi** 

8.34 
8.67 
4.81 
4.36 

14 

4.7» 

15 

5.09 

10 

5.69 

17 

6.34 

18 

:::::::: ::::::: 

7.04 

19 

7.69 

s 

8.49 

9.84. 

fy 

10.2 

28 

11.1 

34 



12.1 

t5 

18.2 

20 

::::::::::;:.:;: 

' 

^4.2 

1 

Oontenta  of  the  two  spandrel-walle,  over  the  two  ends  of  the  arch,  in  cu^  fda. 


I     2.9     I     8.7     I     4.4      I     8.3      \     5.8     |     7.9     | 
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TABI4E  3.    (Continued.) 


Total 

8pM 

_?L 

Total 

l?S 

Total 

Span 

Height. 

iOft. 

height. 

Height. 

50  ft. 

Feet. 

^V 

Cub.  y. 

Feet. 

Cub.  y. 

Feet. 

Cub.  y. 

13 

20 

10.5 

27 

18.0 

IS 

4.98 

21 

11.0 

28 

18.7 

14 

5.87 

■'6.l6' 

22 

11.6 

29 

19.4 

15 

5.77 

6.41 

23 

12.2 

80 

20.1 

16 

6.18 

6.76 

24 

12.7 

81 

20.9 

17' 

6.60 

7.16 

25 

18.8 

83 

21 .« 

18 

7.03 

7.61 

26 

18.8 

83 

22.4 

19 

7.47 

8.10 

27 

14.5 

84 

23.1 

90 

8  12 

8.60 

28 

16.1 

86 

33.9 

31 

8.82 

9.03 

29 

15.7 

86 

24.7 

22 

9.57 

9.72 

30 

16.8 

87 

25.5 

2S 

10.4 

10.4 

31 

17.0 

38 

26.3 

24 

118 

11.2       1 

32 

18.1 

80 

27.1 

25 

12.2 

12.1 

38 

19.3 

40 

28.0 

26 

13.1 

13.0 

34 

30.4 

41 

28.8 

27 

14.1 

14.0 

36 

31.7 

42 

30.0 

28 

15.2 

15.0 

86 

28.0 

43 

31.5 

39 

16.3 

16.1 

87 

24.3 

44 

33.0 

80 

17.4 

17.2 

88 

25.7 

45 

34.6 

31 

18.6 

18.4 

89 

27.2 

46 

S6.3 

as 

19.9 

19.6 

40 

28.7 

47 

38.1 

18 

21.2 

20.9 

41 

80.2 

48 

39.8 

14 

22.6 

22.2 

'    48 

81.8 

49 

41.6 

86 

24.0 

28.6 

83.5 

60 

43.6 

M 

25.4 

25.0 

44 

35.3 

61 

45.5 

37 

26.9 

26.6 

45 

36.9 

52 

47.4 

38 

285 

28.0 

46 

88.7 

68 

49.4 

39 

30.1 

29.5 

47 

40.6 

54 

51.6 

40 

31.7 

31.2 

48 

42.5 

65 

53.7 

41 

32.8 

49 

44.4 

66 

55.9 

42 

34.5 

50 

46.4 

57 

58.1 

43 

36.8 

58 

60.4 

44 

88.1 

59 

62.7 

45 

40.0 

60 

65.1 

Contents  of  the  two  apandrel-walla,  over  the  two  enda  of  the  aroh,  In  cub  yda. 
28.  I    42.         II ;      85.        II I    196. 

Art.  8.  The  followlnfr  table  of  contents  of  wing-walls,  or  wings,  will, 
like  the  preceding  one,  be  useful  in  making  preliminary  estimates.  The  wings 
no^  no,  shown  in  plan  at  Fig  8,  are  supposed  to  form  an  angle  aoe^  oflTfP^  with  the 
fiMse,  or  end  o  o  of  the  culvert.  Their  outer  or  Hmall  ends  n  n,  are  all  assumed  to  be  of 
the  dimensions  shown  on  a  larger  scale  at  £.  Thickness  at  base  at  every  part  equsJ 
to  ^  of  the  height  of  the  wall  at  said  i)art ;  except  when  that  proportion  becomes 
too  small  to  allow  the  width  or  thickness  at  top  to  be  2.5  ft ;  In  which  case  It  is  en- 
larged  at  such  parts  sufficiently  for  that  purpose.  See  Remark  2.  This  happens  only 


Fig.S 

when  the  height  m  m,  Fig.  E,  of  the  wing,  becomes  less  than  9  ft.  Batter  of  face,  1^ 
^n8.  to  a  ft. ;  or  1  in  8.  Back  vert. ;  but  oflfsetted,  if  necessary,  for  a  short  dist.  below 
the  top,  BO  as  to  give  a  uniform  showing  top  thickness  of  2j4  ^  The  masoniy  is 
supposed  to  be  g(K>d  well-scabbled  mortar  rubble.  The  height  given  in  the  first 
column  is  the  greatest  one ;  or  that  at  o  o  (or  wL  Tig.  6),  where  the  wing  Joins  the 
face  of  the  culvert.  In  the  table  no  allowance  is  made  for  footings  (oflTsets  or  steps) 
at  the  base  of  the  wings;  as  these  are  frequently  omitted  in  wings  on  good  founda* 
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tfona.    In  taking  ont  qnsotitiM  from  the  tai^  bear  in  Bifaid  that  the  height  of  the 
wings  i0  usually  a  littie  greater  than  that  of  the  cuhrert  itself, 

The  plan  shown  at  C  is  the  common  one,  hnt  that  at  D  is  greatly  preferable  for 
culverts;  for  the  shoulders  at  o  o  in  Fig.  C,  apart  from  their  greater  liability  to  catch 
branches  of  trees,  etc.,  £k)ating  down  stream,  offer  of  themselves  a  much  greater  ra- 
sistance  to  the  flow  of  the  water  into  the  culyert  than  do  the  mere  corners  at  o  o, 
VIg.  D. 

Table  4,  of  approximate  contents.  In  enb  yds,  of  the  fonr 
wlnif-walls  of  a  enlvert,  or  brld|pe.    (Original ) 

The  heights  are  taken  where  greatest ;  as  atj' 10,  Fig  6 


By. 

u^ 

Cob.  yd: 

In 

--?"' 

UJJU. 

Cab.  7di. 
in 

wing. 

one  wing. 

4  wings. 

Wing. 

one  wing. 

4  wing*. 

Feet. 

Veei. 

Feet. 

Feet. 

• 

1.78 

4.04 

80 

48.8 

818 

7 

8.46 

8.86 

83 

46.8 

907 

I 

6.90 

14.6 

84 

50.8 

1103 

6.93 

31.5 

86 

58.7 

1414 

10 

8.06 

80.3 

88 

67.3 

1661 

11 

10.4 

40.9 

40 

60.7 

1988 

1» 

U.1 

58.7 

43 

64.3 

2220 

14 

15.6 

85.3 

44 

67.6 

8563 

16 

19.1 

138 

46 

71.1 

8913 

18 

«.6 

188 

48 

74.6 

3806 

M 

se.o 

247 

50 

78.0 

8741 

» 

39.5 

839 

55 

86.7 

4943 

34 

88.9 

436 

60 

06.8 

6404 

M 

86.4 

541 

65 

104 

8181 

18 

89.8 

673 

70 

US 

10165 

To  redooe  onb  vdi  to  perohee  of  35  oab  ft,  molt  br  1.060. 
To  redoce  perehee  to  00b  yds,  mslt  by  •936,  or  dir  by  1.08. 

Tbe  eontnts  for  heights  intennedlate  of  those  in  the  taUe  may  be  tonnd  »pprazlmstriy  by  simple 
proportion. 

Rbm.  1.  It  is  not  recommended  to  actually  prolong  all  wings  until  their  dimen- 
sions become  as  small  as  shown  at  S,  in  Fig  8.  In  large  ones  it  will  generally  be 
more  economical  to  increase  their  end  height  m  m,  a  few  feet.  The  contents,  how- 
ever, may  be  readily  found  by  the  table  in  thaH  case  also.  Thus  suppose  the  height 
of  the  wings  at  one  end  to  be  30  ft,  and  at  the  other  end  8  ft;  we  have  only  to  sub- 
tract the  tabular  content  fbr  8  ft  high,  from  that  for  80  ft  high.  Thus,  818  — 14.6  = 
803.4  cub  yds  required  content 

Rbm.  2.  It  might  be  supposed  that  inasmuch  as  the  vrings  of  arches  often  have  to 
sustain  the  pressure  from  embankments  reaching  far  above  their  tops,  they  should, 
like  ordinary  retaining-walls,  be  made  much  thicker  in  that  case.  But  the  flujt  that 
they  derive  great  additional  stability  from  being  united  at  their  high  ends  to  the 
body  of  the  bridge  or  culvert,  renders  such  increase  unnecessary  when  propoi  tioned 
by  our  rule ;  no  matter  how  far  the  earth  may  extend  above  them  ;  as  shown  by 
abundant  experience. 

Relying  upon  thia  aid.  we  may  Indeed,  when  the  earth  doee  not  extend  above  the  top,  redaoe  tbe 
base  at  •  to  one-third  of  the  ht.  as  shown  at  o  < ;  and  by  dotted  line  t ».  Bxp«rienoe  shows  tikat  we 
may  also  do  tbe  same  even  when  the  earth  reaches  to  a  great  height  above  tbe  top ;  prorided  that 
the  wings,  instead  of  being  splayed  or  flared  out,  as  at  o  n,  o  n,  merely  form  straight  prolongationa 
of  tbe  abutments  of  tbe  aroh,  as  nhown  by  tbe  dotted  lines  at  o  y  w.  In  thia  case  the  pressure  of  tbe 
earth  against  the  wings  ia  less  than  when  they  are  splayed.  We  have  known  the  thickness  at  o 
to  be  redneed  in  socfa  oases  to  leas  than  one-third  the  height,  when  the  wings  were  15  ft  high,  and 
tbe  height  of  the  embankment  ahov  their  top*  16  fset  in  one  case,  and  86  ft  in  another.  In  another 
instanoe,  similar  wings  n^  ft  high,  and  with  29  ft  of  embankment  above  their  top,  bad  their  bases 
at  0  rather  less  than  \  of  tho  height.  In  all  these  cases,  the  uniform  thickness  at  top  was  2.5  feet; 
backs  Tertical.  We  mention  them  because  this  partienlar  anbfeet  does  not  oeem  to  be  reducible  to 
any  practical  rule.  The  last  wall  appears  to  us  to  be  too  thin ;  especially  if  tbe  earth  is  not  depo«ited 
in  laymrs :  and  after  allowing  the  mutar  Pall  time  to  set.  The  labor,  howeyer,  required  in  compact- 
ing tbe  earth  oarefblly  in  lavers,  may  cost  more  than  is  thereby  saved  in  tbe  masonry.  The  young 
practitioner  must  bear  this  in  mind  when  he  wishes  to  economise  masonry  by  such  meana :  and  also 
that  tbe  thin  wall  m«y  bulge,  or  ttU  entlfely,  if  the  earth  backing  is  deposited  while  the  mortar  is 
Imperfiaotly  set. 
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Table  5.  An^roxiiiiAte  contents  in  enbie  yards,  of  com* 
plete  semicircular  cnlTcrto  and  brtdgres  of  flrom  2  to  SO  feet 
span  9  including  the  2  spandrel  walls ;  and  the  4  wings ;  all  proportioned  by  the 
foregoing  Erections ;  and  taken  from  the  two  preceding  tables.  The  height  in  the 
saoond  colamn,  is  from  the  top  of  the  keystonn  to  the  bottom  of  the  foundation.  The 
wings  are  calculated  as  being  2  ft  higher  than  this,  including  the  thickness  of  the 
copiug.  The  wings  are  frequently  carried  only  to  the  height  of  the  top  of  the  areh; 
thus  saving  a  good  deal  of  masonry.  Table  4»  of  wings  alone,  will  serve  to  mak^  th« 
proper  deduction  in  this  case. 

The  several  lengths  are  from  end  to  end,  or  from  face  to  face,  of  the  arch  proper. 
The  contents  for  intermediate  lengths  may  be  found  exactly;  and  those  for  inter 
mediate  heights,  quite  approximately,  by  simple  proportion.  In  this  table,  as  in 
No.  3,  it  will  be  observed  that  when  the  heights  are  Uie  same  in  both  caseSy  a  larger 
ppan  frequently  contains  less  masonry  than  a  smaller  one.  A  semicircular  culvert 
or  bridge  contains  less  masonry  than  a  flatter  one,  when  the  total  height  is  the  same 
in  both  cases ;  therefore,  the  first  is  the  most  economical  as  regards  cost ;  but  it  doet 
not  afford  as  much  area  of  watw-way ;  or  width  of  headway. 
(Original.) 
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i4 

vt 

a 

!^ 

ifi 

g 

Js 

JS 

|5 

|8 

J8 

|| 

J3 

j2 

j§ 

^i 

JS 

Ft 

Ft 

Cub.Y. 

DttbY. 

Oub.T. 

Oub.T. 

Cttb.T. 

Cub.Y. 

Ctob.T. 

Oob.T. 

Cub.T. 

Oub.T. 

Cub.T. 

OttKT. 

5 

27 

32 

42 

52 

72 

92 

112 

132 

163 

173 

183 

318 

« 

87 

43 

56 

69 

94 

120 

146 

171 

197 

333 

348 

374 

2 

7 

48 

57 

73 

89 

122 

154 

187 

319 

351 

384 

816 

848 

R 

63 

73 

93 

118 

158 

193 

388 

373 

818 

353 

888 

48S 

10 

T 

101 

116 

145 

175 

234 
76 

291 

851 

410 

469 

637 

686 

646 

28 

34 

44 

54 

96 

117 

188 

1.58 

179 

300 

331 

6 

88 

44 

67 

70 

96 

121 

146 

173 

196 

333 

348 

376 

3 

7 

49 

67 

78 

89 

121 

153 

184 

316 

347 

880 

813 

84S 

8 

63 

73 

98 

112 

152 

191 

280 

360 

806 

848 

887 

436 

10 

101 

115 

143 

172 

229 

286 

848 

400 

457 

614 

571 

628 

12 

148 

169 

208 

248 

328 

407 

487 

667 

646 

726 

806 

886 

5 

SO 

85 

46 

57 

78 

100 

122 

143 

165 

186 

306 

228 

« 

38 

45 

58 

70 

96 

122 

U7 

178 

198 

334 

360 

276 

7 

49 

57 

78 

88 

119 

150 

Ifil 

813 

348 

374 

806 

886 

4 

8 

63 

73 

92 

111 

149 

188 

326 

364 

802 

840 

878 

417 

10 

100 

114 

141 

169 

224 

279 

835 

890 

445 

600 

655 

611 

12 

147 

166 

204 

243 

319 

386 

478 

648 

626 

701 

7n 

864 

14 

209 

234 

285 

336 

437 

660 

641 

741 

844 

046 

1047 

1148 

6 

41 

47 

61 

75 

102 

130 

157 

184 

212 

289 

367 

284 

7 

52 

60 

76 

93 

125 

158 

191 

224 

257 

289 

823 

356 

6 

8 

65 

75 

94 

114 

153 

193 

331 

270 

808 

848 

887 

42S 

10 

100 

114 

141 

168 

223 

277 

331 

386 

440 

495 

649 

60S 

13 

146 

165 

202 

239 

814 

388 

463 

637 

611 

686 

760 

836 

14 

207 

231 

2B0 

829 

427 

626 

628 

721 

819 

917 

1016 

Hit 

7 

53 

62 

79 

96 

131 

165 

30O 

234 

368 

306 

887 

878 

8 

66 

76 

96 

116 

156 

196 

236 

276 

816 

356 

896 

4S« 

6 

10 

100 

118 

140 

167 

220 

274 

827 

3H0 

434 

487 

541 

68i 

12 

146 

164 

200 

236 

808 

881 

453 

528 

698 

670 

748 

815 

14 

206 

219 

277 

825 

420 

516 

611 

706 

803 

897 

993 

1088 

1« 

281 

311 

873 

434 

556 

679 

801 

923 

1046 

1168 

1291 

1418 

7 

57 

67 

85 

104 

141 

178 

315 

252 

289 

326 

863 

400 

8 

70 

81 

102 

124 

166 

209 

251 

294 

m 

379 

422 

464 

10 

104 

118 

145 

173 

228 

284 

839 

395 

460 

605 

661 

616 

8 

12 

147 

»35 

200 

236 

808 

879 

450 

522 

693 

664 

786 

807 

14 

206 

J30 

276 

323 

416 

510 

603 

696 

790 

883 

977 

1070 

16 

281 

310 

870 

430 

649 

669 

788 

908 

1027 

1146 

1266 

1886 

18 
8 

867 

405 

480 

654 

704 

864 

1003 

1153 

1302 

1462 

1602 

1761 

74 

85 

108 

181 

176 

931 

266 

811 

857 

403 

447 

488 

10 

107 

121 

150 

179 

236 

294 

861 

408 

466 

628 

681 

m 

10 

12 

148 

166 

201 

286 

306 

877 

447 

618 

688 

668 

738 

798 

14 

207 

229 

276 

821 

412 

604 

606 

686 

778 

868 

861 

1068 

16 

280 

800 
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Art.  9.  Iflpecial  pains  ehoold  be  taken  to  s«c«re  MR  vnyleldlnff  fbfiiH 
^tetfon  t^r  eniwertm  and  draiim  vnder  Mffk  emblLts  i  otberwiao 
the  9QperiDcaiiibent  weight,  especiaHy  under  the  middle  of  the  embkl,  may  eqiieei* 
them  into  the  tail  below,  if  8oft  or  manhy;  fmd  thni  diminish  the  area  of  water- 
way, or  at  toast  ca«se  an  ugly  settlement  at  the  midlength  of  the  culrert.  Also,  in 
••ft  ground,  the  embkt  may  preea  the  side  walls  cloeer  tognther,  narrowing  the 
ehannel.  This  may  be  prerented  hj  an  inverted  arch,  or  a  bed  of  masonry,  between 
the  walls.  A  stratum  from  S  to  6  ft  thick,  of  gravel,  sand,  or  stohe  broken  to  turn- 
pike sise,  will  generally  give  a  suAcient  foundation  for  culverts  in  treacherous 
marshy  ground ;  or  quicksand,  ^^h  but  a  moderate  height  of  embkt.  It  should  ex- 
tend a  few  feet  beyond  the  masonry  in  every  direction,  and  should  be  rammed ;  the 
aand  or  gravel  being  tborouf^ly  wet,  if  poestble,  to  assist  the  cooeolidatioB.  Piling 
will  sometimes  be  necessary.  If  the  masonry  is  built  upon  timber  platforms,  or  a 
imooth  surface  of  rock,  care  must  be  taken  to  prevent  It  from  sHding,  from  the  prea 
«f  the  earth  behind  it.  This  same  pres  may  even  overthrow  the  piles,  if  they  are 
not  properly  secured  against  it. 

ArtlO.DrAlRS. 
Ihmlns  of  the  dimen- 
■kma  in  Fig  11,  con- 
tain 1  perch,  of  26 
cub  ft ;  or  .02^  of  a 
cub  yd,  per  ft  run. 

Tber  are  freqnaQtlv 
koUt  of  dry  fl<MM>l«d 
vabble.  and  paved  with 
•pawls.  WlMD  Iter*  Is 
aoeh  wash  tkrougb 
tbeoi.  witli  a  oonslder. 
aM*  slop*.  It  Is  better  lo 
eootlnae  tbe  foendatkia 
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0IONS  BBIDOEB. 


Mlid  elMT  MroM.  Tbif  is  oftea  4oii«  vlUuHit  (hot*  «*■■••,  lliMdi«li  ia  tlMadditfonal  BMonfr  la  « 
mere  trifle :  and  the  exoaration  of  •  aiDgle  broad  foandatioo-pit  ie  lees  trooblesome  than  that  or  two 
narrow  ones.  A  deep  flag-stone/  at  the  eotranoe,  and  others  at  short  diets  of  the  length,  maj  be  in- 
troduced in  both  drains  and  oolTerts,  to  protect  from  undermining. 

These  drains  extend  under  the  entire  width  of  the  embkt,  trom  toe  to  toe ;  and  may  terminate  in 
steps,  as  in  the  side  Tiew  at  S.  They  are  of  oourse  better  when  built  with  mortar,  with  aa  admlzuure 
of  oement  to  prevent  the  water  when  full  from  leaking  into  and  softening  the  embankment. 

Sometimes  two  or  three  such  drains  may  be  placed  parallel  to  each  other,  iostead  of  a  eulrert. 
When  two  are  so  placed,  they  contain  only  IH  times  the  masonry  of  one ;  still  their  nso  will  gofMrallj 
involTc  no  saving  of  masonry  over  a  eolTcrt.    ▲  man  can  crawl  through  Fig  11  to  olean  it. 

Art.  11.  Tlie  drainage  of  tbe  roadways  of  stone  bridges  of  sereral 
archen,  is  generally  effected  by  means  of  open  gutters,  which  descend  slightly  fi*om 
the  crowns  of  the  arches,  each  way,  ontil  they  reach  to  near  the  ends  of  the  re> 
spective  spans. 

There  they  dieefaarM  Into  Tertleal  Iron  pipes  built  Into  the  masonry,  The  upper  ends  of  tte 
pipes  should  be  oorered  by  gratings.     When  inoouTenience  would  result  from  the  water  falling  upon 

Krsons  passing  under  the  arches,  these  pipee  may  be  curried  down  the  entire  height  of  the  piers| 
t  when  suoh  is  not  the  case,  they  may  extend  only  to  the  soffit,  or  under  fsee  of  the  arch;  aUowing 
the  water  to  fall  freely  tturough  the  air  firom  that  height. 

Table  6,  of  approximate   eon  ten  tn.  In  etib  yds,  of  a  solid 

Bier  of  masonry,  d  ft  by  22  ft  on  top;  and  battering  1  inch  to  a  ft  on  each  of 
1 4  fhoes.    The  coatenu  of  masonry  of  suoh  forms  must  be  calculated  by  the  prismddal  forma'-  * 
and  not  by  taking  the  length  and  breadth  of  the  pier  at  half  iu  height  as  an  average  length  i 


t  be  calculated  by  the  prismddal  fermulaj 
tngth  and  breadth  of  the  pier  at  half  iu  height  as  an  average  length  and 
breadth,  as  is  sometimes  done.  This  incorrect  method  would  give  only  6tf2  eub  yds  as  the  content 
of  the  Bier  aOO  ft  high;  Instead  7178  yds,  its  true  oontent.  High  piers  may  for  eoonomy  be  boUt  hoK 
low,  with  or  without  interior  eross- walls  for  strengthening  them,  as  the  case  may  reqolre;  and  the 
batter  la  generally  redooed  to  U  inch  or  lees  to  a  foot.    Hollow  piers  reqnlrs  good  wen-bedded  ma> 
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BSIOK  ABOHBS. 

Art.  IS.  Brick  Arches.  Shice  even  good  briok  fit  for  l«rge  arefaet  has 
fto*  lew  onishiDg  strangth  than  good  graniU  or  limestone,  and  te  inferior  «vea  to 
good  sandatone,  while  its  weight  does  not  differ  rery  materiaHf  from  ■tone,  ii  it 
plain  that  it  cannot  be  used  in'  arches  of  oa  great  span  as  stone  can.  Some  of 
those  already  built,  and  whiefa  have  stood  for  manr  rears,  have  a  theoretical  co* 
efficient  of  safety  of  but  about  3 ;  whereas  the  authorities  direct  us  not  to  trust  even 
■tone  with  more  than  one-twentieth  of  its  crushing  load.  This  last,  however,  ap- 
pears to  the  writer  to  be  one  of  those  hasty  assumptions  which,  when  once  aa- 
mitted  into  professional  books,  are  difficult  to  be  got  rid  of.  It  is  his  opinion  that 
with  good  cementj  and  proper  care  in  striking  the  centers,  one-tenth  of  the  ulti- 
mate strength  is  sufficiently  secure  against  even  the  abnormal  strains  caused  br 
the  settling  td  crown,  and  Hiring  at  the  haunches  when  the  centers  are  stmek.  It 
is  useleas  to  attempt  to  fix  linrin  of  safety  for  bad  materials  poorlypnt  together. 

Bern.  1.  The  common  practice  of  building  brick  arches  in  a  senee  of  eo»« 
•eAtrle  rfngm^  as  at  a  e  0  «,  Fig  12,  with  no  other  bond  between  them  than 

that  affbrded  by  the  mortar,  is  censured  by 
autlHHtties,  en  the  gtound  that  the  line  of 

Sessure  in  passing  Arom  the  extndos  to 
e  intrados  tends  U>  separate  the  rings, 
and  thus*  weaken  the  arch  by,  as  it  Were, 
splitting  it  longitifediBally.  The  reason 
Ibr  using  tbeee  rii^gs,  instead  of  making 
the  radial  joints  continuous  throughout 
the  depth  m  n  of  the  arch,  as  fit  &,  is  to 
avoid  tke  thick  mortar-loints  at  the  back  of 
the  arch,  and  shown  in  the  Fig.  If  the 
center  of  an  arch  built  as  at  &  be  struck 
too  soon,  the  soft  mortar  in  these  thick 
'  kdnts  will  be  so  much  compressed  as  to  cause  great  settlement  at  the  crown, 
uurowing  the  arch  out  of  snape,  and  creating  such  inequality  of  pressure  as 
might  even  lead  to  its  fall,  eq)ecially  if  flat.  As  a  compromise  between  rings 
SDd  oentinuout  Joints.  Uxer  ace  aovMtimw  employed  togethmr,  so  as  to  get  rid  of 
some  of  the  long  radial  joints ;  and  at  the  same  time  to  break  at  lAterwalA 
the  continuity  of  the  rings.  Thus  in  Fig  12.  which  is  supposed  to  be-brick-and* 
>half  deep,  beginning  at  the  abutment  o^  we  may  lay  half-brick  rings  as  far  as 
say  to  e  e  e;  then  enftliiir  away  tha  wick  0  to  the  line  4  e,  we  may  lay  from 
•  e  to  m  n  a  block  of  bricks  with  oontiauoBS  radial  joints,  the  same  as  at  0 ;  and 
then  start  again  with  three  rings;  and  ao  on  alternately.  A  still  better,  but 
nore  expensive,  mode  would  be  to  fill  a  e,  m  n  with  a  reenlar  cut-stone  voussoir. 
The  |m>per  intervals  for  changing  from  rings  to  blocxs  will  depend  upon  the 
number  of  the  rings  and  the  depth  e  a  of  the  arch ;  refexence  being  also  had  to 
reducing  the  amount  of  brick  cutting  as  much  as  poesible. 

These  points  can  be  best  decided  on  from  a  drawing  of  a  portion  of  the  arch 
on  a  scale  of  8  or  4  ins  to  a  foot  Generally  the  rings  are  made  only  half-brick,  or 
about  4  to  45  ins  thick,  as  at  a  0 ;  and  in  Brunei's  Maidenhead  viaduct  of  two  ellip- 
tic brick  arches  of  128  ft  span,  and  24.25  ft  rise ;  the  boldest  brick  arches  yet  at- 
tempted; but  which  have  been  estimated  to  have  a  co-efficient  of  safety  of  but 
three  against  crushing  at  the  crown. 

80  many  others  of  from  70  to  100  ft  span  have  been  successfuUy  built  entirelv  in 
rings  of  either  half  or  whole  brick  thick,  as  to  lustify  us  in  attaching  but  little  wdght 
to  tne  above  theoretical  objection,  provided  first  class  cement  be  used,  and  tune 
allowed  it  to  become  nearly  or  quite  as  hard  as  the  bricks  themselves,  before 
atriking  the  centers.  Under  such  circumstances  we  should  npt  object  to  a  series 
of  rinfln  even  1.5  bricks  thick,  laid  alternately  header  and  streteher,  as  at  5. 

If  tne  bricks  were  woaaeolr-aliaped,  that  is,  a  little  thicker  at  one 
end  than  the  other,  then  rings  a  whole-brick  thick  could  be  used  without  any  in- 
crease in  thickness  of  mortar-joint  at  the  back  of  each  ring.  Still  with  more 
than  one  ring,  the  radial  joints  would  not  be  continuous,  as  at  5,  but  broken  as  at 
ae.  Such  bricks  however  would  be  more  expensive  to  make ;  and  moreover,  in 
order  fully  to  answer  the  intended  purpose,  they  would  have  to  be  made  of  many 
patterns,  so  as  to  conform  to  the  many  radii  used  in  arches;  and  even  to  the 
radii  of  the  different  rings,  when  the  depth  of  the  arch  required  several  of  theuL 
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.2,  Wet  the  bricks  belbn  lay  inc. 

M«ai.  S.  When  the  ends  or  fooM  of  m  brick  arch  are  to  b«  finished  with  €nil^ 
st*iie  ToasMrtra*  these  had  bettw  not  be  inserted  until  some  time  after  th* 
completion  of  the  brickworic,  the  hnrdeninc  of  the  mortar,  and  a  partial  eesinf 
of  the  centers ;  lest  they  be  cracked  or  spawled  by  the  vneqnal  settlements  of  theB> 
■dres  and  the  Inidu. 


Hem.    Brick  arches,  flrom  th^r  great  number  of  Joiuts  are  apt  to  settle 

much  more  thui  cut  stone  oues  when  the  ceatens  are  removed,  and  thereby  to 
dorange  the  shape  of  the  arch,  and  at  times,  without  due  care,  even  to  eAd«»ger 
its  safety,  esjpecially  if  it  be  large  and  flat  When  the  span  exceeds  about  80  to  ^ 
ft,  and  partieulariy  if  flat,  use  onlr  brick  of  superior  quality  in  good  cement 
mortar.  With  even  best  materials  and  work  we  advise  the  young  engineer  not 
to  attempt  brick  arches  for  railroad  bridges  of  greater  spans  than  about  the  fol- 
lowing. Considerably  larger  ones  than  some  of  them  have  been  built,  and  have 
■tood ;  but  their  eoefii  of  safety  are  not  in  all  cases  aatliftotory.  In  thh  teUe  the 
liae  Is  in  parts  of  the  span. 


93 

S.  1 

88 
82 
75 

^5 

Is. 

68 
60 
55 

50 
45 
40 

'It. 

35 
80 

On  the  Filbert  Street  Extenwioti  ef  the  PeniMi  B  R,  ill  Piiil»» 

aro  four  brick  arches  of  60  ft  1  inch  span,  and  with  the  Vety  tow  rise  of  7  ft.  They 
are  2  ft  6  ins  thick,  except  on  their  showing  faces,  where  tbey  are  bat  ^  ft.  The 
joints  are  in  common  mortar,  and  about  %  inch  thick.  These  four  arches,  about 
200  yards  apart,  with  a  large  number  of  others  of  26  ft  span,  fbrm  a  viMduct.  The 
piers  between  the  short  spans  are  4  ft  3  ins  thick.  Those  at  Che  ends  of  the  S04% 
spans,  18  ft  6  ins.  The  springing  lines  of  all  the  arches  are  about  0  to  8  ft  i^ove  the 
•ground.  One  of  the  6Q-tt  arches  settled  S  ins  upon  prsmatunly  striking  the 
centers;  bat  no  fhrther  settlement  has  been  observed, although  the  viaduct  hae. 
rinoe  bnilt  (1880)  had  a  verv  heavy  fk«lght  and  passenger  traffic,  at  from  t6  to  21 
miles  per  hour.    Boadbed,  about  100  ft  wide,  giving  room  for  9  or  10  tracks. 
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ArU  !•  A  eenter  Is  a  tempomry  woodmi  •tnictare  (built  lytog  flat,  on  a  fWI 
wiao  drawing,  on  a  fixed  pla^nn,  under  earn  or  not)  for  iupporting  an  arch 
wliile  it  ifl  being  Imilt.  It  eontiste  of  «  munber  of  tnwei  or  ftwoieSt  Aft  Pie*  ^ 
placed  from  1  to  6  ft  apart  from  cen  to  oen,  and  eorered  with  a  fiooring  I,  ^  of 
TOQgfa  boards  or  planis,  usaallj  laid  doae.  and  called  the  slieeiliiar  or  lair* 

gBflr,  immediatelj  upon  which  the  archstones  are  laid.    In  Fig  8,  the  lag- 
g  tt  not  laid  doee.    There  Is  no  great  economj  in  placing  liie  frames  Tery 
apart,  on  account  of  the  greater  required  amount  of  lagging,  the  thickness 
of  which  Increases  rapfdlj.    fbr  the  thickness  of  lagging  see  Bern  9. 


Figsl. 


The  oenten  rest  by  Ibe  ends  of 
tbelr  chords,  e,  upon  wooden 
strflKlnir  wedires  w.  Fig  l, 

supported  by  ■tondaros  com- 
posed of  posts  p,  whose  tops  are 
connected  by  eap-pieee«  o; 
and  whose  feet  rest  on  strlny* 
ers  t;  the  whole  being  braced 
diagonally  as  shown. 

If  the  ffround  is  Tery  firm,  and 
the  arch  ught,  the  standards  may 
rest  on  It,  with  the  interposition 
of  s4|iutiiiv»1il«cu,  n,  be- 
low ^e  stringer,  to  accommodate 
irr^nlarlties  of  the  surface  of  the  ground,  as  la  the  Fig.  These  blocks  should 
be  somewhat  double- wedge-shaped,  so  that  bv  drirlng  tiMm  tne  standard  may 
be  raised  at  any  point  in  case  it  diould  settle  a  little  into  the  ground.  But  for 
neary  arches  the  standards  most  rest  on  a  much  flrmer  foundation,  such  as  short 
blocks  of  brickwork  sunk  a  few  feet  into  the  grooafl.  or  some  other  derioe 
adapted  to  the  case.  Frequently  projecting  olftets  or  footings,  or  at  times  re- 
cesses, are  provided  in  the  masonry  of  the  abutments  and  pieurs  for  this  express 
purpose ;  and  with  a  view  to  this  it  Is  well  to  design  the  center  at  the  same  time 
as  tne  arch. 

Up  to  spans  of  50  or  60 
ft  a  single  row  of  posts  (one  under  each  end  of 
each  frune)  Will  suffice ;  but  for  much  larger  ones 
two  or  three  rows,  2  or  more  feet  apart  may  be- 
come expedient,  as  in  tiie  lower  Fig  1 

The  •trlklnv  or  lowerlsiK-wedire* 

"  '  •  r  low 


osnter  after  tbt*  completiou  of  the  arch.  They 
consist  of  pairs  oS  wedge^haped  blocks,  to  «o,  at  JL 
Figs  2,  of  hard  wood,  from  1  to  2  ft  long,  about  half 


as  wids,  and  a  quarter  or  more  as  thick,  (sufBcieat 
to  lower  the  ceuter  from  say  2  to  6  or  more  incbas, 
according  to  spau  and  other  circumstances,)  rest- 
ing on  the  cap  o,  of  the  standard,  while  the  chord 
c  cc  the  frame  rests  on  than.  When  the  end  of  a 
frame  is  supported  by  two  or  more  posts  p,  as  at  B^ 
Tig  2;  instead  of  upon  one,  the  striking-wedges  are 
sometimes  made  as  there  shown ;  and  where  B  v 
is  one  long  wedge  at  right  angles  to  the  abutment, 
and  acting  as  lour  wedges  which  may  all  be  low- 
ered together  by  blows  against  the  end  B. 
UptovaaaoT  00or80ft.aU  the  fhunes  m^m 
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Mch  80  long  as  to  reach  transTersely  across  tb^  eotire  arch.  Then  all  the 
frames  can  be  lowered  at  one  operation,  as  described  near  end  of  Art  9. 

If  we  had  to  consider  only  the  friction  of  dry  wood  against  dry  wood,  the  taper 
of  these  wedges  might  be  as  steep  as  1  vert  to  3  hor,  without  any  danger  of  their 
Riding  upon  each  other  of  their  own  accord;  and  they  would  then  req|uire  very 
moderate  blows  to  start  them,  or  even  to  entirely  separate  them,  when  the  center 
had  finally  to  be  lowered.  But  it  is  of  the  utmost  importance,  especially  in  large 
arches,,  that  :he  centers  should  be  lowered  very  slowly,  otherwise 
the  momentum,  acquired  by  so  heavy  a  body  as  the  arch  in  descending  suddenly 
even  but  2  or  3  ina^  might  possibly  affect  its  shape,  or  even  ita  safety. 

Therefore  the  wedgea  should  not  have  a  taper  steeper  than  about  1  in  6  or  8  for 
arches  of  less  than  about  50  ft  span ;  or  than  1  in  8  or  10  for  larger  spans.  Vertical 
lines  at  equal  dibits  apart  should  be  drawn  on  the  long  sides  of  the  wedges  as  a 
guide  for  lowering  them  all  to  the  same  extent  at  a  time ;  and  this  should  not  ex- 
ceed in  all  about  half  an  inch  a  day  in  intervals  of  about  an  eighth  of  an  inch,  for 
60  ft  spans ;  or  about  .1  to  .25  of  an  inch  per  day  in  all,  for  spans  over  100  ft. 
Slowness  is  especially  to  be  recommended  in  briek  areiies,  not  only  because 
their  greater  number  of  joints  exposes  them  to  greater  derangement  of  shape, 
but  because  even  good  brick  has  much  less  than  the  average  crushing  strength 
of  good  granite,  limestone,  or  sandstone,  and  therefore  is  far  more  liable  than 
they  to  crack,  or  even  to  crush  (as  the  Writer  has  seen)  when  the  strains  are 
thrown  almost  entirely  upon  their  e^ges,  as  described  in  Art  3. 

At  OlOQcester  Bridce,  England,  of  first  class  cut  stone,  span  150  ft,  rise 
85  ft,  the  centers  were  entirely  struck  within  the  very  short  space  of  3  hours :  and 
the  crown  of  the  arch  descended  10  ins  I  At  Orosvenor  Bridge,  England, 
of  first  class: cut  stone,  span  200  ft.  rise  42  ft,  such  care  was  taken, in  easing  the 
centers  that  the  crown  of  the  arcn  settled  but  2.5  ins.  This  case  however  was 
marked  hj  two  or  three  peculiarities,  all  of  which  contributed  to  this  favorable 
result.  Namely,  thtj-center  instead  of  being  a  series  of  frames  supported  as  usual 
by  their  ends,  and  of  course  involving  an  appreciable,  although  small,  degree  of 
;•  sagging  or  settlement,  consisted 

essentially  of  vertical  and  in- 
clined posts  or  struts,  see  Fig  3, 
footing  on  four  temporary  piers 
of  masonry,  7  or  8  feet  thick,  built 
in  the  river,  parallel  to  the  abut- 
ments, and  as  long  as  they.  These 
piers  supported  six  frames  (or 
rather  six  series)  about  7  ft  apart 
cen  to  cen,  of  such  struts,  footing 
on  cast  iron  shoes.  Fig  3  shows 
half  of  one  series.  Each  frame 
or  series  consisted  of  four  fan-like 
sets  of  posts,  all  in  the  same  ver- 
tical plane.  The  long  horizontal  pieces  seen  extending  from  side  to  side  of  the 
arch  were  bolted  to  the  struts  to  increase  their  stiffness  :  and  other  pieces  for  the 
same  purpose  united  the  six  series  transversely.  Jiure  each  strui  iUiL^i:ii  iu>  uwn 
share  of  th^  weight  of  the  archstones,  and  transfers  it  directly  to  the  unyielding 
foundation  of  the  pier :  whereas  In  the  usual  trussed  centers,  the  e^itire  load  rests 
upon  the  frames,  and  is  finally  transferred  to  the  comparatively  unstable  support 
of  the  posts  at  their  ends. 

The  tops  j>  of  the  posts  of  a  series  varied  about  from  5  to  8  ft  apart  cen  to  cen ; 
and  were  connected  by  a  continuous,  curved  rib,  fr,  of  two  thicknesses  of  4  inch 
plank,  bent  to  conform  approximate^  to  the  curve  of  the  arch.  On  this  rib  were 
placed  pairs  of  striking-wedges  w  like  Fig  2,  about  16  ins  long,  10  to  12  ins  wide,  and 
tapering  1.5  Ins,  so  neartogether  (varying  about  from  2.5  to  3-5  ft  cen  to  cen)  that 
there  was  fl  pair  under  each  iointof  the  archstones,  a  a.  On  these  wedges,  and  ex« 
tending  over  all  six  of  the  frames,  were  the  lagging  pieces  ^,  4.5  ins  thick. 

Tbis  peculiar  arrangpement  of  tbe  strikingp-wedipes  and  lag^ 
ging  has,  in  IaiC|cr8nans,  great  advantages  over  the  usual  oneof  placing  them  only 
at  the  ends-of  the  frames.  In  the  last  the  entire  center  and  the  entire  arch  are 
lowered  together,  without  giving  an  opportunitv  to  rectify  any  slight  derange- 
ments of  shape  or  inequality  of  baring  that  may  nave  occurred  in  the  arch  during 
its  construction,  This  center,  designed  by  Mr.  Trubshaw,  admits  of  lowering 
either  the  whole  equally,  or  any  one  part  a  little  more  or  less  than  the  others. 
He  had  much  experience  in  large  arches,  and  stated  that  during  the  striking  he 
fbund  that  he  had  an  arch  under  better  control,  or  could  humof  it  better,  by  keep- 
ing the  haunches  a  little  dow*^  and  the  crown  a  little  m^M^til  near  the  end  of 
the  operation. 
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m«ai.  !•  Wmm%%mA  of  pieiw  •#  wmmm»mrw  for  •upportlDg  the  fdci  of  tiM 
potts,  wooden  oHte  or  piles  maj  often  be  used  if  the  arch  h  over  water. 

TMe  prtiselple  of  snisporlAiiflr  ewen  trdaaed  flrameB  by  ttmts 
at  points  of  the  cnord  as  far  from  the  abatraents  as  circumstances  will  admit  of 
(in  addition  to  those  at  the  Tory  ends)  should  always  be  applied  when  possible* 
in  order  to  reduce  their  sagging  to  a  minimum.  Steps  or  ofltoeta  in  tlie 
masonry  of  the  abutments  and  piers  may  be  provided  for  receiving  the  feet 
of  snch  struts,  when  they  are  inclined. 

Rem.  2.  Screws  m«j  be  used  instead  of  wedges  for  lowering  centers.  At 
the  Pont  d' Alma,  Paris,  ellipse  of  141.4  ft  span,  and  28.2  ft  rise,  the  frames  were  sup- 

S»rted  by  wooden  pistons  oi*  plungers,  the  feet  of  which  rested  on  sand  con- 
ned in  plate-iron  cylinders  1  ft  in  diam  and  height,  and  having  near 
the  bottom  of  each  a  plug  which  could  be  withdrawn  and  replaced  at  pleasure, 
thus  regulating  the  outflow  of  the  sand  and  the  descent  of  the  center.  This  de- 
vice succeedecT  perfectly,  and  is  well  worthy  of  adoption  under  arches  exceeding 
about  ^  ft  span.  When  much  lanter  than  this  the  driving  of  the  wedges  on 
striking  reauires  heavy  blows,  and  oeoomes  a  somewhat  a^kwara  operation,  re- 
quiring at  times  a  batterins-ram,  even  when  the  wedges  are  lubricated.  In  rail- 
road cuttings  crossed  by  Bridges,  tlie  earth  under  tlie  arcli  has  been 
made  to  serve  as  a  center,  by  dressing  its  snrfhce  to  the  proper  curve,  and  then 
smbedding  in  it  curved  timbers  a  few  leet  apart,  and  extending  from  abut  to  abut, 
lor  supporting  the  close  plank  lagging. 

Re^«  8.  All  centers  mnst  yield  or  settle  more  or  leas  under  the  wt 
of  thQarch,  especially  when  supported  only  near  their  ends;  and  since  the  arch 
itself  Uso  settles  somewhat  not  only  when  the  centers  are  strnck,  but  for  some 
time  after,  it  is  advisable  to  make  them  at  first  a  little  higher  than  the  finished 
arch  is  iniended  to  be.  Thi3  extra  height,  when  the  supports  are  at  the  ends, 
m^y  be  from  2  to  4  ins  per  100  ft  of  span  for  cut  stone  arches  (according  to  time 

2f  striking,  character  of  masonry,  workmanship,  etc.),  and  about  twioe  as  much  in 
rick  ones. 

Bens.  4.  Tlse  proper  tlnso  §iMr  strikinc  centers  is  a  disputed 
point  among  engineers,  some  contending  that  it  should  be  done  as  soon  as  the 
arch  is  finished  and  suf&^iently  backed  up;  and  ethtrs  that  the  mertAr  should 
first  be  given  time  to  harden.  It  is  the  writer's  opinion  that  inasmuch  as  in 
cut4tone  arches  the  morUr  Joints  should  be  verv  thin ;  ami  sinoti.  m  snoh,  the 
mortar  is  at  best  of  very  Uttle  service;  it  is  of  no  importaaoe  when  they  are  struck; 
provided  the  masonry  backing,  and  th<t  erobkt  up  to  y  n  Pig  2,  p  61S,  have  been  com- 
pleted ;  but  that  in  brick  or  rubble,  the  nuiueruon  Joiuts  of  both  of  wbicU  re^^nire 
muck  mortnr,  (which  for  hai-dness  slioiiid  couswt  laiigely  of  cement,)  3  or  4  mouths, 
or  longer,  if  possible,  should  be  allowed  it  to  harden  sufficiently  to  prevent  undue 
compression  and  consequent  settlement  when  the  oenteia  are  stcnok.  The  ooa- 
tinuance  of  the  centers  need  not  interfere  with  traffic  over  the  bridge. 

Art.  S.  The  pressure  of  archstones  against  a  center  is  very  trifling  nntil  after 
the  arch  is  built  up  so  fkr  on  each  side  tnat  the  joints  fbvm  angles  of  IXP  or  80^ 
with  the  horizontal.  Theoretical  discussions  on  this  pressure  make  no  allowance 
for  accidental  iarrings  in  laying  the  archstones,  or  by  the  aooumulation  of  material 
ready  for  use,  laborers  working  on  it,  &c  Without  going  into  any  detail,  we  merely 
advide  on  the  score  of  safety  not  to  assume  It  at  leas  than  about  the  following  pro- 
portions or  ratios  to  the  weight  of  .the  eiltire  arch,  namely,  is  a  semicircular  arch 
.47 ;  rise  .86  spaa,  .61:  rise  .is  span,  .79;  rise  .2  span,  .86;  rise  .167  span,  or  less,  1, 
or  equal  to  the  wt  of  the  arch.  This  gives  the  pressure  of  a  semicircular  arch 
^pon  iU  centers  rather  leas  than  half  its  wt.  Tlie  wt  of  tlie  centers 
tkemselwes  when  supported  only  near  the  aadi  must^ie  eonsldered  as  part 
of  the  load  b^e  by  them. 

Art.  8.  We  have  seen  that  as  an  arch  a<i  a  Is  being  gradually  built  upward  on 
both  sides,  after  passing  the  points  e,  e.  Fig  4,  where  its  joints  form  angles  a  «  e,  of 
about  30°  with  the  horizontal  a  #,  the  arch  begins  to  press  more  and  more 
npon  the  centers ;  thereby  tending  to  flatten  them  at  the  haunches,  as  shown  at  h 
in  the  dotted  line;  and  oonseouently  to  raise  them  at  the  crown,  as  shown  at  c. 
But  as  the  building  goes  on  still  higher,  the  added  stones  press  much  more  heavily 
upon  the  centers  iban  those  below  ha4  dene,  and  thereby  tend  to  a  final  derange- 
ment of  the  centers  just  the  reverse  of  that  caused  by  the  lower  ones ;  namely  to 
depress  them  at  the  crown  a,  as  at  o;  and  consequently  to  raise  the  haunches  as 
at  n;  and  this  the  more  because  tlte  upper  stones  actually  tend  to  lift  or  ease  the 
lower  ones  fh>m  the  lagging.  In  some  cases  where  this  tendency  has  been  in- 
creased by  ferclnsr  the  keystones  into  place  by  too  hard  driving,  the  lagging 
uadtr  the  hassehai  sonld  be  dxawa  oat  without  any  trouble  before  the  centers 
I  at  idL    On  striking  the  centers  this  tendency  to  sink  at  crown  and 
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riie  at  haancbee  ia  vetj  vofi  to  exhibit  itstlf  more  «r  teas  dangeioadf  iA  the  i 
stones  themselTes,  as  in  rig  6,  causing  those  near  the  crown  to  pre«  Tety  has4 
together  at  the  extrados,  and  to  separate  from  each  oUier  at  the  imtnidos ;  whfle 
near  the  haunches  the  reyerse  takes  place.  Hence  the  angles  ef  the  stones  ava 
frequently  split  and  spawled  off  near  c  and  h  \>j  this  nnequal  pressure.    Thea* 


Fiir.i. 


deraiupements  are  of  course  much  more  likely  to  be  serious  in  high  arches  than 
in  flax  ones,  especially  if  their  spandrels  are  not  sufficiently  built  up  befoi* 
lowering  the  centers. 
In  the  Grosvenor  bridge,  before  alluded  to,  of  200  ft  soan,  this  dangerous  excess 


ef  pressure  near  e  and  h  was  prevented  by  covering  the  skew  back  joint  of  ftm 
springing  course  at  each  abutment  with  a  wedge  (xt  lead  1.5  ins  thick  at  the  in- 
trados  of  the  arch,  and  running  out  to  nothing  at  the  extrados.    Beside  this  a 


strip  9  ins  wide  of  sheet  lead  was  laid  along  the  intrados  edge  of  every  Joint  uutn 
reaching  that  point  at  which  it  was  iudgea  that  the  line  of  pressure  would  pass 
firom  the  intrados  to  the  extrados ;  after  which  similar  strips  were  laid  along  the 
extrados  edges  of  the  joints,  up  to  the  crown.  Hence  when  the  centers  were 
struck,  this  excess  of  pressure  merely  compressed  the  lead,  and  was  thus  enabled 
to  distribute  itself  more  evenly  over  tne  entl»e  depth  of  the  joints.  Set  Trana 
•Ins  Civ  Eng  London,  vol  i.    See  also  top  of  p  92t. 

At  tlie  brldgre  at  If  enllly,  France  (of  5  elliptic  arches  of  120  ft  span, 
and  30  ft  rise),  the  centers  were  so  radicallv  defective  in  design  that  the  arches 
sank  18.25  ins  at  crown  during  the  time  of  buildins; ;  and  10.5  ins  more  during 
and  immediately  after  the  strifciBg ;  or  say  2  ft  in  all.  Their  construction  made 
the  striking  very  tedious  and  basardous;  greatly  endangering  the  lives  of  the 
workmen  and  the  existence  of  the  arches.  Some  of  the  joints  at  the  extrados 
at  the  haunches  opened  an  inch  each ;  and  those  at  the  intrados  of  the  crown  .25 
of  an  inch.  By  the  exercise  of  great  care  and  humoring  in  lowering  the  centers, 
these  openings  were  much  reduced. 

Rem.  1.  Cliaiiiferiiiir  tbe  edgr^*  ^f  tli«  arcbstonen  diminishes 
the  danger  of  their  spawling  off  from  unequal  pressure;  as  does  also  the  nerap- 
tm^  •at  of  the  mortar  of  tlio  Joints  for  an  inch  or  two  in  depth  De> 
fore  striking  the  centers. 

Rem.  2.  It  is  evident  that  in  order  to  prevent,  or  at  least  to  diminish  the 
alternate  derangements  of  the  center,  those  of  its  web  members  which  at  first 
acted  as  struts  near  the  haunches,  Fig.  \  to  prevent  them  firom  sinking  as  at 
A,  must  afterwards  act  as  ties  to  prevent  them  (^om  rising  as  at  i»;  while  those 

whi<^  at  first  acted  as  ties  near 
<3>e crown  a,  to  prevent  it  firom 
rising  as  at  c,  must  afterwards 
act  as  struts  to  prevent  it  flrom 
sinking  as  at  0.  iBot^erw<»ds, 
the  principle  of  eonnter* 
braeinsT  must  be  attended 
to  as  wellin  a  Arame  or  truss 
for  a  center,  as  in  one  fi^r  s 
bridge. 


4jrt.  4.  From  the  fbregoing  it  is  plain  that  a  simple  iiBl»raeediWOOdeB 
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in  di«m;  and  12  oC  tbem  showed  to  esch  lengtj 
wfxi  from  oen  to  eeo,  and  ateadied  togetlier  hj 
ins  long,  at  each  joiM  of  ttie  planks,  or  sibonf ! 


» or  corred  rib  is,  on  aeeonat  of  its  great  flezibililf,  about  as  unit  a  fonn 
as  could  be  chosen  for  a  center,  except  for  very  small  spans,  where  a  great  propor- 
tional depth  of  rib  can  be  readily  secured.  Still  the  writer  has  seen  it  used  ror  a 
•at-stone  semidroulav  aveh  of  i»  ft  spaa,  wtth  arcihstones  2  ft  deep.  Fig  6  shows 
MMribrn  aad^earefa,  ao,drawn  toaaostle.  Each  ribeonsisted  of  two  tmcknesses 
of  2  inch  plank  in  lengths  of  about  6.5  ft,  treenailed  tc^ether  so  as  to  break  joint, 
as  at  B.  Eaeh  tdeoe  of  plank  was  12  ins  deep  at  middle,  and  g  ins  at  each  end ; 
tbe  top  odge  being  eut  to  salt  the  carve  of  the  arch.  The  treenails  were  1.25  ins 
,_  .,  ^-^   -.^         ,.       3..  _-  ,^  length.    These  ribs  were  plsced  17  ins 

"  r  a  bridging  piaee  of  inch  board,  13 
.  .  8.25ftapwrt.    Headway  for  traJle 

being  necessary  under  the  arch,  there  were  no  chords  to  unite  the  opposite  ieetj 
of  the  ribs.  Tne  ribs  were  coyered  with  close  board  laoging,  which  luso  asststea! 
in  steadyteg  them  together  transversely.  .  As  Qxe  arch  approached  about  two- 
thiuds  of  its  height  on  each  side,  the  ribs  began  to  sink  at  tbe  haanches,  as  at  A, 
Fig  4 ;  and  to  i^  at  the  evown,  as  at  6.  This  was  rectified  by  loading  the  crown 
with  stooe  to  be  used  in  completing  the  arch ;  which  was  then  finished  without 
fiicther  tMUble. 

AtotUl  aiore  stritLlnpr^xaaipl^  of  the  aseof  a  rimpleunbraeed  wooden 
rib.  was  in  theo<d  KaUonal  Ttimnike  bridge  over  WinsCreek,  at  ritmiierlaiKl.  >'  d. 
TfaiBMdg^efwhloil0Mal«kwltk 
ita  oesiter  is  shown  in  Fig  7  drawn 
to  a  seale,  eonoisted  of  two  eUiptie 
eat  stone  arches  96j5  ft  wide  aoress 
Mmdway,  aodof  <•  fit  qian,  and  15 
ft  rise.  The  archstonss  were  3  ft 
deep  at  crown,  and  4  ft  deep  at 
Bkewba<Acs.  Eacli  flnune  mf 
tlie  eenter  was  a  simple  rib  6 
fns  thick,  composed  of  three  thick- 
nesses of  2  inch  oak  plank  in  diiTerent  lengths  (abo«^  7  to  15  ft)  to  suit  the  curve, 
and  at  the  same  time  to  preserve  a  width  of  about  16  ins  at  tne  middle  of  each 
length,  and  12  ins  at  each  of  its  ends.  The  thicknesses  were  well  treenailed  to- 
gether, breaking  joint  and  showing  from  10  to  16  treenails  to  a  length. 

Here,  as  in  ng  6,  there  were  no  chords,  owing  to  the  vkrfenceof  the  floods  in 
the  creek.  These  ribs  were  nlaced  18  ins  fh>m  oen  to  cen,  and  steadied  against 
one  another  by  a  board  bridging-piece  1  ft  long,  at  every  5  ft  These  were  of 
course  assisted  by  the  lagging. 

When  the  archstones  had  approached  to  within  about  12  ft  of  each  other  near 
the  middle  of  the  span,  the  sinking  at  the  crown,  and  the  zisint;  at  the  haunches 
had  become  so  alarming  that  pieces  of  12  X 12  oak,  00,  were  hastily  inserted  at 
intervals,  and  well  wedged  against  the  archstones  at  their  ends.  The  arch  was 
then  finished  in  sections  between  these  timbera,  which  were  removed  one  by  one 
as  this  was  done. 


^  !•    Saeb  iMataii««n  ^f  iiartlal  fbll«re  are  very  instructive. 

It  is  indeed  by  such,  rather  than  by  theoretical  deductions,  that  tbe  proper  dimen* 
alons  are  arrived  at  in  a  vast  number  of  cases  pertaining  to  en^neering,  ma- 
chinery, <frc.*  Thus  we  might  with  entire  confidence  of  no  serious  mishap,  apply- 
libs  of  the  foregoing  dimensiojis  to  spans  only  half  as  great. 

Rem.  S.  Assuming  the  rib-planks  to  be  12  ins  wide,  it  would,  as  a  matter  of 
detail,  be  better  to  make  them  about  10  ins  wide  at  the  ends  instead  of  the  8  ins 
in  Fig  6  making  top  curve  2  ins.  To  secure  this,  their  lengths,  depending  on  ^e 
radian  of  the  rib,  must  not  exceed  those  in  tlie  followinir  table  t 


Bad 
of  Aich. 

Greatest  Length. 

Bad 
of  Arch. 

Greatest  Length. 

Feet 
5 
10 
15 
20 
26 

Feet  and  Ins. 
2-6 
8       "      4 

4  "      2 

5  "      0 
5      "      9 

Feet 
30 
35 
40 
45 
60 

Feet  and  Ins. 

6  "     4 

7  "      0 
7-6 

7  "    10 

8  "      2 
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If  cut  lU  times  as  lonsr  as  this  table,  they  will  he  verj  approximately  8  In 
wide  at  en^ ;  or  each  will  on  top  curve  4  ins. 

Art.  5.    In  cases  where  all  possible  headway  is  essential 

during  the  building  of  the  arch,  as  in  the  two  f<Mregoin^  ones,  the  writer  would 

suggest  the  expedient  rudely  illustrated  by 
Fig  8;  namely  to  place  tlie  centers 
abowe  the  arelu  instead  of  below 
it ;  and  after  the  arch  is  completed  in  seo" 
tions,  a  a,  instead  of  lowerfniT  ^^  <^*>^' 
tera,  to  take  them  apart. 


Fig  8  is  a  transyerse  section  tjirough  part 
of  the  center,  and  of  the  arch  a  a.  Hera 
re,  rc^rc,  are  framesof  Uie  center  say  6 or  8 
ft  apart;  and  of  any  depth  and  construction 
whateyer  that  may  be  necessary  to  insure  absolute  safety ;  and  H  is  the  lagging/ 
Havine  built  the  arch  from  abutment  to  abutment  in  a  series  oi  seetieos<a,4t,  d,  ne- 
cessarily separated  say  a  foot  or  more  by  the  deep  frames,  we  may  take  the  centers 
apart,  and  then  fill  in  the  narrow  intermediate  sections  upon  a  lagging  suspended 
by  iron  rods  from  the  already  completed  sections.  Good  concrete  might  be  used 
for  these  narrow  sections.  In  some  cases  it  might  be  well  to  use  cleep  plate* 
Iron  ribs  of  I  section,  resting  the  lagging  on  the  lower  flange.  Fan  of  the 
web  might  be  left  remaining  embedded  In  the  masonry ;  and  the  upper  part  and 
both  flanges  removed  after  the  arch  is  finished. 

Art.  6.  Centers  with  hor  chords  c  c  Fig  9  are  obiectionable  (notwith- 
standing their  strength)  in  large  spans  of  great  rise,  as  on  right  side  of  the  Fig,  on 

account  of  the  excessive  length 
required  for  the  web  members; 
and  hence  it  will  in  such  cases 
usually  be  found  expedient  to 
adopt  something  analogous  to 
what  is  shown  on  the  left  hand 
of  the  Fig.  Here  a  truss/,  shorter 
and  shallower  than  that  on  the 
right  hand,  is  substituted  for  the 
latter.  At  its  ends  provision  must 
be  made  for  supporting  not  only 
itself,  but  the  archstones  below 
it.  As  the  pressure  of  these  low- 
er archstones  is  comparatively 
small,  this  may  usually  be  effeeteq 
by  resting  the  end  of  the  frame 
/  upon  another  and  shallower  firame  o  a.  This  may  in  large  spans  be  aided  by 
either  inclined  or  vertical  struts,  either  single  or  braced  together ;  or  as  the  trestles 
on  p  766,  Sometimes  one  shallow  truss  Hke  /  is  sustained  upon  another  truss 
throughout  its  entire  length.  The  striking-wedges  for  these  various  supports  may 
be  placed  at  either  their  tops  or  their  feet,  as  may  be  most  convenient. 

Art.  7.  For  flat  arches  of  10  feet  clear  span,  a  mere  board  o  o 
Fig  10, 12  ins  deep,  by  1.5  ins  thick,  with  another  piece  c  of  the  same  thickness 
on  top  of  it,  trimmed  to  the  curve,  apd  cent* 
fined  to  0  0  by  nailing  on  two  cleats  of  nar« 
row  board,  will  answer  ^ very  purpose,  with 
intervals  of  18  ins  from  cen  to  cen.  If  the 
upper  piece  also  is  as  much  as  12  ins  deep  at 
its  center,  the  clear  span  may  be  extended 
to  15  ft. 

For  spans  of  10  to  15  ft,  and  of  any 
rise,  two  thicknesses  of  plank  from  1  to  2  ins 
thick  according  to  span ;  8  to  12  Ins  wide  at 
middle  of  each  piece,  in  lengths  as  per  table.  Hem  2,  Art  4,  well  nailed  or 
spiked  together,  according  to  span,  oreaking  joint  as  in  Fig  6,  will  answer  for 
dutances  of  2  to  3  ft  apart  cen  to  cen.  For  greater  dists  apart  increase  the  thick- 
ness of  the  planks  proportionally. 

If  the  centers  ha  we  to  be  mowed  ftfom  i^aee  to  place,  to  serye 
for  other  arches,  then,  to  preserve  them  from  injury  in  handling,  their  feet  should 
be  united  by  nailing  on  one  or  both  sides  of  each  frame  a  choj^  piece  of  ahoat  1 
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Uuit  board ;  and  also  a  vertical  pieoe  qt  piecea  of  tha  nne  tk»  from  th«  oaater 
of  the  chord  to  the  top  of  the  itraine. 

Even  when  they  are  noi  to  he  moTe4«  the  chord  pieces  are  asefal 
eren  in  so  small  spans,  inasmuch  as  they  render  the  striking  easier,  by  not  allow- 
ing the  feet  of  the  riba  to  give  trouble  by  spreading  oatward  and  pressing  against 
the  abutments.  ^ 

For  SMns  of  15  to  80  ft,  and  for  any  rise  not  less  than  one  sixth  of  the 
span,  the  following  dimensions,  varying  with  the  span,  may  be  used  for  distances 
apart  of  3  ^  from  cen  to  cen. 
See  Fig  11.  For  the  how  6, 
two  thicknesses  of  1  to  2  inch 
plank  from  9  to  12  ins  wide 
at  the  middle;  and  from  7  to 
10  ins  at  each  end,  well  spiked 
together  breaking  joint  as  at  B, 
Fi^6.  For  the  chord  c,  two 
thicknesses  of  plank  of  same 
sise  M  the  bow  at  its  middle ; 
placed  on  outsides  of  bow,  and 
well  spiked  to  iU  ends.  A 
wertteal  «,  in  one  piece  as 
wide  as  a  bow  plank,  and  twice 
as  thick.  Its  top  is  placed  under  the  bow,  and  is  confined  to  it  by  two  pieces,  o,  o, 
of  bow  plank  twice  as  long  as  the  bow  plank  is  deep,  and  spiked  to  both  v  and  the 
bow.  The  foot  of  «  passes  between  the  two  thicknesses  of  the  chord  c,  and  is 
spiked  to  them.  Two  ohliqne  tieHStmts,  «,  each  of  two  pieces  of  bow 
plank,  outside  of  the  bow  and  vertical  v ;  footing  against  each  other ;  and  spiked 
to  bow  and  v.    These  with  v  divide  the  bow  into  4  parts. 

Rem.  1.  The  above  dimensions  are  suitable  to  a  rise  of  one  sixth.  If  the 
rise  is  one  fourth,  the  thlekness  only  of  the  planks  may  be  reduced  one  third 
part ;  and  for  a  rise  of  one  third  or  more,  we  may  reduce  to  one  halt 

Rem.  8.  If  in  the  larger  of  these  spans  the  struts  *  should  show  any  incli- 
nation to  bend  sideways,  nail  oq  some  pieces  I  Arom  frame  to  firame.  Also  in  the 
larger  ones  with  rises  exceeding  one  third,  insert  four  double  struts  «,  Instead 
of  two :  thus  dividing  the  bow  into  6  parts,  as  at  left  side  of  Fig.  11.  For  spans  of 
25  to  86  ft|  add  also  two  struts  like  a  a,  of  same  size  as  v. 

Art.  S.  For  spans  jrreater  than  ahont  80  ft,  the  writer  believes 
that  as  a  general  rule  (liable  to  modifications  according  to  the  judgment  of  the 
engineer  m  charge)  the  following  ideas  will  lead  to  safe  practice.  Namely,  to 
adopt  a  bowstring  truss  with  a  sunple  Warren  or  triangular  web.  as  at  /  on  the 
left  side  of  Fig  9.  The  bow  to  rest  on  the  chord,  and  each  to  be  or  a  single  thick- 
ness. The  web  members  (especially  in  large  spans)  to  be  also  of  single  thickness, 
and  placed  below  the  bow,  resting  on  the  chords,  and  well  strapped  to  both,  so  as 
to  act  as  dtber  ties  or  struts.  In  smaller  spans  the  web  members  may  each  be  in 
two  thicknesses,  one  bolted  or  treenailed  to  each  side  of  the  bow  and  chord.  Other 
modes  wHl  sura^t  themselves :  but  we  have  not  space  for  such  details. 

Or  a  web  of  the  Howe,  or  of  the  Pratt  system,  as  on  the  right  side  of  Fig  9  may  be 
used.  But  in  reference  to  both  of  these  it  may  be  remarked  that  the  nme  of 
lonif  Iron  rods  In  centers  of  large  spans  is  highly  objectionable,  owing 
to  the  difEbrent  rates  of  exnansion  between  iron  and  wood.  Therefore  if  thesa 
^sterns  are  used,  all  the  members  should  be  of  wood.  The  lattice  may  be  used. 
Evan  when  the  rise  of  the  arch  exceeds  .25  of  the  span,  it  is  better  not  to  let 
that  of  the  centers  exceed  that  limit ;  but  adopt  the  expediant  shown  aft 
the  left  side  of  Fig  9,  with  a  rise  of  about  one  sixth  of  the  span. 

Rem.  1.  To  fix  on  the  nnmher  of  weh  trlani^les  in  a  Warren 
truss  or  frame  for  a  center,  find  the  square  root  of  the  span,  and  to  it  add  one 
tenth  of  the  span.  Divide  their  sum  by  2,  and  call  the  quotient  n.  Divide  the 
span  by  n.  If  this  quotient  is  a  whole  number  use  it;  or  if  the  quotient  is  partly 
decimal,  use  the  whole  number  nearest  to  it,  as  a  distance  in  feet  to  be  stepped  off 
along  the  chord ;  thus  dividing  the  chord  into  a  number  of  equal  parts.  All  the 
points  thus  found  on  the  chord,  are  the  places  for  the  feet  of  the  triangles. 
Next,  from  half  way  between  each  two  of  these  points,  draw  vertical  lines  to  the 
bow.  The  points  thus  found  along  the  bow,  are  the  places  of  the  tops  of  the 
triangles.  This  rule  will  be  used  in  connection  with  the  following  Table  of  Areas 
of  Bows,  as  the  two  are  dependent  on  each  other. 

In  large  arches  the  tUnher  of  the  bow  should  not  be  wasted  by 
trimming  its  upper  edges  to  the  curve  of  the  arch,  but  should  be  left  straight ;  ana 
separate  pieces  so  trimmed,  like  e  in  Fig.  10,  should  be  spiked  on  top  of  them. 
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The  tMiiMVeme  tufmn  of  tlie  Itow,  in  square  incbes,  may  be  taken  front 
the  following  table ;  and  may  in  practice  be  aMumed  to  be  uniform  througliout 
its  entire  length ;  which  in  £Eict  it  k  quite  approlimstely.    See  Bern  2. 

TABI«i:  FaB  BOWSTRIiro  CJBBFTKIM. 

Table  of  areas  in  square  inches  at  tbe  crown  of  each  Bow,  of  properiy 
trussed  Bowstring  frames  for  centers  of  stone  or  brick  arches.  The  frames  to 
be  placed  5  feet  apart  from  cen  to  cen.  With  these  areas,  the  combined  weights 
of  arch,  center  (of  oak),  and  lagging,  will  in  no  case  in  tne  table  strain  the  Bow 
at  crown  of  the  greatest  spans  quite  1000  lbs  per  square  inch ;  diminishing  grad- 
ually to  600  or  700  lbs  in  the  smallest  spans,  whicn  are  more  liable  to  casuiSties. 

Although  centers  of  moderate  span  are  usually  made  of  white  or  yellow 

J)ine,  spruce,  or  hemlock,  all  of  which  are  considerably  lighter  than  oak,  we  have 
br  intfety  assumed  them  to  be  of  oak,  in  preparing  our  table. 
For  spans  of  £roiii  10  to  ftO  feet  use  the  same  sizes  as  for  20  fleet 


Original. 

Rise  In  parts  of  tbe  Span 
.35    .3    .25     .2 

.5 

.4 

.15 

.1 

Span 

in  feet. 

Areas  of  transverse  section  of  Bow, 

in  square  inches. 

20 

14 

17 

19 

21 

24 

29 

88 

6» 

25 

18 

22 

25 

26 

88 

40 

63 

80 

80 

23 

28 

32 

87 

43 

61 

71 

les 

85 

28 

34 

40 

45 

54 

64 

87 

126 

40 

34 

41 

48 

66 

65 

77 

106 

100 

45 

40 

49 

67 

66 

76 

92 

126 

176 

60 

47 

67 

66 

76 

89 

107 

146 

209 

65 

53 

64 

75 

87 

102 

121 

166 

233 

60 

60 

73 

85 

99 

115 

136 

187 

268 

66- 

68 

81 

95 

110 

129 

151 

209 

284 

70 

75 

90 

105 

122 

143 

168 

238 

326 

75 

83 

99 

115 

133 

157 

184 

266 

357 

80 

91 

108 

125 

145 

171 

201 

279 

390 

86 

99 

117 

136 

157 

185 

218 

802 

423 

90 

108 

127 

147 

169 

199 

285 

826 

467 

95 

115 

136 

158 

181 

214 

252 

848 

490 

100 

123 

146 

169 

194 

229 

270 

872 

624 

no 

183 

166 

191 

219 

260 

307 

420 

892 

120 

156 

187 

213 

246 

291 

345 

470 

660 

180 

172 

208 

237 

274 

823 

384 

520 

146 

190 

230 

263 

303 

857 

424 

672 

160 

209 

252 

289 

383 

893 

466 

160 

229 

276 

815 

865 

430 

609 

170 

250 

299 

343 

399 

469 

180 

272 

323 

373 

435 

511 

190 

294 

347 

403 

472 

200 

818 

372 

435 

509 

Bern.  2.  The  sauare  root  of  any  of  these  areas  gires  in  inches  the  side  of 
m  square  bow  of  that  area.  The  distances  apart  of  the  triangles  wMcn  fbrm 
the  web  of  the  fhtme,  having  first  been  found  by  Rem  1  (for  said  B;em  and  this 
table  are  dei>endent  on  each  other),  the  above  areas  for  bows  5  ft  apart  from  cen 


to  cen,  suffice  not  only  to  resist  the  pressure  along  the  bow,  but  also,  as  soi 
beams,  to  sustain  with  a  safety  in  no  case  less  than  about  5.  the  load  of  arch- 
■tones  resting  upon  them  between  the  adjacent  tops  of  two  triangles :  and  with 
Tery  trifling  denections.  It  is  therefore  unnecessary  to  deepen  the  ribs  fbr  that 
purpose;  although  it  may  be  done  (preserving  the  same  area)  in  case  consider- 
stions  of  detail  snould  render  it  desirable. 

As  before  suggested,  it  will  generally  be  best,  in  spans  exceeding  30  or  4H)  ft,  to 
cive  the  bow  a  nse  not  exceeding  about  one  fifth  or  one  sixth  of  the  span ;  and 
to  support  the  frames  as  at/.  Fig  9. 

Tne  sise  of  tbe  cbord  may  be  the  same  as  that  of  the  bow ;  and  like  it 
uniform  from  end  to  €?nd ;  care  however  being  taken  that  it  be  not  materially 
weakened  by  footing  the  bow  upon  its  ends ;  or  (when  too  long  fbr  single  tim* 
berv)  by  the  splicing  necessary  to  prevent  its  being  stretched  or  pulled  apart  hf 
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Hie  thmui  6f  «he  how.  When,  biyrttttr,  the  tlioiid  can  he  plteed  «t,  or  «  lIMi 
bdow  the  springs  of  the  arch,  all  danger  of  this  kind  may  be  avoided  by  simplf 
wedging  ite  endairell  MgtAagt  the  fisM*  of  the  ■hutaants. 

As  t«  tlie  Biae  of  tlM  wel»  BieiMbenu  when  a  bowstring  trus»  is 
ftUlw  iMMled  on  tep  of  the  bow^  (as  la  appreixinaiteij  the  case  with  a  «enter 
and  iiaarcbatottea,)  the  stnina  oo  the  wieb  m— ban  Mre  ouite  insignificant,  and 
aciae  chleAy  from  the  weight  of  the  center  itself;  bui  wMl«  U  im  iMiM  •• 
toadfMl*  they  are  not  onlj  greater,  hut  are  eonatantly  changing,  not  only  in 
aoMMnt,  but  aiae  in  ckaiaeter^-baing  st  one  period  eompre»iyc^  and  at  anotlier 
tensile. 

Hesce  it  would  be  very  tedious  to  calculate  the  dimensions  of  the  web  members. 
Fortonatsly  ihe  oeoesstty  for  delng  so  is  in  a  great  measure  obviated  by  the  fact 
that  a  center  being  Imt  a  tamponry  structure,  the  timber  composing  it  is  not  ulti- 
nMtely  wasted  if  a  greater  quantity  of  it  is  used  than  is  absolutely  reqoired. 
Moreover  jhoility  of  workmanship  is  secuied  by  not  having  to  employ  timben 
•f  many  different  sizes. 

Hence  the  writer  will  Tenture  t»  suggest,  entirely  as  a  rule  of  thumb,  to  jrf  we 
MMli  w«l»  member  balf  tlM  teaiiMWerse  area  of  tlie  bew, 
taking  oare  to  make  each  of  them  a  tie-strat. 

Beai*  S.  Am  to  cletoUe  of  Jolnto,  we  refer  to  the  Figs  on  pages  78S, 
786 ;  merely  suggesting  here  tlie  use  of  long  and  wide  iron  shoes  where  timboM 
are  aul^ted  to  great  pressure  ridewavs. 

Rem.  4.  To  prevent  the  thrust  of  the  bow  when  its  rise  i»  small,  flrom  snlit- 
ting  off  the  ends  of  thechords,  the  two  may  be  united  bv  many  more  boUe  uum 
are  employed  in  roof  trusses,  «fce,  where  only  one  is  generally  plaoed  near  each  end 
•f  the  chord.  But  they  may  when  required  be  inserted  at  Intervala  extending  to 
many  feet  firom  the  ends.  Thev  shoald  have  strong  Isrge  washers ;  and  may  have 
•bout  the  saiM  incUnaftion  as  the  diortest  web  member. 

Another  way  of  securing  the  same  end  in  smaller  spans,  is  by  oonn^letely  en» 
easing  the  two  sides  of  the  bow  and  chord,  to  a  distance  of  a  few  feet  fima  their 
endsjinshortpieceaof  board  f^  plank  spiM  to  both  ef  them,  and  having  about 
the  same  ineUnatkin  as  inst  sonested  for  bolts. 

BeBi«ft.  Boiklupboth  stSw of  the  aroh  at  onee,  in  older  to  strain  the ce]»> 
ters  aa  Utile  asjMssible. 

Wri  6.  When  a  bridge  oenabts  of  move  than  one  such,  and  they  are  to  be 
boilt  one  at  a  time,  there  most  be  at  least  two  centers;  for  a  center  most  not 
be  stmok  wntU  the  contignoos  archeeon  both  aidea  are  finisbed«for  fear  of  over- 
tnsning  the  o«tter  unsappoxted  pier.  Therefore  if  there  are  but  two  arches,  they 
asust  be  built  at  onoe,  leqniring  two  eenters. 

Rem.  7.  AVmmjm  «se  smpBOVto  either  vertical  or  inclined  (and  pro- 
Tided  with  sirikiua-wedgea)  under  &  frsmes,  and  inteonediateef  the  end  aup- 
ports,  when  possihte:  e^en  if  they  can  extend  out  but  a  few  feet  £com  the  abut- 
meiils,  as  at  &e  left  si«e  eC  Fig  «. 

Rem.  8.  Tbe  weight  of  largr®  eentem  and  their  laggina  is  greater 
for  flat  arohea  than  for  hipk  eneaof  the  same  spaa;  and  also  approaches  nearer 
to  that  of  the  supported  aroh. 

Real.  9.  TMehaieeeoClACipliaar.  The  following  table  giyeB  thicknesses 
which  will  not  bend  more  than  an  eicfth  of  an  inch  under  the  weight  of  any 
probable atihsteoss  odlBpteil  to  tlie respeetft we  spoiui ;  and generaUy  not 
aomnoh. 

TABIJE  OF  liAOOIlf  P.— Original. 


Distance  apart 

of  fhunes» 
te  tlie  clear. 


Feet 
6 
5 
4 
$ 
2 


!•• 


S|ian  of  eenter  In  feet, 
to.  50.  lOO.         150. 


Thickness  of  dose  lagsing  not  to  bend  m<»re  than 
Ins.  Ins.  us.  Ins.  Ins. 

8M  ^  4?i  S 


^    Ins. 

S 

1% 


Witii  thiekBefleee  three  quarters  as  great  as  these,  the  bending  may  leaeh 
a  fhll  quarter  inch ;  which  may  be  allowed  in  dlsts  apart  of  8  or  more  ft 

Rem.  lO.  Centers  are  fHimed,  or  put  together,  (like  iron  bridges)  on  a 
firm,  level  temporary  floor  or  platform,  on  which  a  fall-size  drawing  of  a  frame  b 
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As  eseh  temo  is  flnisbed,  it  is  mnoyed  to  its  pUos  on  tbs  Dlsrs  ol 
abuts. 

Art.  0.  Tbe  WlMahlefcon  Bridge  of  the  Reading  R  R,  at  PhUadelphia. 
has  five  arches  of  65  ft  span,  28  ft  rise,  28  ft  wide  (arcfastoaee  3  ft  deep,  with  dressed 
beds  and  Joints,  in  cement  mortar) ;  with  four  eatstone  piers  9^  ft  thick  at  top,  and 
fh>m  86  to  50  ft  high.  It  contains  about  15400  cnb  yds  of  masonry.*  Kaell  eentev 
consisted  of  7  frames  or  trusses  of  hemlock  timber,  of  the  Bowstring  pattern,  with 
lattice  web-membera;  and  as  neariy  as  may  be,  of  the  same  span  and 

rise  as  the  arches.    They  were  placed  4.6  ft  apart  from  center  to  center;  and  were 

supported  near  each  end  /,  Fig  13 
(a  transrerse  section  to  scale)  by 
a  hemlock  post  p,  12  ins  square. 
The  bow  was  of  two  thicknesses 
bb  of  hemlock  plank,  6  ins  apart 
clear,  in  lengths  of  6  ft,  with  their 
upper  edges  cut  to  suit  the  curve 
of  the  arch.  Each  piece  was  4  ins 
thick,  by  18.6  Ins  deep  at  its  middle^ 
and  12  ins  at  its  ends.  Theee  pieces 
did  not  break  Joint ;  but  at  each 
Joint  were  four^  inch  bolts,  with 
nuts  and  washers,  uniting  them 
with  chocks  or  filliDg<ia  pieces. 
The  bow,  b  6,  footed  on  top  of  the  ends  of  the  chords  /;  and  the  angle  formed  by 
their  meeting  (seen  only  in  a  side  yiew)  was  (for  aboot  2.6  ft  horisontal  and  6.5  ft 
▼ertical)  filled  up  solid  with  rertical  pieces,  to  afford  a  firmer  base  for  resting  the 
frame  on  n  ;  beyond  which  it  extends  (in  a  side  Tiew)  about  18  ins. 

The  chords  /were  of  two  thicknesses  of  4  x  12  hemlock  plank,  6  ins  apart 
olear,  and  most  of  them  In  two  or  three  lengths;  breaking  Joint,  and  with  two  % 
inch  bolts,  with  nuts  and  washers,  at  each  Joint,  fpr  bolting  them  together,  and  to 
miing-in  pieces.  The  web  members  of  each  frame  were  26  lattices,  o,  of 
8  X  12  inch  hemlock,  crossing  each  other  about  at  right  angles,  at  intervals  of  about 
t.6  ft  from  center  to  centsr,  and  passing  between  the  two  thicknesses  bb  of  the  bow, 
and  //  of  the  chords.  A  few  of  the  lattices  were  in  two  lengths,  and  tiie  Joints  were 
not  at  the  crossings.  The  lattices  were  connected  at  each  crossing  by  two  hard  wood 
treenails  9  Ins  long,  and  2  ins  diam;  and  one  such,  18  ins  long,  passed  through  the 
intersection  of  each  end  of  a  lattica  with  a  bow  or  chord.  The  first  lattice  foots 
about  4  ft  ft^m  the  end  cf  a  chord.  They  do  not  extend  abova  the  top  of  the  bow. 
All  the  spaces  between  the  two  thicknesses  of  bow  or  chord,  where  not  oocnpied  by 
the  ends  of  lattices,  were  completely  filled  by  chocks,  wall  spiked. 

Each  frame  eontalned  about  360  cnb  ft  of  timber;  and  weighed  abont  f 
tons.  They  were  very  fiexible  laterally  until  in  place,  and  braced  together  by  4 
transverse  horizontal  planks  spiked  to  their  chords ;  and  by  6  others  above  them, 
spiked  to  the  lattices. 

Until  the  keystones  were  placed,  all  the  Joints  of  the  frames  continued  tight,  vaxiot 
the  pressure  from  the  arch,  and  fi:x)m  the  unfinished  backing*to  the  height  of  about 
14  ft  above  the  springing  line;  but  after  the  keystones  were  sat,  all  the  Joints  of  the 
choT'ds  alone  opened  from  .25  to  .76  of  an  inch ;  and  at  the  same  time  the  lagging  an- 
tler the  haunofte$  of  the  arches  became  slightly  separated  from  the  solBt  of  the  masonry. 
Eaeh  center  sank  but  a  ftiU  inch  at  the  middle,  under  the  pressure  frx>m 
the  arch  and  14  ft  of  backing.   . 

The  portion  of  the  bridge  above  the  piers  was  about  two  thirds  completed  before 
the  centers  were  struck. 

There  was  one  wedg^e  «s*  vf,  (32.6  ft  long,  of  12  X 12  inch  oak)  under  each 
and  of  a  centw.  It. was  trimmed  to  form  7  smaller  ones  to^  w,  each  4.6  ft  long,  and 
tapering  7  lbs ;  one  under  each  end  of  each  frame  /.  They  played  between  tapered 
blocks  a,  a,  of  oak^  2  ft  long,  1  ft  wide,  let  1  inch  into  the  cap  c,  or  into  the  piece  a, 
on  which  last  the  frames  /,/,  rested.  The  sliding  surfaces  were  well  lubricated  with 
tallow  when  put  in  place. 

The  wed|(es  were  strneh  with  ease,  at  one  end  of  a  center  at  a  time,  by  as 
oak  tog  battering-ram  18  ft  long,  and  nearly  a  ft  in  diam,  suspended  by  ropes,  and 
swung  and  guided  by  4  men.  They  generally  yielded  and  moved  seveial  inches  at 
the  second  blow  with  a  3  or  4  ft  swing.  Although  each  wedge  was  loosened  etUirelf 
within  2  or  8  minutes,  thus  lowering  the  centers  very  titdderuy,  yet  on  account  of  the 

•  Thla  bridffs.  flntthed  witboat  aoddMit,  Id  1682,  ren«ou  miMb  ersAtt  «n  tbe  laM  WtlUaai  Loreot, 
Ksq,  Ob.  Eng;  on  Mr.  Oharlea  W.  Buobholx,  AMiataotin  Cbarg«:  Kod  on  the  «ktKul  ui«l  enerfielio 
flOBtrMtort.  wiliiam  k  J«m««  Nolan,  of  Roadiog,  Peona.  ThcM  1m(  SDKWt  oorduOty  M«Uted  tht 
vtittr  in  maUDg  obMrvadoas  daring  ibe  entire  pnigresa  of  tbe  work. 
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good  character  of  the  masonry,  not  the  slightest  crack  of  a  mortar  joint  ooald  aftan 
wards  be  detected  in  any  part  of  the  work.  After  three  days  the  average  sinkine  of 
the  keystones  was  only  .36  of  an  inch ;  tha  least  was  ^;  and  the  greatest  ^  of  an 
inch.  The  heads  and  feet  of  tiia  posts  p  comfHrassad  the  hemlock  caps  c,  and  the 
sills,  about  9^  of  an  inch  each,  showing  that  for  arches  of  this  sise  the  caps  and  sills 
bad  better  m  of  some  harder  wood,  as  yellow  pine  or  oak ;  although  probably  tha 
•ompresslon  was  facilitated  by  the  large  mortices,  3  by  12  ins,  and  6  ins  des». 
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DAMS. 


TIMBEB  DAMS. 


Primary  requisites,  in  the  erection  of  dams,  are,  a  foundation  sufll- 
cientlv  firm  to  prevent  them  from  settling,  and  thus  leaking;  the  prevention 
of  leaks  through  their  backs,  or  under  their  bases ;  and  the  prevention  of  wear 
of  the  bottom  of  the  stream  in  front  of  the  dam,  by  the  action  of  the  falling 
water.  For  the  first  purpose,  hard  level  rock  bottom  is  of  course  the  best :  and 
should  be  chosen,  if  possible.  In  that  case,  thick  planks,  tt^  Fig  6,  (single  or 
double,  as  the  case  may  be,)  closely  jointed,  and  reaching  from  the  crest,  e,  to 
the  back  lower  edge  w,  (where  they  should  be  scribed  down  to  the  rock ;)  with  a 
good  backing,  &,  of  gravel,  will  suffice  to  prevent  leaks.  Gravel,  or  rather  very 
gravelly  soil,  is  far  better  than  earth  for  this  purpose;  for  if  the  water  should 
chance  to  form  a  void  in  it,  the  gravel  falls  and  stops  it.  To  prevent  this  back- 
ing  from  being  disturbed  near  the  crest  of  the  dam,  by  floating  bodies  swept 
along  by  freshets,  a  rough  pavement  of  stones,  about  15  to  18  inches  deep,  as 
shown  in  Fig  7,  should  be  added  for  a  width  of  about  10  to  20  feet:  or  until  iU 
top  becomes  3  to  5  feet  below  the  crest  o  of  the  dam,  according  to  circumstances. 


ROCK 


In  Fig  1,  (a  dam  on  the  Schuylkill  navigation.)  the  uoper  timbers,  «,  are  all 
close  jointed,  and  laid  touching,  so  as  not  to  require  planKing  in  addition. 

But  if  the  bottom  of  the  stream  is  gravel  or  earth,  there  must  in  addition  to 
these  be  used  two  thicknesses  of  sheet  piles,  p.  Fig  2,  dc,  close  driven,  breaking 
Joint,  to  a  depth  of  several  feet,  to  prevent  leaking  through  the  soil  beneath 
the  base  of  the  dam.  Frequently  but  one  thickness  is  used.  If  the  bottom  is 
soft  or  open  for  a  depth  of  only  a  few  feet,  it  is  at  times  better  to  remove  5t,  and 
base  the  dam  on  the  firmer  stratum  below  ;  still,  however,  using  the  sheet  piles. 
Old  decayed  timber  and  other  rubbish  should  be  removed  from  the  base.  In 
very  bad  soils  of  greater  depth,  it  may  be  necessary  to  support  the  dam  entirely 
upon  a  platform  resting  on  bearing  piles.  Here  ereat  precautions  are  neces- 
sary against  leaks;  but  the  case  occurs  so  rarely,  that  we  shall  not  stop  to  con- 
sider it. 

As  to  the  wearing  away  qf  the  bottom  of  the  stream  by  the  water  falling  over 
the  front  of  the  dam,  precautions  should  .be  used  in  all  oases  except  that  of  ?ery 


oard  rock,  or  of  medium  rock  protected  by  a  considerable  depth  of  water.  The 
4am.  Fig  1.  was  built  upon  a  tolerably  firm  micaceous  gneiss  in  near]/  vertical 
ctrata,  co?ered  byUtboat  2  feet  of  water  in  ordinary  stages.  In  89  yean  the  lock  wat 
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weim  awaj  in  frost  of  the  dam,  m  abawn  in  the  fig.  to  tb«  •▼•rage  depth  of  8  feet ;  or  verj  aearij  1 
tneh  per  jear.  The  depth  of  weter  on  the  oresi  c,  wm  usaallj  trom  6  to  18  in* ;  rarelj  &  or  6  ft  doe- 
Ing  freshets ;  and  bat  a  few  Umes  during  the  whole  period,  8  or  9  ft. 

At  Jones's  dam.  on  Cape  Fear  River;  height  of  dam,  16  ft ;  front  vert: 

fikU,  usually  10  ft,  into  6  ft  depth  of  water;  the  soft  shale  rook,  in  rert  strau,  was,  in  the  course  or 
a  few  years,  worn  away  16  ft ;  and  the  dam  was  andermined  to  snob  an  extent  as  to  fall  into  the  cavuy. 
In  another  ease,  dam  36  ft  high ;  front  rert;  the  water  falling  upon  nearly  rert  strata  of  hard  sbala 
roek,  nsnally  eorered  by  but  about  2  ft  of  water :  in  about  20  years  wore  it  to  an  irregular  depth  of 
fft>m  10  to  20  ft  f  and  extending  from  the  very  faoe  of  the  dam,  to  70  or  80  ft  in  ftvnt  of  it. 

In  Fig  2,  open  a  stream  sab^t  to  very  violent  freshets,  the  gravel  was  washed  away  for  a  consid- 
erable width  and  depth  beyond  the  apron,  as  at  A.  To  prevent  a  repetition,  the  caTity  was  AIM 
with  cribwork  fbll  of  stone,  clear  across  the  river. 

▲  deposit  of  bloeks  of  loose  stoue,  of  even 
a  ton  weight  or  more,  will  not  serve  as  m  pro> 
.|^      g  teotion  in  front  of  a  dam  expoMsd  to  high 

rig.  6.  freshets;  but  will  soon  be  swept  awav.    ▲ 

oommon  precaution  against  this  wear,  in  low 
dams,  is  an  apron,  aa.,  Fig  2 ;  or  d  cf.  Fig  3 ; 
of  either  roagh  round  tree  trunks,  or  of  hewn 
timber,  laid  close  together ;  extending  under 
the  entire  base  of  the  dam,  and  from  15  to  90 
ft  in  front  of  its  face.  These  are  sometimes 
bolted  to  pieces,  **,  Fig  2 ;  or  yy.  Fig  3 ;  laid 
under  them  across  the  stream.  In  Fig  8, 
with  very  soft  bottom,  these  pieces  yy  are 
supposed  to  be  bolted  to  short  piles  1 1,  driven 
for  that  purpose. 

At  times  a  distinct  wide  low  timber  crib,  filled  with  stone,  and  covered  on  top  with  stoat  plank, 
kas  b^n  placed  in  front  of  the  dam,  to  receive  the  fkll  of  the  water;  and  is  eflRaotive  in  protecting 
the  bottom.    Jllflo.  in  some  cases,  a  dam  of  less  height,  and  of  cheap  character,  has  been  built  at  a 


short  distance  down  stream  from  the  u 
of  the  latter  for  breaking  the  force. 


te,  in  <mler  to  seonre  at  all  times  a  deep  pool  in  fh)nt 

Another  precaution  is  .to 
substitute  a  sloping  front  like 
e  {,  Fig  4,  or  such  as  Figs  1 
and  2  would  form  if  reversed, 
for  the  nearly  vert  one  of  the 
other  figs ;  thus  to  some  extent 
reducing  the  foroe  of  the  wa- 
ter. This,  however,  is  but  a 
rial  remedy,  especially 
soft  bottoms  in  shallow 
water ;  for  the  sliding  sheet 
still  descends  with  great  force. 
The  best  form  of  dam,  per- 
haps, in  such  OAseii,  is  that 
shown  in  Fig  &,  in  which  the 
fhmt  oonsists  of  a  series  of  steps  of 
about  1  vert,  to  3  or  4  hor.  These  ef- 
fectually break  the  force  of  the  water; 
and,  with  the  addition  of  an  apron  oo, 
secure  a  satisfactory  result.^  It  is  ob- 
jected against  this  form,  as  also 
against  Figs  i  and  6,  that  their  fronts 
are  liable  to  he  torn  by  descending 
trees,  ice,  and  other  bodies  swept 
aleng  doring  fkvsbeu ;  but  experience  shows  that  this  objeetlon  has  bat  little  weight;  for  when  sueh 
bodies  pass,  the  sheet  of  water  is  thicker  than  usual ;  and  protects  the  front  timbers.  On  the  Soh 
■av,  the  timbers  c/.  Fig  6,  scaroelj  wear  thin  at  the  rate  of  an  inch  in  10  to  1&  yean. 


Figr.6. 


Fig.  6. 


Tlie  forms  of  wooden  dams  are  many- ;  (see  the  figs,  which  ihow 

hoee  moet  used  ;)  varying  with  the  cireamstaaeee  of  the  ease,  and  with  the  fancy  of  the^  designer. 
la  the  United  States  tbey  are  usually  of  cribwork.  of  either  rovfli  rotind  lege  with  the  bark  on,  or  of 
w ^-. ._  _i^ ^  jjl^j  ^  ,5^^  throufc-    Theet  timbers  «m  BMtnriy  laid  on  top  of  eMta 
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r^r.dam  may  reaeh 
ithte  thU  encloa* 


flher,  forming  In  plan  •  aeriei  of  reotaagles  with  rides  of  about  7  to  IS  fl.    Th«j 

together,  bot  aimply  bolted  bjr  1  inch  tanare  bolts  (often  ragged  or  Jagged)  aboat  8  to  3^  feat  long, 

through  two  timben  at  every  intersection.  These  are  not  found  to  nut  or  wear  aerloiisly,  aven  wheo 

exposed  to  a  current.    BqQare  bolu  hold  beet.    Bound  logs  are  flattened  where  they  m  «pon  eaoa 

other.    Experience  shows  that  firmer  but  more  expensive  oonneotions  are  entirely  onneoessary.  The 

oribs  are  usually,  but  not  always,  filled  with 

rough  stone.    In  triangular  dams,  disposed  ^ 

as  in  Figs  1,  2,  and  7,  this  stoue  fllling  is  v, 

not  so  essential  as  in  other  forms ;  because 

the  weight  of  ibe  water,  and  of  ibe  gravel 

backing,  tends  to  bold  the  dam  down  on  its 

base.    Still,  even  in  these,  when  the  lower 

timbers  are  not  bolted  to  a  rock  bottom,  or 

otherwise  secured  in  plaee,  some  stoue  may 

be  necessary  to  prevent  the  timbers  from 

floating  awdj  while  the  work  is  nuflntshed, 

and  the  gravel  not  yet  deposited  behind  it. 

On  rook,  the  lowest  timbers  are  often  bolted  -  _ 

to  it,  to  prevent  them  from  floating  away  PP 

during  conatruetion ;  and  when  the  water 

to  some  feet  deep,  this  require.-!  cofTer  dams.     Or,  the  cribs  may  be  buHt  at  firat  only  a  fsw  feet  high ; 

then  floated  into  plai .    ...<"     ..    =.    ■>  n.fidiDg  them  with  stone j  for  the  reception  of  which  a  rough 

platform  or  flooring  w  nl  i-^  XK^d  iu  Uiu  cribs,  a  little  above  their  lowest  timbers,     "nie  bolting  to  tM 

tock  may  then  be  dispensed  with.    The  water  may  flow  through  the  open  cribworb  as  the  building 

higher  goes  on ;  attention  being  paid  to  adding  stone  enough  to  prevent  it  floating  away  if  a  fk«she( 

should  happen.    Or,  cribs  ehown  in  plan  at  cc,  Fig  8,  loaded  with 

stone, may  be  sunk,  leaving  one  or  more  intervaU.  like  that  at  oooo, 

between  them,  for  the  free  escape  of  the  water.    These  openings  to 

be  finally  closed  by  floating  into  them  closing-cribs  shaped  like  n. 

The  workmanship  of  a  dam  in  deep  water  can  of  course  be  much 
better  executed  in  coffer-dams,  than  br  merely  sinking  cribs.  The 
Joints  eaa  be  made  tighter :  the  stone  filling  better  packed ;  the  sheet 
piling  more  closely  fitted,  kc. 

When  a  very  uneveti  rock  bottom  in  deep  water,  or  the  introduc- 
tion of  sluices  in  the  dam,  or  any  other  considerations,  make  It  ex- 
pedient to  build  dams  within  coffer-dams,  both  should  be  carried  on 
in  sections;  so  as  to  Icnvt'  p:in  of  the  channel-way  open  for  the  es- 
cape of  the  water.      C    i::!,',(  :.  Mi,_  r;i  cli.'  .  ^■  1  '.rl:  vi;.,,-,  ,    l\,.    \]r<-    ,,.,.(1 

say  qaarter  way  or  D)  _  

ing  eofl^r-dam,  ample  AluiG«<>  ^ikuuiA  b«  left  fur  Ui«  n.««i  w  Uow  Uirou|{li  wti«tt  we  MOM  to  lialld  ttia 
doting  section  of  th^  coffer-dam.  Whan  the  dam  baa  been  flnlsheoT  these  siniees  may  b*  closed 
by  drop-tlmberg*.  Before  removing  one  section  of  ooflbr-dam.  the  outer  and  of  the  andosed 
section  of  dam  itself  iftust  be  firmly  finished  in  such  a  manner  as  to  constitute  a  part  of  tba  isner 
end  of  the  next  section  of  coffer-dam.  It  is  impossible  to  give  details  for  every  contingenoy ;  the  en- 
gineer mnst  rely  npon  his  own  ingenuity  to  meet  the  peculiarities  of  the  case  before  him.  In  some 
eases  of  shallow  water,  mere  mounds  of  earth  may  answer  for  coffer-dams;  or  rpugh  «tone  mounds, 
backed  with  earth  or  gravel. 

Afiv-  •^^  -nfer  has  pK^-p^l  V.t'vond  the  crest,  c  in  the  figs,  there  Is  no  necessity  for  preventing  its 
leaking  down  nmnnp;  tlie  crib  tiiiibers :  on  the  contrary,  the  thick  sheeting  planks,  (or  squared  tim- 
bers, as  occasion  may  require.)  ci,  Figs  4  and  6,  which  form  the  slopes  along  which  the  water  then 
flows  in  some  dams,  are  usually  not  laid  close  together,  but  with  open  joints  of  about  H  inch  wide  ba- 
tween  them,  for  the  express  purpose  of  allowing  part  of  the  water  to  fall  through  them,  so  as  to 
keep  the  timbers  beneath  them  partially  wet;  which,  to  some  extent,  renders  them  more  durable.  In 
Figs  1,  *,  6,  and  7,  the  water  of  the  lower  pool  flows  freely  back  among  the  crib  timbers,  and  rough 
quarry  stones  with  which  the  cribs  are  filled  either  partly  or  entirely.  In  Figs  4  and  8,  these  stonas 
are  not  shown.  In  the  dam.  Fig  1,  none  were  used.  In  Fig  2,  they  were  as  shown. 
'  A  substantial,  and  not  very  expensive  dam  of  the  form  of  Fig  7,  may  be  built  of  rough  stone  in 
cement.  Some  hewn  timbers  should  be  firmly  built  horizontally  into  "the  masonry  of  the  sloping 
back  c  n  tt>,  at  a  few  feet  apart,  with  their  tops  level  with  the  surf  of  the  masonry,  To  these  most  ba 
well  spiked  close-jointed  sheeting- plank  en  to,  for  protecting  the  masonry  from  ibe  action  of  the 
water,  and  of  floating  bodies.  The  gravel  backing  6,  may  be  omitted  ;  but  the  sheet  piles  p,  and  an 
ipron  in  front  of  the  dam,  will  be  as  indispensable  in  yielding  soils,  as  if  the  dam  were  of  timber. 

Figs  1,  2,  4,  6.  and  7,  are  sections  drawn  to  a  scale,  of  existing  dams  In  Pennsylvania,  that  havt 
stood  successfully  the  force  of  heavy  freshets  for  a  long  series  of  years. t  These  freshets  at  times  carry 
along  large  bodies  of  ice,  trees,  houses,  bridges,  ko. ;  and  have  risen  to  11  ft  above  the  crests.  Fig  1, 
on  the  Sch  Nav,  was  built  in  1819,  and  served  perfectly  for  39  years,  until  in  1858  the  decay  of  much 
of  its  timber,  especially  of  the  close-laid  top  ones,  e,  rendered  it  necessary  to  build  a  new  one  just  in 
front  of  it.  It  was  of  extremely  simple  constrnction  ;  and  was  never  filled  with  stone.  The  bottom  tim- 
bers. 0  0, 10  ft  apart,  were  bolted  to  the  rock  ;  and  immediately  over  each  of  them,  was  such  a  series  of 
inetined  timbers  as  is  shown  in  the  fig.  The  top  ones,  e,  however,  were  close  jointed,  and  laid  touchlni^ 
BO  as  to  form  the  top  sheeting.  Instead  of  thinner  planks.  The  nhort  pieces  at  t  were  laid  in  the  samt 
way.  No  coffer-dam  was  used ;  but  the  bottom  pieces  were  Srst  bolted  to  the  rock  ;  10  ft  apart ;  then 
the  stringers  and  the  sloping  pieces  were  added.  The  close  covering  (e)  was  carried  forward  from 
each  end  of  the  dam,  until  at  last  a  space  o'  only  about  60  ft  wa^i  left  In  the  center,  for  the  water  ta 
pass.  The  close  covering  for  this  space  being  then  all  got  ready,  a  strong  force  of  men  was  set  to 
work,  and  the  spaoe  was  covered  so  rapidly  that  the  river  had  not  time  to  rise  snfllolently  high  ta 
impede  the  oparatioo. 

•  Timbers  ready  prepared  for  closing  an  apening  through  which  water  Is  fiowing ;  and  suddenly 
iiropp«d  into  plaee  by  means  of  grooves  or  guides  of  some  kind  for  retaining  them  in  position.  %ty- 
oral  sneh  timbers  may  at  times  be  firmly  framed  together,  and  then  be  all  dropped  at  once ;  olosing 
the  epeaing  or  sluice  at  one  operatioo ;  espeelalty  when  ft  is  ef  amatl  aise.  Ill  mum  M«p,  *  erio 
nay  he  sunk  on  the  oj^stream  aide  of  such  an  opeuing,  for  dosing  it. 
t  Those  on  the  BehnylkiU  Navigation  were  obligiDgly  fumisbad  by  Jamas  F.  Smith.  Bsq.  oUaf 
.  toglneer  and  superiatwdeni  of  that  werk.  Olhar  raluable  iaformatkm  tfm^  iha  same  aouvea  «|ft 
ha  fbund  In  difiiBrent  parts  of  this  Toluma.  ^-^  . 
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Vlf  S  to  «  OMMlftodmr  damon  tlM  Jantota.  Here  ••are  tlmbera  etreteblng  elear  aeroes  the  streMii 
(about  900  ft.)  and  enataining  the  apron  a  a,  of  stout  hewn  timber*  laid  toaohinc-  Thto  4am  waa  filled 
witk  eteM.  for  the  feteatiaa  of  whieh  the  front  sbeeanc  plaalu  were  added. 

yig  8  to  on  tbe  Sob  Nav  ;  wae  built  in  1856.  It  is  a  form  muob  approved  of  on  that  work,  fbr  toeh 
•Itaatioiie;  namelj,  firm  rook  foondation,  with  a  oonaiderable  depth  of  water  in  front.  The  higbeet 
dam  (12  ft)  on  tbe  Sob  Nav.  to  verj  similar  (o  it;  built  in  1851.  All  the  dams  on  thto  work  are  of 
hewn  timber,  ehieflj  while  and  yellow  pine.  The  water  oooaalonally  runs  t»om  8  to  IS  fbet  deep  over 
their  eresu ;  and  then  orerfiows  and  surrouods  many  of  tbe  abato.  Tbe  vertioal  baok  allows  the 
orerflowing  water  to  leak  down  among  all  the  lower  timbers  of  the  dam.  and  thus  tend  to  their 
freeervation. 

Fig  4  shews  tha  dams  on  the  Monongahela  slaokwater  navigation ;  W.  llilnor  Roberto,  eng.  They 
are  of  ronnd  logs,  with  the  barit  on :  flattened  at  eroasings.  Tbe  longest  ones  in  the  fig  are  10  feel 
apart  along  the  length  of  the  dam.  Kzperienoe  shows  thai  saoh  dams  possees  all  the  strength  neosa- 
aarj  fbr  violent  streams.    On  rook,  the  lowest  timbers  are  boltad  to  it. 

rig  7  has  been  saoeeesfbUy  used  to  beighu  of  40  ft.* 

fig  •  to  iniended  merely  as  a  bint  for  a  very  low  dam  on  yiddtng  bottom,  tu  main  sapports  ara 
piles  ti,  from  i  to  6  ft  apart,  aooording  to  the  height  of  the  dam;  and  other  oircnmsunoes ;  and  If 
ard  short  piles  tbr  sustaining  tbe  apron  dd.  It  may  be  ezieoded  to  greater  beighu  by  adding  bracee 
la  m>Bt ;  whloh  may  be  eevered  by  stoat  plaaks,  to  fsrm  an  inelined  slide  for  the  overfilling  water. 
Maby  eflbetive  arraagemeats  of  piles,  and  sloping  timbers  for  dams  on  soft  graond,  will  suggest  them* 
aetoes  to  the  ei^aeer.  Thus,  at  intervals  of  several  fset.  rows  of  S  or  more  piles  may  be  driven  trans* 
vefsely  of  the  dam :  the  lop  of  the  eater  pito  of  eaeh  row  being  toft  at  tbe  Inteaded  height  of  tbe  erest, 
wMle  thoee  ttshlnd  are  soooeesiTely  driven  lower  and  lower;  eo  that  when  all  are  afterward  eoa- 
nested  by  traasverse  and  loailtadlnal  Umbers,  and  eoirered  by  stout  planking,  and  gratal.  they  will 
foita  a  dam  sassewbat  of  the  triaugalar  farm  of  fig  T.  It  would  be  well  to  drive  the  piles  with  an 
tadlination  of  their  tops  np  stream. 

There  to  moeh  seope  for  ingenuity  both  In  deeigniag,  and  ia  eonstnieting  dams  under  ririoas  eir- 
enmstanoes ;  And  in  taming  tbe  eourse  of  the  water  ftom  one  channel  to  another,  by  means  af  ditehes, 
pifea,  or  troughs,  4e.,  at  dlflr  heights ;  aided  at  tlmea  by  low  temporary  dams  or  mounds  af  earth :  or 
af  eiaat  pites,  *e  i  or  by  eolkr^dams ;  so  aa  to  keep  it  away  flrom  the  part  being  built,  laah  loeality 
wlli  have  ito  peaultor  toataree »  and  the  eagiaear  mnst  depand  ott  hto  Judgment  to  make  tha  most  of 
thfta. 

AbiitnieiitB  of  dams  m  a  general  mle  should  not  contract  tbe  natural 


width  of  th«  stream  :  or.  if  tber  must  do  so,  an  littto  as  poosibie;  for  oeatradtioBa  Insfeaee  tbe  height, 
and  vioteace  of  tb«  overfiowiog  water  ia  time  of  fTeebeto;  daring  Which  a  gneat  length  af  orerfaU  to 
••peaially  deairable.  Thej  ihould  b«  v«rj  firmly  eoaaeeled  wHh  the  ends  of  thedanei  andehould, 
if  the  leotiuD  of  tbe  Tnlley  admits  of  it.  be  so  high,  and  carried  so  fbr  inland,  that  tbe  bigh  water 
of  freriheta  will  not  iweap  either  orer  them,  or  uronad  thair  eRtrahltttoa{  aiMlfhJU  sMaagftander* 
miDiog,  and  deitruoiloa.  In  wide,  flat  vallejs  they  oannot  be  so  eztenaed  wltbotat  toomuch  ex- 
pease;  aad  the  onU  alternative  ia  to  fouoi  them  so  deeply  and  seonrely  as  to  withstand  such 
aottoQ ;  making  their  beight  aacb  that  they  will,  at  leaSt.  be  ovarftowed  bat  sMdem.  Their  aadd 
adjaoeat  to  tha  dam,  ahouid  be  rounded  otf,  ao  as  tO  fairilUate  the  flow  of  tbe  water  over  the  crest. 

Tbey  are  beat  built  of  large  atooe  in  cement;  for  altbou^  safllcient  strength  may  be  secured  hy 
timber,  that  material  decaja  rapidly  in  such  expoeuree.  If  of  earth  only,  they  are  rery  apt  to  ba 
earried  away  if  a  freahet  abonld  overtop  them. 

Slalces  should  be  placed  In  every  fniportaiit  dam,  in  order  thai 

all  the  water  may  be  drawn  off,  if  necessary,  far  the  purpoee  of  repairs;  orofremovlnc  mud  deposits ; 
or  finding  loat  articles  of  importance,  Ac.  They  may  be  merely  strong  boxings,  with  floor,  sides,  and 
top  of  squared  timbers ;  and  passing  tbrouxh  tho  brwadthof  tbe  dam,  Jaat  above  the  bottola.  To  pre* 
vent  trees,  &e,  from  entering  and  litlclcing  fast  ia  them,  some  kind  of  stroiag  screen  to  expedient,  la 
oommon  cases  a  sluice  ahouid  not  exceed  about  S^  ft  by  5  ft  in  cross-section:  otherwise  it  beoomes 

bard  to  work.     Two  or  more  such  opviiing  -' "^  — *■ —  ' *■ "       '    "-^  -  •-  •      **^-^ 

ihoutd  be  near  tbe  abutmeots.     The  i^&len 


bard  to  work.    Two  or  more  auob  opviiinga  may  be  vMed  when  much  wat^r  is  to  be  voided.    Thf^ 
'-'-'^ '"-'-"--  -- •-■-- valvar' • ' '^ — .-    ..^ —    .».     .^  ,._  _.  .,^_ 


alves  for  opening  and  shotting  tbem,  should  be  at  the 
ilattoaa  of  mod.  *o.  will  flU  the  slaiMs,  aad  prevea) 
r:  aad  slide  rartioally  la  rebates;  being  raised  and 


B  rartioally  la  rebates ;  being  r 

.  .^ed  bj  rack  aud  piuiou ,  Lu:  :u  ,  ^ry  iiup-rioint  dams  they  may  be  of  east  Iron.  Two  seto  of  slalcM 

•re  deslrabto ;  that  ooe  may  be  always  ready  for  u%e  If  tbe  other  la  stopped  for  repairs. 
Tbe  part  of  tbe  aproo  in  flroat  of  the  sluice  shoald  be  parttoahtrly  arm.  ao  as  not  to  be  deranged  by 

tha  water  rushing  out  under  a  bigh  bead. 

B»iKS  »re  •ometlmes,  hat  rarelsr,  built  fn  the  rornt  of  an 
areli|  conTez  ap  stream.  This  form  is  stronf ;  and  when  the  shores  are  of  rock 
h  may  be  ezpadtont  to  ase  it :  bat  if  tba  banks  are  edfl,  they  will  be  expoeed  to  wear  by  the  earrsai 
thrown  egainst  them  at  the  abau  of  the  arob. 

At  times  dams  are  ballt  obllonely  a«raM  tHe  stream,  with 

tlw  ahtoat  of  ineraaalng  the  toagtb.  aad  crtaseqaentTy  fadaalag  the  depth  of  water  over  the  erest  in 
Hases  of  freshets.  The  argament,  however,  appears  to  she  writer  to  be  of  hot  Httle  weight.  Ittasmveh 
ta  tbe  redaction  of  depth  weald  extend  bat  a  trifling  dlsunce  ap  stream  from  tbe  dam ;  and  would 
ttarefore  searoely  hare  an  appreciable  effect  in  diminishing  the  ifijurv  tothe  overflowed  district  above 
MoreoTer.  the  increased  expense  is  probably  always  more  than  ooinmenstirate  with  any  advaatagi 


» €«at  of  erlb  dams*  With  common  labor  at  fl  .50  pvr  day ;  lumber,  fSO  par 
0  ft.  beard  meaeare.  dellva#ed ;  atone  for  flIUng,  SI  per  sub.  yard :  graval  60  oente  per  eab.  yd. ; 
a  Ibr  bolts,  etc.,  4  au.  per  lb.,->saoh  dams  ia  shallow  water  usuaUy  oeet,  eomptoie  'vem  •  to  IS 
m  per  eaMc  foAt.  or  $S.4S  to  $S.M  par  eobto  yard  of  erlb. 
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Figs.  9  and  10  are  desigrns  for  small  ineasnrlngr  weirs,  suitable  for 
Shallow  streams  up  to  say  100  feet  wide ;  Figs.  9  for  earth  or  gravel  bottom,  and 
yj^.  10  for  rock. 

In  the  former,  the  8  X  10  inch  hemlock  sills  S^  and  S,  are  first  laid  across  the 
bottom  of  the  stream,  which  is  trenched  where  necessary ;  care  being  taken  to 
lay  Sj  in  a  true  line.  The  sills  should  extend  say  from  5  to  10  feet  into  eacb 
bank  ef  the  stream.    Tongued  and  grooved  sheet  piling  P,  of  3  X  10  inch  hem- 
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Vtgs,  9» — Meaeurtng  Weir  on  Earth  or  Oravel  Bottom, 

lock,  is. then  driven  close  behind  the  upper  sill  S^  to  a  depth  of  ftrom  two  to  four 
feet,  and  spiked  to  S^.  A  third  sill,  S,,  of  the  same  length  as  Sj  and  S„  is  then 
laid  beihthd  the  sheet  piling;  and  the  two  sills  S^  and  S,  and  the  sheet  piling  P 
are  then  secured  together,  as  shown,  by  1  inch  bolts,  spaced  about  2  feet  apart 
The  tops  of  the  sheetpiling  project  about  a  Toot  above  the  sills,  and  are  stiflfened 
by  4  X  4  iijch  timbers  w,  bolted  in  front  of  them  and  resting  upon  the  flooring 
/  of  2  X  lO.lnch.  spruce.  This  flooring,  like  the  sills,  extends  several  feet  beyond 
each  end  of  the  weir-  into  the  bank,  and  is  there  loaded  to  its  full  capacity  with 
heavy  stones.  Any  spaces  left  underneath  it  by  unevenness  of  the  bottom  should 
^so  oe  leveled  up  with  stones  or  gravel. 

A  10  X  10  inch  yellow  pine  post  M.  3  feet  high,  is  tenoned  between  sills  S,  and 
S.  at  each  end  of  the  overflow,  and  braced  by  an  g  x  10  inch  vellow  pine  strut 
N,  tenoned  to  it  and  to  the  sill  S,.  Beyond  these  posts  the  sheet  piling  P  extends 
as  high  as  the  top  of  the  posts,  and  is  carried,  at  that  height  into  the  bank ;  the 
tops  of  the  piles  beine  held  in  line  by  two  2X8  inch  waling  pieces  u  v  bolted  to 
them,  one  on  each  side. 

In  Figs,  ro,  the  hemlock  sHJe,  Sj  of  10  x  1 0  inch,  and  8,  of  6  X  «  inch,  rest  upon 
a  Portland  cement  masonry  wall,  of  varyini^  height  to  accommodate  the  ia- 
equalities  of  the  rock  bottom ;  and  are  secured  to  it  by  1  inch  bolts  spaced  about 
4  feet  apart.  These  bolts  pass  down  through  the  masonry,  as  shown,  and  a  foot 
or  more  into  the  rock  below. 

Between  the  two  sills  are  bolted  upright  3  X  10  inch  tongued  and  grooved  hem- 
lock planks  P,  IS  inches  long.  At  each  end  of  the  weir,  a  10  x  10  inch  yellow  pine 
post  M  is  tenoned  between  the  sills,  as  in  Figs.  9,  and  built  into  the  masonry 
ends  of  the  dam.  which  last  extend  well  into  the  banks  of  the  stream. 

In  both  Figs,  the  crest-piece  a,  is  of  2  X  8  inch  oak,  beveled  so  as  to  leave  a 
horizontal  top  face  V^  inch  wide.  The  crest-piece  is  l€^t  in  flush  with  the  back  of 
the  piles  or  boards  P,  to  which  it  is  bolted,  and  is  let  into  the  end  post«  M  about 
2  or  3  inches.  At  low  stages  of  water,  the  flow  may  be  confined  to  a  portion  of 
the  length  of  t^e  overfall  by  flash-boards  placed  along  the  rest  of  the  dam. 

A  crest'plece  made  of  8  X  K  inch  bar  iron  is  preferable  to  one  of  wood.  It  re- 
quires of  course  much  less  cutting  away  of  the  sheet-piling,  and  Its  upper  edge  is 
less  subject  to  abrasion  bv  drift  passing  over  the  weir.  The  top  edge,  and  the  abut- 
ting ends  of  the  several  lengths,  should  be  planed  smooth  and  square ;  the  former 
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to  insure  a  thtap  inner  comer  at  a  for  the  water  to  patt  uvtff,  and  the  latter  in 
order  to  avoid  leakage.  As  a  further  precaution  asainst  leakage/ a  strip  or  butt- 
strap  of  8  X  ^  inch  iron,  about  a  foot  long,  may  be  let  in,  between  the  creat^piee^ 
and  the  eheel  pU-iing,  opposite  each  joint  of  the  former,  and  overiapping  both  the 
adjoining  ends,  the  piling  being  cut  away  Vi  inch  deeper  at  those  points,  in  order 
to  accommodate  them,  buch  butt-straps,  if  placed  on  the  i^Hstream  side  of  the 
crest-piece,  would  break  the  continuity  of  the  sheet  of  water  passing  over  the 
weir,  and  thus  interfere  somewhat  with  the  correctness  cf  the  gauging.  6uch 
iron  is  obtainable  in  any  commercial  center,  in  lengths  of  about  16  feet.  8  X  M 
weighs  6%  pounds  per  running  foot;  8X^8^  pounds. 

All  the  joints  should  be  caulked  with  oakum.  To  apply  the  usual  weir  formulsB 
(see  Art  14/,  p.  M8)  the  back  of  the  weir  should  be  vertical  for  a  depth  p  below 


FiffB,  10.-'M'ea9urinff  WHr onJRoeh  Bottom* 

the  crest  a  equal  at  least  to  twice  the  head  H  on  the  weir.  It  is  tlierefore  better 
V>  protect  the  back  of  the  weir  by  tarpaulin  rather  than  resort  to  puddling,  ex- 
cept close  to  the  bottom. 

In  a  long  weir  with  a  low  fall,  it  is  difficult  to  secure  a  sufficiently  free  access 
of  air  to  the  space  behind  the  falling  sheet  of  water,  especially  when  the  stream 
is  low.  and  the  sheet  tends  to  hug  the  face  of  the  dam.  In  such  cases  a  partial 
vacuum  *  forms  between  the  falling  sheet  and  the  face  of  the  dam,  and  increases 
the  discharge,  thus  vitiating  the  results.  It  is  therefore  important,  in  designing 
measuring  weirs,  to  arrange  (as  far  as  possible)  so  that  the  sheet  of  water  may 
fall  clear  through  the  entire  distance  between  the  up-stream  and  down-stream 
levels  without  striking  any  portion  of  the  weir  itself,  for  such  striking  would 
diminish  the  clear  space  benind  the  sheet  and  increase  the  difficulty  of  pre- 
venting a  vacuum  there. 


•  Such  a  vacuum  causes  the  down-stream  water  near  w,  Pigs.  9,  to  rise  behind  the 
sheet.  When  the  rarefaction  of  the  air  behind  the  sheet  has  proceeded  to  a  certain 
extent,  the  external  air  breaks  in  and  relieves  the  vacuum.  Then  another  vacuum 
forms,  and  is  in  turn  relieved,  and  so  on,  alternately.  At  such  times  it  has  been 
noticed  that  lijfbt  bodies,  such  as  chips,  etc.,  floating  in  the  down-stream  water  near 
the  ends  of  the  weir,  are  drawn  into  the  space  behind  the  sheet  and  carried  toward 
the  middle  of  its  length,  and  then  in  turn  ejected  at  the  point  where  they  entered, 
thus  traveling  back  and  forth  along  the  space  behind  the  sheet. 
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Tr«mbllttn  Im  Damii.  D«im  oTer  wkioh  tfae  water  fklls  In  e  )oft» 
smooth,  anlnr<wen  iheet  of  coDsidenible  height,  are  more  or  leaa  sutiject  to 
trerabtings,  caused  aptparently  by  alternate  compression  and  rarefaction  of  the 
ail  bf  the  falling  sheet,  especially  in  the  space  (W,  Fia.  20,  p.  M7)  behind  the 
sheet,  where  a  partial  Tacuum  is  often  formed.  beoMise  the  air  there  is  entangled 
in  the  falling  water  and  eiTon  off  again  by  it  down  stream  in  the  i»hape  of  foam. 

Such  tremblings  somenmee  cause  a  rattling  of  windows  halt  a  mile  or  more 
away.  We  have  known  this  to  be  stopped  (in  one  case  unintentionally)  bv  build- 
ing a  well'^overed  wide  crib  apron,  a  few  feet  high,  against  the  front  of  tne  dam, 
for  preventing  the  abrasion  of  the  bottom.  In  other  taset  te  series  of  oblique 
timbers  placed  against  the  front  of  the  dam,  and  part  way  up  it,  at  a  slope  of 
about  1^  to  1,  and  covered  with  plank,  has  been  perfectly  eff^etive  in  stopping 
it.  In  short,  any  device  whieh  admits  air  more  f^reelr  behhid  the  fklling  sheet, 
or  destroys  the  continuity  of  the  latter  (such  as  flash  Soards  of  different  heights 
or  placed  at  intervals  along  the  crest),  or  which  reduces  its  height  and  its  con- 
tinuous length,  ought  to  diminish  or  ooTiate  the  trouble. 

The  proper  ttlii«  for  bnildins  dams  is  of  course  at  the  longest 
period  of  low  stage  of  water. 


Table  ofthlekMesg  of  white  pine  plank  i*eqitlred  not  to  bend 
more  tban  zhipmrt  of  Its  clear  lioriMontal  streteli,  nndei 
different  lieads  of  water.   (Original.) 
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CoMMiv^pttoii  of  w»ier«  Owiog  largelf  to  the  proper  extension  of  the 
use  of  water  ia  dwellings,  the  quantity  required  in  oitiee  increases  faster 
than  the  population.    In  other  words,  the  per  capita  consumption  increases. 

Use.  Abundant  experience  shows  that  a  supply  of  50  callous  (or  say  7  cubic 
feet)  per  capita  per  day  is  abundant  for  all  the  needs  and  luxuries  oi  well-to-do 
families  iu  American  cities.  The  mauufacturiug  consumption,  of  course,  bears 
no  iixed  relation  to  tlie  population,  tn  cities  It  is  generally  much  less  than 
thedomestic  coosumption. 

Waste.  In  American  cities^  the  waste  often  amounts  to  two  or  three  times 
the  quantity  really  used.  Of  the  116  gallons  per  capita  per  day,  delivered  in 
New  York  in  1899,  Mr.  Freeman  *  estimates  that  from  81  to  56  gallons  were  used, 
19  unavoidably  wasted,  and  from  60  to  75  avoidably  wasted. 

In  Philadelphia,  investigations  by  means  of  the  Deacon  waste-water  detector, 
on  143  modern  sevennroom,.  two-story  dwellings,  with  bath,  etc.,  on  two  inter- 
mediate streets,  showed  that,  of  222  gallons  per  capita  per  dav,  furnished  through 
783  fixtures,  192  gallons,  or  86.5  per  cent,  were  wasted,  and  only  80  gallons,  or 
13.5  per  cent,  were  used.  The  City  is  now  building  enormous  works  for  the 
purpose  of  pumping,  filtering,  conveying,  repumping,  storing,  and  distributing 
the  water  wasted,  as  well  as  the  smaller  quantity  u»ed.  Of  the  total  oofit,t  less 
than  half  would  have  sufficed  for  the  water  uned  and  unavoidably  wasted. 

ik>urees  of  waste*  The  waste  is  caused  by  heedlessness ;  by  allowing 
water  to  run  to  waste  in  <»der  to  prevent  it  from  freecing  in  winter  and  in  order 
to  get  cooler  water  in  summer}  by  leaky  and  otherwise  defective  fixtures;  by 
unsuspected  leaks  in  mains  and  servioe  pipes,  eto. 

As  a  **guess4  tempered  by  judgment,"  Mr.  Freeman*  olaasifles  the  50  to  75 
gallons  per  capita  per  day,  wasted  in  New  York,  as  follows: 

Leaks  in  mafas 10  to  16  gals  per  capita  per  day. 

*'      servioe  pipes 10  to  19    "  "  " 

**       defodlTe  plumbing 19  to  26    "  "  " 

Careless  and  wUftil  waste 14  to  17    *'  <*  " 

The  avoidable  waste  is  nsuallT  perpetrated  by  a  small  fraction  (say  from  one- 
fifth  to  one-third)  of  the  population,  the  remainder  using  water  reasonably.  In 
the  Philadelphia  case,  above  cited,  of  the  782  fixtures,  22  were  found  to  be 
**  leaking  sHghtly,"  and  32  "  turned  on  continually." 

Waste  resirletlon.  Water  meters.  Waste  is  best  restricted  by 
nutking  its  avoidance  a  pecuniary  object  to  the  consumer;  and  this  is  best 
accomplished  by  the  use  of  the  water  meter,  at  least  on  all  services  (domestics 


industrial,  and  public)  where  waste  is  found  to  be  going  on.    The  meters  should 
be  owned  and  maintained  by  the  corporation  supplying  the  water. 

Btlnlfnam  chargre.    In  order  to  encourage  the  liberal  tae  of  water,  w 
discouraging  its  waste,  and  thus  avoid  undue  economy  (tending  to  uncleauliness) 


,  while 


each  consumer  should  be  charged  a  minimum  periodical  rate,  sufficient  to  cover 
amply  all  the  water  be  can  possibly  use  and  eniov. 

Mr.  Freeman*  estimates  the  average  cost  of  domestic  meters,  for  New  York 
and  Brooklvn,  mostlv  5-8  Inch  and  8-4  inch,  with  a  few  of  larger  sizes,  at  $12.50 
each,  and  the  cost  or  installation  by  the  city,  working  systematically  and  on  a 
large  scale,  at  92.50  each,  or  a  total  of  $15.00  each.  He  assumes  "the  average 
life  of  the  ordinary  domestic  meter,  of  a  good  type,  well  cared  for,  and  with 
occasional  repairs  and  renewal  of  worn  parts,"  at  "not  far  from  20  years";  and 
annual  expenses  as  follows : 

Providence,  R.  I.       New  York. 
Actual,  approx.         Assumed. 

Intereet  on  cost  of  meter  and  setting $0.50  $0.45 

Depreciation  and  renewal  of  meter  (life  assumed 

20  years) 0.75  0.75 

Marinteuance  and  repairs,  testing  and  resetting 0.46  0.70 

Beading  meters  and  eomputing  Dills 0.42  0.60 

Total  annual  cost,  per  meter $2.18  $2.50 

»  Report  upon  New  York's  Water  Supply,  made  to  Bird  8.  Coler,  Comptroller, 
by  John  R.  Freeman,  Civil  Engineer,  1900. 
t  The  total  cost  may  reach  $20,000,000.  ^  , 
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Free  water  for  fire  protection.  Cities  sometimee  giro  to  manufac- 
turers a  free  supply  of  water  through  special  comiections,  to  oe  used  for  fire 
protection  only ;  the  manufacturer  giving  bond  not  to  use  such  connection  for 
any  other  purpose,  and  the  city  placing  a  meter  on  the  connection  for  the  detec- 
tion of  any  illicit  use  of  the  water  for  other  purposes. 

Water  for  city  n«e  siionld  not  be  drawn  from  the  iN^ry  bot- 
tom of  tbe  reservoir,  because  it  will  then  be  apt  to  carry  along  the  sedi- 
ment ;  which  not  onlr  injures  the  water,  but  creates  deposits  within  tbe  pipes; 
thus  obstructing  the  flow.  In  fixing  upon  tire  necessary  capacity  of  a  reserroir. 
this  must  be  taken  into  consideration ;  inasmuch  as  all  the  water  below  the  level 
for  drawing  off,  must  be  regarded  as  lost.  When  circumstances  justify  the  ex- 
pense, it  is  weU  to  curve  up  the  reservoir  end  of  the  service  main,  so  as  to  pro- 
vide it  with  valves  at  different  heights:  for  drawing  off  only  the  purest  stratum 
that  may  be  in  the  reservoir.    With  tnis  view,  the  valve-tower  gen- 

erally has  such  valves  communicating  with  the  water  in  the  reservoir;  and  by 
this  means  only  the  purest  is  admitted  into  the  tower:  and  from  it^  into  the 
city  pipes.  This  refinement,  however,  is  rarely  practicable.  Such  valves  most 
of  course  be  worked  by  watchmen. 

Art.  1.  Reservoirs.  In  important  reservoirs  of  earth,  for  storing  water 
to  moderate  depths  for  cities,  expenenoe  appears  not  to  sanction  dimensions 
bolder  than  10  feet  thick  at  top ;  inner  slope  2  to  1 ;  outer  slope  l]4  to  1.*  A  top 
width  of  15  feet  to  20  feet,  ana  inside  slopes  of  8  to  1,  are  adopted  in  some  im- 
portant cases ;  with  outer  slopes  of  2  to  1.  Both  slopes,  liowever,  are  at  times 
made  only  1}4  to  1.  The  level  water  surface  should  be  kept  at  least  3  or  4  feet 
below  the  top  of  the  embankment ;  or  more,  if  Hable  to  waves.  In  a  large 
reservoir,  a  quite  moderate  breeze  will  raise  waves  that  will  ruii  3  f^t  ^measured 
vertically)  up  the  inner  slope.  A  low  wall,  or  close  fence,  tr,  Pi^.  87,  is  some- 
times used  as  a  defence  against  them.  The  top  and  the  outer  slopes  should  be 
protected  at  least  by  sod  or  by  grass.  To  assist  in  keeping  the  top  dry,  it 
should  be  either  a  little  rounding,  or  else  sloped  toward  the  outside.f  The  soft 
soil  and  vegetable  matter  should  be  carefully  removed  firom  under  the  entire 
base  of  the  embankments ;  which  should  be  carried  down  to  soil  itself  imper- 
vious to  water,  in  order  that  leakage  may  not  take  place  uitder  them.  To  aid  in 
this,  a  double  row  of  sheet  piles,  or  a  sunk  wall  of  cement  masonry,  carried  to 
a  suitable  depth  below  the  bottom,  may  be  placed  along  the  inner  toe  in  bad 
cases.  If  there  are  springs  beneath  the  base,  they  must  either  be  stopped,  or 
led  away  by  pipes.  The  embankment  should  be  carried  up  in  layers,  sIlghtlT 
hollowing  toward  the  center,  and  not  exceeding  a  foot  in  thickness ;  and  aU 
stones,  stumps,  and  other  foreign  material,  such  as  clean  gravel,  sand,  and  de- 
composed mica  schists,  dc,  that  may  produce  leakage,  carefiuly  excluded.  Thepe 
layers  should  be  well  consolidated  by  the  carts ;  and  the  easier  the' slopes  are, 
the  more  effectively  can  this  be  done.  The  layers,  however,  should  not  be  dis- 
tinct, and  separated  by  actual  plane  surfaces:  but  each  succeeding  one  should 
be  well  incorporated  with  the  one  below.  Tnis  has  sometimes  been  done  by 
driving  a  drove  of  oxen,  or  even  sheep,  repeatedly  over  each  layer ;  in  addition 
to  the  carting.  Boilers  are  not  to  be  recommended,  as  they  .tend- to  produce 
seams  between  the  lavers.  This  might  possibly  be  obviated  by  projections  on 
the  circumference  of  the  roller. 

Gravelly  earth  is  an  excellent  material,  perhaps  the  best.  The  choicest 
material  should  be  placed  in  the  slope  next  to  the  water;  and  should  be  de- 
posited and  compacted  with  special  care  in  that  portion,  so  as  to  prevent  the 
water  from  leaking  into  the  main  body  of  the  dam,  and  thus  weakening  it.  It 
is  not  amiss  to  introduce  a  bench,  b.  Fig  37,  in  the  outer  slope,  to  duninish 
danger  from  rainwash  by  breaking  the  rapidity  of  its  descent 

If  the  bottom  of  the  reservoir  itself  is  on  a  leaky  soil,  or  on  fissured  rod^ 
through  the  seams  of  which  water  may  escape,  it  must  be  carefully  coverea 
with  from  1}^  to  3  feet  of  good  puddle;  which,  in  turn,  should  be  protected  from 
abrasion  and  disturbance,  by  a  layer  of  gravel ;  or  of  concrete,  dther  paved  or 
not,  according  to  circumstances. 

*  The  writer  suggests  that  a  top  width  equal  to  2  feet  +  twice  the  square  root 
of  the  height  in  feet,  will  be  safe  for  any  height  whatever  of  reservoir  properly 
construct^  in  other  respects. 

t  Some  engineers  slope  the  top  toward  the  mtid4. 
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Beservolrs  cowtrseted  with  the  foregoing  diaeailoni,  and  with  care,  «mw 
remain  safe  for  an  indefinite  period;  but  where  serioas  damage  would  resalt 
from  failure,  the  following  addltiOBiil  preeiuitloiM  should  be  taken. 
The  inner  slopes  should  be  carefully  faoed  up  to  the  rery  top,  with  at  least  a 
close  dry  rubble-stone  pitching,  not  less  than  15  to  18  inches  thick :  as  a  protec- 
tion against  wash,  and  against  mnskrats.  Theee  animals,  we  believe,  always 
oommence  to  burrow  under  water.  If  the  slopes  are  much  steeper  than  2  to  1, 
this  dry  pitching  will  be  apt  to  be  overthrown  by  the  sUding  down  of  the  soft- 
ened earth  behind  it,  if  the  water  in  the  reservoir  should  for  anr  cause  be 
drawn,  down  rather  suddenly.  It  will  be  arach  more  effective,  but  of  coarse 
nM»re  ooetly,  if  laid  in  hydraulic  emnent;  and  still  more  so  if  laid  upon  a  layer 
a  few  inclMS  thick  of  oement-and-trravel  concrete ;  especially  if  tms  last  be 
aiiderlaid  br  a  layer  about  IJ^  to  8  ieet  thick  of  good  paddle,  spread  over  the 
fsoe  of  the  slope ;  the  great  obieot  being  to  protect  the  inner  slope  fremi  actual 
oontaot  with  the  water.  If  this  can  be  e£feotaally  accomplished,  slopee  as  steep 
n  IV^  to  1  will  b^  perfectly  secure ;  for  the  danger  does  not  arise  from  any  want 

-      ,^.„.»^ ^, ,., ._ —    « ._.  — ^Bliouldtoe 

tJTflter  trcm 

^ _^ , J  undermine  the  stone 

dtohing.  Near  the  top,  reference  stuMUd  be  had  to  danger  of  derangement  by 
oe,  f^rost,  rain,  and  waves.  Flat  inner  slopes  tend  not  onW  to  preveut  the  die- 
|dao«nent  of  the  pitching ;  but  incroMe  tne  stability  of  the  embankment,  by 
causing  the  pressure  of  the  wat^  (which  is  always  at  right  angles  to  the  slope) 
to  become  more  nearly  vertical ;  and  thus  to  hold  the  embanknront  more  firmlr 
to<  its  baae  than  if  there  were  no  water  behind  it.  Sometimes  the  toes  of  both 
the  inner  and  outer  slopes  abut  against  low  retaining- walls  in  cement.  This 
gives  a  neat  finish,  and  tends  to  pteservatlon  firom  injory. 

Manv  engineers,  in  order  to  prevent  leaking,  either  throneh  or  beneath  the 
embankment,  oonstmct  a  |»Mdle*wall,  p,  Fig.  87,  of  weU-rsmmed  imper* 

vious  soil,  (graTeily  clay  is  the 
best.)  reaching  from  the  top 
to  several  fleet  below  the  base. 
This  wall  should  not  be  less 
than  6  or  8  feet  thick  on  top. 
for  'a  deep  reservoir;  and 
should  increase  downward  by 
ogTMts  (and  not  by  slopes,  or 
Fig.  37.  batters)  at  the  rate  of  about 

1  in  total  thk)kne-s,  to  8  or  4 
in  depth.  Other  engineers  object  to  these  puddle-walls  ;'«nd  contend  that  leak- 
age should  be  prevented  by  making  both  the  inner  slopes,  and  the  bottom  of  the 
reservoir,  water-tight,  by  means  of  puddle,  concrete,  and  stone  facing  in  cement, 
ae  just  alluded  to.  They  argue  that  if  the  embankment  is  weU  oonstmeted,  it 
is  itself  a  pnddle-waU  throughout 

ITeor  Sao  FruBetoeo,  CiU,  are  twa  eartlieii  reserwotr  dama 
built  about  1864.  one  95  feet  high,  26  on  top,  inner  slope  2.75  to  1,  outer  2.5  to  1. 
The  other  93  high,  25  on  top,  inner  slope  8.B  to  1,  outer  8  to  1.  In  each  the  pad- 
dle-wall is  carried  47  feet  deeper  than  the  base.    Ko  stone  fiwl«g. 

It  is  difliealt  to  prevent  water  nader  Ii1«li  pre««ure  flront 
flndinir  Its  way  tltronfrli  considerable  dlatanees  alonfr  seams 
where  earth  is  in  contact  with  smooth  rock,  wood,  or  metal ;  as,  for  instanoe, 
along  the  eurfisces  of  iron  pipes  laid  under  reservoir  embankments ;  or  along 
the  tie-rods  sometimes  used  through  the  puddle  of  ooflbr-dams ;  and  the  same 
is  apt  to  occur  under  the  bases  of  embankments  which  rest  on  smooth  rock. 
Special  care  should  be  taken  that  the  earth  used  in  such  positions  is  net  of  a 
porous  nature ;  and  that  it  is  thoroughly  oompacted  all  along  the  seam ;  and  the 
straight  continuity  of  the  s^am  should  be  interrupted  or  broken  as  frequently 
as  possible  by  projections.  Faucets  or  flanges  do  this  to  a  limited  extent  in  the 
ease  of  iron  pipes ;  and  something  similar,  but  on  a  larger  scale,  should  at  short 
interval9  be  constructed  in  the  shape  of  collars  or  yokes  of  cement  stonework, 
in  the  case  of  rock  or  masonry. 

It  is  usually  advisable  to  divide  reservoirs  Into  two  parts,  so  that 
while  the  water  in  one  part  is  bein«  drawn  off  for  use,  that  in  the  other  may 
purify  itself  by  settling  its  sediment.  Also,  one  part  may  remain  in  use.  while 
the  other  is  being  cleaned  or  repaired.  Many  days,  or  even  two  or  three  weeks, 
sometimes,  are  required  for  the  complete  settlement  of  the  very  fiife  clayey  par- 
ticles in  muddy  water-,  depending  on  the  depth  of  the  reservoir.  One  or  more 
flichts  of  stfps  to  the  bottom  of  the  reservoir  shon*d  be  provided. 

Mnd  in  Reservoirs.  The  reservoirs  of  the  New  River  Water  Co,  Lon- 
ion,  England,  were  uoioleautd  for  100  years,  during  which^ud  8  feet  deep  waa 
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itposlted,  or  about  sn  inch  amrnany.  At  Philiid«lt»hia  It  is  about  .S6  Inob  pbr 
annum  from  the  Sohuylkill,  and  1  luch  from  the  Delaware  River.  At  St.  Looia, 
Missouri,  about  8  to  4  feet  per  7«ar  I  Vegetation  is  apt  to  take  place  in  riiallow 
reservoirs  and  near  the  edges  uf  deep  ones,  especiailyin  ftrj  warm  weather; 
aod  the  plants,  on  deoaring,  injure  the  water. 

Water  flowing^  uiroaffli  tnarsli  IabcIs  is  aometimee  unfit  for  drinks 
ing  purposes.  That,  fur  instanee,  in  some  sections  of  the  Concord  River,  Massa* 
ohuaetts,  was  reported  by  the  eminent  hvdraulic  engineer,  Loammi  Baldwin,  of 
Boston,  to  be  absolutely  poi$onou»  from  this  cause. 

The  construction  of  a  large  deep  reservoir  is  not  only  a  very  costly,  but  a 
very  hazardous  undertaking.  With  every  watchfulness  and  care,  it  la  idmost 
impossible  entirely  to  prevent  leaking;  although  this  may  not  manifest  itself 
for  months,  or  even  years.  Should  a  break  occur,  espedally  near  a  city,  it 
would  probaMy  be  attended  by  great  loss  of  life  and  property*  If  the  water 
once  finds  its  way  in  a  stream,  eitber  across  the  unpaved  top,  or  through  tha 
body  of  the  embankment,  the  rapid  destruction  of  the  whole  becomes  almost 
oertaia. 

AjtU  la.  Storiw  Baigrw#iw>  The  entise  aoBual  yield  of  a  streaia 
■say  be  much  more  than  sufficient  for  aupplying  a  certain  population  with 
water;  and  yet  in  its  natural  condlttou  the  stream  may  neit  be  avakable  for  thta 
pnrpoae,  becisttse  it  becomes  dearly  dry  in  aummer^  when  water  is  most  needed; 
while,  at  other  seasons,  the  rains  and  melted  snowa  produce  floods  which  aupplt- 
▼aatly  more  than  is  required:  and  which  ttiust  be  allowed  to  ran  to  waste.  A 
storing  reservoir  is  intended  to  collect  and  store  up  this  excess  of  water,  so  that 
it  may  be  drawn  off  as  required  during  the  droughts  of  summer,  and  thua 

Ssalize  the  supply  throughout  the  entire  year.  Tbis«  when  the  locality  par- 
ts, is  effected  bv  building  a  dam  across  the  stream,  to  form  one  aide  of  the 
reservoir ;  while  the  bill'slopes  of  the  valley  of  the  stream  form  the  other  sides. 
The  stream  itself  flows  into  this  reservoir  at  its  ap^team  end.  When  the 
stream  is  liable  to  beOome  nearly  dry  during  long  summer  droughts  experience 
shows  that  the  eaiiaettj'  of  the  reservoir  should  be  equal  to  from  4  to  6 
months'  supply,  aeoordiog  to  circumstances.  During  the  construction  of  the 
dam,  a  free  channel  must  be  provided,  to  pass  the  stream  without  allowing  it 
to  do  injury  to  the  work.  If  the  dam  were  built  precisely  like  Fig  37,  entirely 
Of  earth,  it  would  phkinlybe  liable  to  destruction  by  being  washed  away  in  case 
the  reservoir  should  become  so  fbll  that  the  water  would  begin  to  flow  over  ita 
top.  To  provide  against  this  we  may,  by  means  of  masonry,  or  of  cribs  filled 
with  broken  stone,  or  otherwise,  construct  either  the  whole,  or  part  of  the  dam, 
to  serve  as  an  averfall,  or  a  waste- weir.  Or  a  side  channel  (an  open  cut, 
pipes,  or  a  culvert,  Ac)  mar  be  provided  at  one  or  both  ends  of  the  dam,  and  in 
the  natural  soil,  at  such  a  level  as  to  carry  away  the  surplus  flood  water  before 
it  can  rise  hign  enough  to  overtop  the  earthen  dam.  Brides  these,  and  the 
pipes  for  carrying  the  water  to  Uke  town,  there  should  be  an  outlet,  with  a  valve 
or  gate,  at  the  level  of  the  bottom  of  the  reservoir ;  in  order  that,  if  necessary 
for  repairs,  or  for  cleaning  by  scouring,  aM  the  water  may  be  drawn  off.  The 
entrances  to  the  city  pipes  should  be  protected  by  gratings,  to  exclude  fish,  Ao. 

T#  fineiUtate  repairs  or  renewals  of  all  walires,  Ae,  wMiell 
are  under  water,  the  reservoir  ends  of  the  pipes  or  culverts  to  which  ther 
are  attached,  may  be  surrounded  by  a  water»tiaht  box  or  chamber,  which  will 
usnally  be  left  open  to  the  reservoir ;  but  n>ay  be  deasd  when  repairs  are  re* 
quired.  Access  may  then  be  had  to  them  by  entering  at  the  outer  end,  after 
the  Water  has  flowed  away  from  inside.  In  case  the  outlet  is  through  a  long 
line  of  pipes  which  cannot  thus  be  entered,  a  special  entry  for  this  purpose  may 
be  cast  In  the  pipe  itself,  near  the  outer  toe  of  the  embankment;  to  be  kept 
doeed  except  in  case  of  repairs.  Sometimes  a  better,  but  more  expensive  means 
of  access  to  such  valves,  is  secured  by  enclosing  them  in  a  walwe-towor  of 
masonry*  This  is  a  hollow  vertical  water-tight  chamber,  like  a  well ;  but  near 
the  toe  of  the  inner  slope :  having  its  foundation  at  the  bottom  of  the  reservoir ; 
whence  the  tower  rises  through  the  water  to  above  its  surflnce.  This  chamber 
is  provided  with  valves  or  gates  usually  left  open  to  the  reservoir;  but  which 
may  be  closed  when  repairs  are  needed ;  and  the  water  in  the  tower  allowed  to 
escape  from  it  through  the  open  valves  of  the  outlets.  This  done,  w/orkmen  can 
descend  through  the  tower  by  ladders  from  the  aperture  at  its  top. 

At  times  the  outlets  for  the  discharge  of  surplus  flood  water  are,  like  those  for 
seouring,  placed  at,  or  Just  above,  the  level  of  the  bottom  of  the  reservoir.  In 
order  that  th^se  may  work  in  case  of  a  sudden  flood  at  night,  Ac,  they  must  be 
furnished  with  self-^uitine  valves,  which  will  open  of  their  own  accord  when  the 
flood  is  about  to  rise  too  high.  This  may  be  effected  by  attaching  thein  to  floaMi 
the  risinff  of  which,  when  the  water  is  high,  win  pull  them  open.  All  such  out- 
Isto  should  be  large  enough  to  let  men  enter  them  for  repatn.   They  should  by 
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no  means  b«  laid  through  th«  mrtifteial  eavthen  body  of  tbedaa  it«elf,  withoat 
being  supported  upon  masonrr  reaehing  down  to  a  firm  natural  fonndatloB ; 
otherwise  they  are  very  apt  to  be  broken  by  the  subsidence  of  the  embanlcmeDt. 
It  is  usually  safer  to  carry  them  through  the  firm  natural  soil  near  one  end  of 
the  dam.  Their  vaWes,  if  only  single,  should  be  at  their  inner  or  reservoir  end, 
ao  as  to  leave  the  outlets  themserres  usually  empty,  for  inspection ;  but  it  is 
better  to  have  two  valves,  so  that  one  may  be  used  wi^n  the  other  needs  repair: 
and  in  this  case  one  may  be  placed  at  each  end.  Reservoirs  which  are  supplied 
by  pumps,  need  no  precautiona  against  overflow;  because  the  pumping  is 
stopped  when  they  are  filled  to  the  proper  height.  Large  storing  reservoirs 
neoessarUy  submerge  more  or  less  land,  which  has  therefore  to  be  purchased. 
By  intercepting  the  descending  water,  they  freqiMntly  prevent  spring  floods 
from  injuring  low  lands  farther  down  stream,  u  ^ere  are  mills  down  stream  . 
from  the  reservoir,  they  would  evidently  be  deprived  of  water  for  driving  them, 
unless  a  portion  of  that  stored  in  the  reservoir  be  devoted  to  that  purpose. 
Water  thus  applied  to  compensate  for  the  loss  of  the  natoral  stream,  is  called 
eompensaiton  water ;  and  the  reservoir,  a  eompeiualing  one. 
Art,  lift.  Distrlbntlni^  reserwolrs.  Frequently  a  valley  fit  for  a  storing 
■ervoir  oan  ba  fouad  waij  at  %  h»ng  diti  (gomeUaMi  many  mtleB)  from  the  towa ;  aod  It  tbeo  b^ 


OimM  expedient  to  oonatract  alse  an  additional  ooo  of  smaller  slie  tluw  the  atoring  one.  near  the 
town ;  and  at  a«  great  an  elevation  above  it  as  oironaataaoet  vill  permit  (  bnt  lower  than  tbe  atoring 
one.  This  la  ealled,  by  war  of  dUtinotion.  a  dittrUmtiHg  reaenroir,  becanae  from  it  tbe  water,  after 
having  flowed  into  it  tnim  the  storing  reservoir,  throngb  the  long  mpplfp^  which  ootineets  them,  ia 


dlstribnted  in  various  directions  through  the  tows,  bgr  meaoa  of  the  street  mains,  or  pipes.  This 
■mall  reservoir  should  hold  a  supply  snfflolent  at  least  for  a  fbw  days;  a  Dew  weeks  would  be  better; 
«Dd  the  end  ef  the  supply  pipe  which  tMrmio«tes  ia  it,  should  be  pi«vided  with  a  valve  for  shutting 
^  the  supply  ftrom  the  storing  reservoir.  These  precautions  permit  repairs  to  be  made  along  the  line 
of  supply  pipe  without  depriving  the  town  of  water  in  the  mean  time.  With  a  view  to  sooh  repairs ;  as 
well  as  to  soonring  oot  aediment  tram  the  supply  pipe,  this  last  should  be  provided  with  Ontlet 
waives  at  various  low  points  along  the  entire  Interval  between  tbe  two  reeervoirs ;  aspeeiallr  at 
those  at  whioh  the  valves  may  diich  Into  natural  wateroonraes.  On  opening  these  valres,  the  ou'** 
rush  of  Uie  water  carries  away  sedimsnt;  and  leavea  the  pipe  emp^  for  inspeetton. 

-^      "  -  for  supplying  cities,  it  is  necessary 


In  flsKlntr  upon  the  dlams  of  i 

0  bear  in  mind,  that  oy  far  the  greater  porcion  or 

luring  only  8  to  U  bours  of  daylight:  and  therefore  the  oapaoity  of  the  pipes  i 
rumish  tbe  daily  supply  in  much  less  than  84  hours.    Again,  during  the  hot  summer  months,  much 


far  the  greater  portion  or  the  24  bnnrs'  yield  is  actually  drawn  from  them 
'      ""  ..-..--.,  mmt  be  sniBoient  to 


during  only  8  to  l*i  hours  o 

rumish  tbe  daily  supply  in _  _ 

more  water  is  us0d  than  during  tbe  winter  ones;  and  this  consideration  neoassitatas  asail  larger  dinm. 


Art.  2.      Systems  of  street  pipes  fbr  supply! nir  eitles.    The 

of  no  practical  rules  for  proportioning  tbe  diams  for  such  systems.    The  various  com 
;)arp|j 

tions  aa  have  casually  falien  under  his  notice. 


writer  knows  of  no  practical 
plications  involved,  render  a  parply 


>r  proportioning  t 

fiarply  soiientiflc  investigation  e 
ng  purely  empirteal  rules  of  his  own ;  bas^  on  such  limited  observa- 


With  much  hexi- 


Whos,  at  no  point  in  a  tpHtm  of  eOy  j»<pes.  U  tht  head,  or  vsrt  di$t  below  tks  turfaee 
ed  wOA  Ihs  kor  dUtfrom  the  rsssrvoir.  Isss  than  qt  the  rata  of  W  ft  per  Mils, 

.-_..-.    ^- abundantly  »%^n»**ii' for  aU 

;  or  fry  3, 1.  Sc,  pipe*  of  the 
ivea  to  the  neareat  safe  %  inch.    The  supply  is  i  ' 


BOLB  I, 

o/(h«rs««rvo<r,  eoiMari 

then  the  popvlaHon  in  the  laet  edumit  of  the  followina  Table  A.  may  b« 
ettf  purpoaeih  bp  eithar  one  p^e  <tfthe  innar  diam  orbore  in  the  1«(  col 

s  jn  <h«  other  sols.    These  diams  are  giv 

liahabii 


vhbMei 

eotaer 

to  be  about  <0  gallons  par  day  to  eaob 

TABI^i:  A.    (Original.) 
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1 

8 

8 

4 

6 

8 

18 

94 

PopnUtUn 

Diam. 

Diam. 

Diam. 

Diam. 

Diam. 

Diam. 

Diam. 

DlRin. 

Ins. 

Ins. 

Ins. 

Jae. 

I««. 

Ins. 

IQ«. 

ID>. 

6 

8 

6H 

l^ 

»H 

8 
4 

ili 

»H 

iS 

1647 
8466 

10 

TK 

6H 

bH 

tx 

4M 

'X 

8 

590S 

12 

7H 

7 

^H 

4K 

SM 

•S24 

li 

lOH 

9H 

8» 

7 

•H 

6H 

^H 

13706 

IS 

13H 

lOH 

^ 

•H 

6 

4N 

19141 

16 

139s 

llK 

>X 

tH 

•H 

5^ 

96677 

W 

is'' 

llH 

9}i 

SH 

¥ 

5H 

88496 

22 
24 

JJg 

i 

155^ 

lox 

IIH 

n 

42438 

52671 

2S 

19M 

IS 

"3. 

•H 

tH 

6444? 

2B 

S^ 

isw 

16^ 

18H 

ISH 

MX 

8 

77M6 

80 

19K 

"H 

UH 

UH 

JJ« 

f^ 

91680 

83 

24H 

18^ 

14 

^iS 

8 

106160 

84 

27H 

23^ 

m 

16M 

15 

12H 

9H 

125840 

86 

8SK 

80H 

17K 

15K 

19H 

J?J< 

144480 

40 

30^ 

»H 

23^ 

i»H 

17K 

15 

JiJ! 

188320 

44 

»H 

»H 

26  ft 

21K 

19H 

16H 

J2S^ 

388600 

48 

ssS 

81 

VI H 

i 

21 H 

IS 

i9H 

297600 

54 
60 

41 

U^ 

'^B 

^ 

JJ^ 

J5t^ 

891200 
511200 

66 

60H 

43H 

38  H 

32H 

»H 

24H 

189^ 

650400 

73 

60X 

46^ 

41 H 

86H 

31 H 

»H 

»9^ 

800000 

80 

61K 

46M              8»Ji 

S5« 

7»}i 

1064000 
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It  to  well  to  aflow  Id  addftSon  from  ^  iaiA  to  1  Incb,  or  more,  (depending  on 
the  character  of  the  water,)  to  each  diameter ;  for  depoeits  and  copcretlons. 

The  water,  after  reaching  the  city  through  one  or  more  large  main  pipes  from 
tlie  reservoir,  must  be  dutributed  throuigrh  the  streets,  by  means  of  smaller 
maiDS  branching  from  the  larger  ones.  The  diameters  of  these  smaller  ones 
also  may  be  found  by  Table  A.  Thus,  if  a  street,  with  its  allevs,  dc,  contains 
about  6000  persons,  (the  rate  of  head  being,  as  before,  not  less  than  60  feet  to  a 
mile  at  any  point  of  the  system,)  then  we  see  by  the  table  that  a  10-inch  pipe 
will  auswer.  It  would  be  well  to  lay  no  city  street  pipes  of  less  than  6  inches 
diameter. 

Mains  wlii«ta  eross  eaeta  otiier  shoald  be  eonnet^ted  at  some 
of  ilieir  intersect  ions*  to  allow  the  water  a  more  free  circulation  th  rough* 
out  the  entire  system ;  so  that  if  the  supply  «t  any  point  is  temporarily  cut  off 
from  one  direction  by  closing  the  yalyes  for  repairs,  or  is  diminished  by  exces- 
sive demand,  it  may  be  maintained  by  the  flow  from  other  directions. 

Avoid  dead  ends  when  poesible,  as  the  water  in  them  becomes  foul  and 
un  wholesome. 

Bulk  2.  WUh  the  same  diameterSf  different  rates  of  htad  witl  supply  thennpor^ 
tionnte  popukUUms  in  column  3  of  Table  B.  Or,  to  find  me  diameters  which  at  different 
rates  of  head  wiU  supply  the  same  populations  given  in  the  last  column  of  Table  A^ 
multiply  the  diameter  given  in  Table  A,  by  the  corresponding  number  in  col- 
umn 4  of  Table  B;  or  (approximately)  jBLo  as  directed  in  column  5. 

TABUB  B.    (Oi-iginal) 


Coul. 

COL.S. 

Cot.  8. 

Cot.  4. 

Cot.  5. 

Rate  or  Head, 
In  Feet  per  Mile. 

Bate  of  Head. 

compared  with 
tbatinTableA. 

Proportionate 

Proportionate 

Diam.  to  supply 

the  Popalations 

iQ  Table  A. 

Bemarks. 

5 

.1 

.82 

1.58 

10 

.2 

.45 

1.37 

12^ 

.25 

.50 

1.82 

Add  one-third. 

16 

.8 

.55 

1.27 

Add  full  one-fourth. 

to 

.4 

.64 

1.20 

Add  one-firtb. 

» 

.6 

.71 

1.14 

Add  one  scTenth. 

80 

.6 

.78 

1.11 

Add  onenlntb. 

85 

.7 

.84 

1.07 

Add  onefoarteenth. 

S" 

.75 

.87 

1.06 

Add  one-dxteentb. 

.8 

.90 

1.05 

Add  one-twentieth. 

45 

.9 

.96 

1.02 

Add  ooefiftieth. 

60 

1.0 

1.00 

1.00 

76 

1.6 

1.28 

.92 

Dedaet  one-tbirteenth. 

100 

S.0 

1.41 

.88 

Deduot  one-eifbtb. 

125 

2.6 

1.59 

.88 

Dedoot  ftall  one-eixth. 

160 

8.0 

1.78 

.80 

Deduct  one-flflh. 

200 

4.0 

2.00 

.76 

Deduct  nearly  one-fonrth. 

250 

6.0 

2.25 

.78 

doo  ■ 

60 

246 

.60 

Deduct  three-tenths. 

400 

8.0 

2.88 

.66 

Deduct  ruU  one-third. 

600 

10.0 

8.18 

.68 

Example.  By  Table  A  we  see  that  with  the  rate  of  head  of  50  teet  per 
mile,  a  SO^inch  pipe  will  supply  a  population  of  91580;  but  with  tbreie  times  that 
rate  of  head,  or  150  feet  per  mile,  we  see  by  column  8,  Table  B,  that  the  same 
pipe  will  supply  1.73  times  as  many  persons,  or  01580X1.73=  1584.33  persons. 
But  if,  at  this  greater  rate  of  head,  we  Still  wish  to  supply  only  91680  persons, 
then  we  find  in  column  4,  Table  B,  that  womay  diminish  the  diameter  of  the  pipe 
from  80,  down  to  30 X. 80:- 24  inches;  or,  by  column  5,  we  have  80  — 6-«24 
inches. 

Again,  after  the  water  has  reached  the  citv  by  the  80-Inch  p!  je  of  Table  A, 
if  we  wish  to  distribute  it  through  the  cityV  say  eight  branches  or  smaller 
mains,  we  see  by  column  6,  Table  A,  that  each  of  them  must  have  at  least  1^ 
inches  diameter.  From  these  eight,  other  smaller  ones  may  branch  off  into  the 
cross  streeta,  alleys,  dbc ;  and  in  estiinatinsr  the  supply  required  for  any  partic- 
ular street  main,  we  must  evidently  add  what  Is  required  also  for  such  cross 
streets,  dbc,  <&c,  as  are  to  be  fed  from  said  main. 

If  certain  limited  parts  of  a  eity  pipe  system  have  considerably  less  rates  of 
head  than  most  of  the  remainder,  it  mav  become  expedient  to  supply  the  former 
by  a  special  separate  main  of  larger  diameter;  which  may  start  either  directly 
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firom  the  reservoir;  or  at  a  bntnoh  from  the  grand  Imdiog  nuln  whlck  tMLi tbt 
lower  parts,  aooording  to  ciroumstancea. 

It  most  be  remembered,  that  although  bj  increaaing  the  diameteri.  an  abuiH 
dant  supply  maj  be  obtained  under  a  small  rate  of  beadt  w  well  as  under  a  great 
oneu  yet  the  water  will  not  rise  to  as  great  a  height  iu  the  service  pipes  for  sup> 
plying  the  different  stories  of  dwellings,  Ac  Even  with  the  diameters  in  Table 
A,  the  water,  under  ordinary  use,  will  not  ri^ie  in  these  pines  to  the  full  height 
of  the  surface  of  the  reservoir;  and  if  an  unusual  drawing-off  is  going  on  at 
the  same  time  at  many  parts  of  the  system,  as  In  ease  of  an  extensive  fire,  or 
frequently  during  the  hot  summer  months,  it  may  not  rise  to  even  one-half  of 
4hat  height. 

A.rt.  3.  The  followlns  has  been  ll»nit4  ifevj  eflRectlve  for 
preventlngr  concretions  tn  water  pipes.  Formerly  in  Boston,  cast- 
Tron  city  pipes,  4  inches  diameter,  became  closed  up  in  7  years ;  and  those  of 
iarger  diameter  became  seriously  reduced  in  the  same  time.  But  later,  during 
8  years,  in  which  this  varnish  was  used,  no  concretions  formed.* 

€oal-pttcta  vamisli  Uo  be  M»plle«l  to  wines  and  eastinn, 
made  for  the  Water  Department  of  Phllaclelphia*  under 
the  following  conditions  t 

First.  Every  pipe  must  be  thoroughly  dressed  and  made  dean,  free  f^m  the 
•arth  or  sand  which  clings  to  the  iron  in  the  moulda :  h^rd  bmabes  to  be  used 
in  finishingfhe  process  to  remove  the  loose  dust. 

Second,    Evenr  pipe  must  be  entirely  ftree  from  raat  wbeo  the  varnish  it  ap- 

{>]ied.  If  the  pipe  cannot  be  dipped  immediately  after  being  cleansed,  the  sur- 
iace  must  be  oiled  with  linseed  oil  to  preserve  it  until  it  is  ready  to  be  dipped: 
DO  pipe  to  be  dipped  after  rust  baa  aet  in. 

]%ird.  The  ooal^ar  pitch  ie  made  from  ooal  tar.  distilled  until  the  naphtha 
is  entirely  removed,  ana  the  material  deodorised.  It  sheufil  be  distilled  until  it 
has  about  the  consistency  of  wax.  The  mixture  of  five  or  aix  per  cent  of  linseed 
oil  is  reoommended.  Pitch  whieh  becomea  hard  and  brittle  when  cold,  will  not 
answer  for  thia  use. 

Fbtirih,  Pitch  of  the  proper  quality  having  been  obtained,  it  must  be  care- 
fully heated  in  a  auitable  vessel  to  a  temperature  of  900  degrees  Fahrenheit,  and 
must  be  maintained  at  not  less  than  this  temperature  during  the  time  of  dip- 
ping. The  material  will  thicken  and  deteriorate  after  a'numoer  of  pipes  have 
Seen  dipped ;  fresh  pitch  must  therefore  be  frequently  added ;  and  occasionally 
the  vessel  must  be  entirely  emptied  of  its  old  contenta,  and  refilled  with  fresh 
pitch :  the  refuse  will  be  hard  uid  brittle  like  common  pitch. 

Fifln,  Every  pipe  must  attain  a  temperatu re  of  800  degrees  Fahrenheit,  before 
it  is  removed  from  the  vessel  of  hot  pitch.  It  may  then  be  slowly  removed  and 
laid  upon  skids  to  drip. 

All  pipes  of  20  Inches  diameter  and  upward,  will  require  to  remain  at  leaat 
thirty  minutes  in  the  hot  fluid,  to  attain  thia  temperature;  probably  more  in 
sold  weather. 

Sixth.  The  application  must  be  made  to  the  satisfaetion  of  the  Chief  Engineer 
of  the  Water  Department :  and  the  material  be  aubject  at  all  times  to  his  ex- 
amination, Inspeiction,  and  rejection. 

Seventh.  Payment  for  coating  the  pipes  will  only  be  made  on  such  pipes  as 
are  sound  and  sufficient  according  to  tne  specifications,  and  are  acceptal>le  inde* 
pendent  of  the  coating. 

Eighth,  No  pipe  to  be  dipped  until  the  authorised  inspector  has  examined  it 
as  to  cleaning  and  rust;  and  subjected  it  thoroughly  to  the  hammer  proof.  It 
may  then  be  dipped,  after  which,  it  will  be  passed  to  the  hydraulic  press  to  meet 
the  required  water  proot 

Ninth,  The  proper  coating  will  be  tough  and  tenacious  when  cold  on  the 
pipes,  and  not  brittle  or  with  any  tendency  to  scale  off.  When  the  coating  of 
any  p:j)e  has  not  been  properly  applied,  and  does  not  give  satisfaction,  whether 
from  defect  in  material,  tools,  or  manipulations,  it  shall  not  be  paid  for;  if  it 
aeales  off  or  shows  a  tendency  that  way,  the  pipe  shall  be  cleansed  inside  before 
it  can  be  reooated  or  be  receivable  as  an  ordinary  pipe. 

*Mr.  Dexter  Brackett,  of  Boston,  informs  us,  1892,  that  while  tubercles  form 
there  in  uncuated  pipes  to  a  thickness  of  about  three-quarters  of  an  inch,  rendering 
'  i-inch  pipes  of  Mttle  or  no  value  for  fire  supply,  yet  no  actual  stoppage  has  been 
'  known  to  occur  from  this  cause  during  the  twenty-three  years  of  bis  connection 
with  the  City  Engineering  Department.  He  states  also  that  even  their  coated  pipes, 
taken  up  after  being  in  the  ground  for  ten  or  fifteen  years,  are  generally  found  to  b« 
pitted  on  their  inner  surfaces. 
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Art.  4.  The  pipet  are  laid  to  oonfSorm  to  the  Tertical  undulations  of  the  itreet 
inrfiBtces.  The  tops  of  the  pipes  are  laid  not  less  than  8^  feet  helow  the  sorftiee  Of 
the  street;  hut  in  3-in(^  idpes  the  water  has  at  times  been  frozen  at  that  depth. 

In  Ptatlada.,  In  1885,  there  were  about  784  miles  of  street 
pipes;  or  about  1  mile  to  every  1100  inhabitants.  The  population  waa  about 
^,000;  residing  in  about  150,000  dwelUngs.  Berlin,  1887-8;  1,400,000  inhab- 
tants,  in  20,000  houses  (average  70  persons  per  house).  Mean  consumption  per  head, 
17  U.  S.  gallons  per  day;  maximum,  24;  minimum,  12H;  ^^  approximate.  25,000 
wheel  meters  in  use. 

If O  yalvanle  aetion  has  been  observed  where  lead  pipes  or  brass  nnite  with 
east-iro9  ones.  Ho  pipo  less  than  6  inches  diam  afaotUd  be  laid  in  cities ;  and 
•ven  tftiey  only  for  lengths  of  a  few  hundred  feet.  Their  insufficiency  is  chiefly  talt  in 
ease  of  fire.  8  ins  would  be  a  better  minimum.  No  more  leakage  occurs  in  winter 
than  in  summer;  except  from  the  bursting  of  private •ervio^ftipes  by  freeaing. 

To  compact  the  earth  thoroughly  against  the  pipes  exclwMs  air,  and  greatly  im- 
pedes rust.  Pipes  may  be  corroded  by  the  leakage  of  gas  through  the  body  as  well  aa 
through  the  Joints  of  adjaeent  yas-pipes. 


WEIGHT  OF  CAST-IBON  WATER-PIPES, 

As  ttsed  in  Piiila^  and  tested  by  hydraulic  press  before  delivery  to  an  iotemal 
|ms  of  800  Ibe  per  sq  inch.  This  table  includes  q^igots,  and  faucets  or  belU.  Tha 
pipes  are  required  to  be  made  of  remelted  strong  tough  gray  pig  iron,  audi  as  may 
•e  readily  drilled  and  chipped ;  and  all  of  more  than  8  ins  diam  to  be  east  vertically, 
with  the  bell  end  down.  Deviations  of  5  per  cent  above  or  beiow  the  theoreti- 
cal weights,  are  allowed  for  irregularities  in  casting,  which  it  seems  impossible  to 
avoid. 

The  pipes  are  in  lengths  ttom  8  to  8M  ins  longer  than  It  ft ;  so  that  when  laid  they 
measure  12  ft  from  the  mouth,/.  Fig  38,  of  one  bell  to  that  of  the  next. 


DiMD. 

TMck- 

Wtpar 

Dtom. 

Thiok- 

BMS. 

Wtper 
tongth. 

Diam. 

Thick- 
ntn. 

Wtper 

Ids. 

In«. 

Lbi. 

Ins. 

%^ 

Lb«. 

Int. 

Ina. 

Lbs. 

8 

158 

16 

1322 

86 

4834 

4 

7^ 

211 

20 

1654 

86 

IJL 

4862 

6 

JL 

385 

20 

i 

1798 

86 

IJL 

5866 

8 

»* 

460 

80 

1 

8318 

48 

\VZ 

7282 

10 

^ 

667 

30 

.9 

8C10 

48 

Its 

866T 

12 

899 

80 

1 

3964 

48 

i« 

9878 

The  following  sizes  of  lap-welded  wrongrbt-iron  water-pipe  are 

made  by  the  National  Tube  Works  Co.,  McKeesport.  Pa.,  and  iitted  with  their 
'^  Cohyerse  patent  loek-Joint.*'  One  end  of  each  length  of  pipe  has  the 
lock-joint  permanently  attached  (leaded)  to  it  at  the  works  before  shipping.  The 
"  weights  per  foot "  include  these  Joints.  The  weight  of  "  lead  per  joint  **  ^ven  is 
that  required  to  be  poured  in  laying  the  pipe,  ot  that  for  one  side  only  of  the  Joint. 

Outer  diam,  ins 2        8        4        5        6        8  10  12       16 

Weifftat  per  ft,  lbs L86  3.48  5.26  7.33  8.76  13.20  17.08  25.12  47*70 

liead  per  Joint,  lbs. .^      ^  l^  ^14  ^A  ^  ^  0  S^i      1« 

Average  ear  load  t 

Number  of  lengths 800  380  275  145  126  128  80  56       40 

**       '^  feet,.. »  11500  5600  4500  2600  2000  2000  l$i00  80Q     690 

The  pipes  are  tested  for  a  bursting  pressure  of  500  lbs  per  square  inch,  or  higher 
if  desired.  They  are  furnished  either  coated  with  asphalturo,  or  **  l(alli» 
meined;**  or,  If  desired,  first  kalameined  And  then  coated  with  asphaltum* 
Kalameining  consists  In  "  incorporating  upon  and  Into  the  body  of  the  iron  a  non- 
eorrosive  metal  alloy,  largely  composed  of  tin.**  The  surface  thus  ^rmad  If  IK)0 
tracked  by  blows,  or  by  bending  the  pipe,  either  hot  or  cold.    ^  . 
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Thf  Joint,  or  eonpllng,  la  of  cast-iron,  Mid  hm  InterniJ  rvceMM  wbtcb  ree«lT«  %iA 
lotd  Ings  on  the  outside  of  eacb  length  of  pipe,  near  eaf^    '  '-     -  ^      -•^    *  ,  . ._ 
then  poured  with  lead  in  the  usual  way  (see  next  page), 
with  a  special  pouring  clamp  furnished  by  the  Cu. 
**  jointer,'*  Figs  s9  Ac,  except  that  it  is  in  two  rigid  sen 


koTdlngs  on  the  ontslde  of  eacb  length  of  pipe,  near  each  of  its  ends.  The  Joint  1$ 
then  poured  with  lead  in  the  usual  way  (see  next  page),  either  with  clay  collars,  or 

Co.  This  clamp  resembles  the 
i  semi-circular  pieces,  connected 
together  by  aliinge-Joint.Aud  furnished  with  handles  like  those  of  a  lemon-squeeser, 
and  has  a  hole  in  one  side  for  pouriug.  The  coupliug  forms  a  flush  inner  surtaca 
with  the  pipe  at  the  Joint,  thus  avoiding  much  of  the  resistance  of  cast-iron  pipef 
to  flow.  For  cases  where  it  may  be  necessary  to  make  frequent  changes,  the  coup- 
lings are  made  in  two  pieces,  which  are  bolted  together  by  flanges. 

Wrong^t-iron,  for  pipes*  has  the  great  ndvantairefl  over  cast-iron 
ef  lightness,  toughness,  and  pliability.  The  lightness  of  wroiigbt-iron  pipes  ren- 
ders them  easier  to  handle,  and  cheaper  per /oo£  notwithstanding  that  their  cost  ^ 
ton  is  about  25  per  cent  greater.  They  are  not  liable  to  breakage  in  transput  tation 
or  from  rongh  handling,  and  they  may  be  bent  through  anjeles  up  to  about  25^. 
They  therefore  require  no  special  bend  castings  for  such  angles.  The  National  Co 
supply  beading  machines,  to  be  worked  by  two  men.  One  machine  can,  Inr  changing 
the  diae,  be  nied  in  bending  all  sises  of  pipe.  The  pipes  are  in  lengths  of  from  Id  to 
18  feet,  instead  of  12  feet,  as  in  the  case  of  cast-iron,  so  that  fewer  Joints  »re 
reqnlred  per  mile. 

The  Co  furnish  special  ** service  clamps**  and  tapping  machines  for  atiacblMC 
servll^e  pipes  to  mains,  lliis  may  be  done  (as  in  the  case  of  the  Payne 
machine,  while  the  main  is  under  pressure.    The  service  clamp  is  a  cast- 

iron  saddle,  which,  before  the  main  is  tapped,  is  attached  to  it  by  means  of  a  U 
bolt,  and  which  remaina  permanently  so  attached  afler  the  tapping.  A  sbeet-leiitf 
gasket  is  placed  between  clamp  and  main.  The  clamp  has  a  tapped  cylindrical 
opening  through  it,  into  which  the  corporation  stop  is  screwed  before 

the  pipe  is  tapped.  The  drill  of  the  ttipping  machine  passes  through  the  stop,  and 
throagh  the  cylindrical  opening  in  the  clamp,  and  drills  through  the  lead  gasket 
and  through  the  side  of  the  main. 

The  Co  furnish  also  pipe-cntting  machines,  and  special  castinfi  (reducers, 
crusMS,  Ac,  Ac)  fitted  with  tha  Convene  Joint. 


A  yatta-pereha  pljpe^  Vi  ^^eh  thick,  and  ^  inch  bore,  has  sustained  safely 
an  internal  pr«s  of  more  tban  2oD  B>i  per  »q  indk;  eooal  k>  neftrlj  600  feet  a««d.  It  merelj  swelled 
■lightlf  at  SIT  IN.  In  1861  a  tube.of  that  material,  2k(  ins  bore,  about  H  Ineh  thiok.  and  1S50  ft  long. 
vas  sunk  in  the  Bast  River,  New  York,  to  oarrj  the  Grotoo  water  to  Blaekwell'i  Isiana.  It  was  held 
down  b/  weifhts.  It  provee  UDsatisraotor/  owinf  to  abrasion  oaused  bv  tidal  enrreou,  and  injur; 
from  tbe  aoebors  of  dragging  veaoeU.  A  wrapping  of  oanTas,  eonOned  dt  spun  yarn,  waa  useful  ia 
prerentlng  tbe  former,  but  not  the  latter.    Tbia  pipe  was  replaioed  in  1870  dt  wrought-lroo  pipes. 

Ball*9  patent  iron  and  cement  pipe,  is  made  by  The  Patent  Water 
and  Oas  Pipe€e.  of  Jersey  City,  N.  J.  It  is  formed  of  riTeted  sheet-iron,  and  eaoh  length  is  dipped 
into,  and  coated  with,  a  hot  mixture  of  eeal  tar  and  asphalt.  Tbe  lining  of  hydraulio  cement  is  then 
applied.  This  ranges,  in  thickness,  from  K  inch  for  12.inoh  pipes  to  1  ineh  for  90-ineh  pi|>e.  This 
pipe  is  made  up  to  dlams  of  36  ins.  It  is  laid  in  a  bed  of  oement  mortar,  and  completely  oorered  with 
the  same.  Suitable  means  are  provided  for  making  all  the  attachments,  4o,  required  in  city  pipes 
for  water  and  gas.  More  than  1900  miles  ot  It  are  in  nse  In  various  towns,  some  of  it  for  S5  years  t 
and  it  appears  to  give  general  satisfaction.  Tubercles  do  no(  form  In  these  pipes,  as  they  are  apt  to 
do  in  eaht-iron  naes.  There  is  every  reason  to  suppose  that  they  sre  durable.  The  trenches  beinf 
dug,  tbe  Jers^  Gi^  Co  furnish  pipes  and  lay  them  (iududlog  the  oement). 

A.  Wyckoff  k  Son,  Elmira,  K.  T.,  make  wooden  water  pipes.  For 
pressures  of  15  to  20  Oku  per  sq  ineh,  they  furnish  either  plain  pipes,  8)4  to  7  ins  square  externally, 
and  from  l)i<  to  4  ins  Internal  dioait  or  round  pipes,  1  inch  to  »  in«  bore,  coated  ext^mallj  wiib 
asphaltum  oement.  At  their  ends,  both  the  square  and  the  round  pipes  are  banded  with  iron.  For 
pressures  from  40  to  MO  Ihs  per  fcq  inch,  the  round  wooden  pipes,  befero  being  coated  vith  oement, 
are  splratly  wrapped,  by  steam  power,  with  b(^p  iron,  which  is  first  passed  through  a  preparation 
of  coal-tar.  The  iron  is  wound  so  tightly  as  to  be  Imbedded  In  tbe  pipe,  leaving  its  outer  surface 
flush  with  that  of  the  wood.  The  enda  of  each  length  of  pipe  receive  extra  banding.  The  aspbaltam 
cement  coating  is  then  applied.  Thene  pipes  have  been  extensively  and  successfully  used  for  "both 
water  and  gas.    Suitable  arrangements  are  provided  for  Jninu  and  connections. 

Water  pipes  of  bored  oak  and  pine  lofrs^  laid  in  Phltada  SO  to  60 

yeans  ago,  are  frequently  quite  sound,  and  stiH  fit  fbruse,  exoept  where  outer  sap  wood  is  decayed. 
When  this  Is  removed,  many  of  these  old  pipes  bare  been  relaid  in  factoriee,  to.  Clay  w«ll  fctckett 
around  wooden  pipes,  excludes  the  contact  of  air,  and  thus  contributes  greatly  to  their  durability. 
Loose  porous  soils,  such  as  gravel,  Ac,  on  the  eontrary,  are  unfavorable. 

Pipes  made  of  bitnminlzed  paper,  prepared  nnder  great  pressun, 

have  been  used  for  both  water  and  gaa.  They  are  much  less  liable  to  break  than  oast-k^n,  and  d« 
not  veigb  or  coat  more  than  about  half  as  much.  Pipes  of  5  ins  bore  and  3^  ineh  thiok,  have  resiate^ 
test  strains  of  290  fts  per  sq  ino^  i  oqufl  to  a  water  head  of  fiOI  tk 

42 


y  Google 


658 


WATEK  PIPES, 


Costs  of  water  pipe  and  laylnc.  The  following  firarea  are  deduced 
from  a  table  kindlv  mrnished  by  Mr.  Allen  J.  Fuller,  General  Superintendent, 
Bureau  of  Water,  rhiladelphia.  They  represent  average  conditions  for  straight 
pipe,  laid  in  earth,  in  that  city.  The  cost,  in  any  given  case,  may  differ  materiiuly 
from  these  figures,  according  to  circumstances. 

"Laying"  includes  all  handling  of  materials,  after  their  delivery  on  the 
ground,  tor  laying  them  in  the  trench,  making  joints,  calking,  etc.  Calkers 
receive  $2.50,  lead  men  $2.00,  and  laborers  $1.75  per  day  of  8  hours. 

The  costs  of  materials  are  taken  as  follows :  Pipe  castings,  1.2  cts.;  lead,  5  cts.; 
gasket,  3>^  cts.;  coke,  0.27  cts.,  per  pound ;  blocking,  1.7  cts.  per  ft.  B.  M. 

Add  for  stops,  branches,  fire  hydrants,  special  castings,  repaving,  damages, 
foremen's  wages,  cost  of  tools,  etc.  For  rough  estimates,  to  cover  fixtures,  rock 
excavation,  additional  depth  required  for  trench,  wear  and  tear  of  tools,  and 
ordinary  repaviiie,  but  not  including  damages,  asphalt  repaving,  or  trestling, 
the  costs  in  the  table  may  be  increased  as  follows : 

Diameter  of  pipe        4        6         8       10       12       16  to  48  inches. 
Add 80       70       65       60       50  40      percent. 

Matebials. 


Pipe. 

Per  length  of  12  feet 

Per 

Diam. 

Thick- 
ness. 

Iron. 

Lead. 

Gasket. 

Coke. 

Block»g. 

Total. 

lineal 
foot. 

Ins. 

Ins. 

lbs. 

$ 

Sm. 

$ 

8)8. 

$ 

Ibfl. 

$ 

Ft. 
BM 

$ 

$ 

$ 

4 

Vs 

214 

2.57 

6 

0.30 

0.2 

0.01 

4 

0.01 

2 

0.08 

2.92 

0.24 

6 

Jg 

367 

4.40 

10 

0.50 

0.2 

0.01 

4 

0.01 

2 

0.03 

4.96 

0.41 

8 

JL 

490 

6.88    12 

0.62 

0.3 

0.01 

4 

O.Ol 

2 

0.03 

6.66 

0.66 

12 

JL 

918 

11.02    18 

0.90 

0.6 

0.02 

5 

0.01 

2 

0.03 

11.98 

1.00 

18 

a2 

1610 

18.12   80 

1.50 

0.8 

0.03 

7 

0.02 

2 

0.03 

19.70 

1.64 

24 

fi 

2458 

29.50   40 

2.00 

1.0 

0.03 

8 

0.02 

8 

0.05 

81.60 

2.68 

80 

3325 

39.90   76 

3.75 

1.8 

0.05 

9 

0.02 

4 

0.07 

48.79 

8.66 

'♦ 

1 

4009 

48.11    75 

3.75 

1.8 

0.05 

9 

0.02 

4 

0.07 

52.00 

4.38 

86 

J 1 

4610 

55.82  115 

5.75 

2.0 

0.07 

10 

0.08 

6 

0.09 

61.25 

6.10 

" 

IJL 

5680 

68.16,115 

5.75 

2.0 

0.07    10 

0.03 

6 

0.09 

74.09 

6.17 

48 

1?* 

8038 

96.46150 

7.50 

2.4 

0.08    12 

0.08 

8 

0.14 

104.21 

8.68 

1>I 

9455 

113.46|150 

7.50 

2.4 

0.08    12 

0.03 

8 

0.14 

121.21 

10.10 

Earthwork. 


Pipe. 

Trench. 

Earthwork, 

per  lineal  foot 

Diam. 

Thick- 

Width, feet. 

Excavation. 

Back  fill 
and 

ness. 

Depth, 

removing 

TotaL 

Top. 

Bot- 

feet. 

Cubic 

surplus. 

Ins. 

Ins. 

tom. 

yards. 

% 

$ 

$ 

4 

% 

2.60 

2.26 

4.60 

0.40 

0.09 

0.02 

0.11 

6 

j^ 

2.60 

2.25 

4.50 

0.40 

0.09 

0.02 

0.11 

8 

JL 

2.60 

2.25 

4.60 

0.40 

0.09 

0.02 

0.11 

12 

JL 

2.75 

2.50 

4.60 

0.47 

0.11 

0.06 

0.16 

18 

zk 

2.75 

2.60 

4.60 

0.48 

0.11 

0.09 

0.20 

24 

fi 

8.70 

8.00 

4.75 

0.64 

0.14 

0.16 

0.80 

30 

4.26 

8.25 

6.00 

0.76 

0.17 

0.28 

0.40 

«• 

1 

4.25 

8.25 

6.00 

0.76 

0.17 

0.28 

0.40 

86 

Xi 

5.00 

8.76 

6.50 

0.97 

0.22 

0.80 

0.62 

" 

IJL 

6.00 

3.76 

6.60 

0.96 

0.22 

0.80 

0.62 

48 

it^ 

7.00 

4.60 

6.60 

1.47 

0.44 

0.66 

0.99 

_ 

i>i 

7.00 

4.60 

6.60 

1.47 

0.44 

0.66 

0.99 
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Haulino, 

LATHfe,  BBCAPrrULATIOtl. 

Pipe. 

Hauling, 
per  lineal  foot,  at 
75  cents  per  ton. 

Laying, 

1^4l 
foot 

Recapitulation  of  Cost, 
per  lineal  foot. 

i 

5 

P- 

th 

1 

1^ 

I-* 

k^ 

1 

Ins. 

Ins. 

$ 

f 

$ 

$ 

$ 

$ 

$ 

f 

$ 

4 

% 

0.01 

0.01 

0.02 

0.08 

0.24 

0.11 

0.02 

0.03 

0.40 

6 

J^ 

0.01 

0.01 

ao2 

0.04 

0.41 

ail 

0.02 

0.04 

0.58 

8 

^ 

0.01 

0.01 

0.02 

0.04 

0.55 

0.11 

0.02 

0.04 

0.72 

12 

JL 

0.03 

0.01 

0.04 

0.05 

1.00 

0.16 

0.04 

0.05 

1.26 

18 

7B 

0.04 

0.01 

0.05 

0.06 

1.64 

0.20 

0.05 

0.06 

1.95 

24 

A 

0.07 

0.01 

0.06 

0.08 

2.63 

0.30 

0.08 

0.08 

8.09 

80 

0.0» 

0.02 

0.11 

0.08 

8.6? 

0.40 

0.11 

0.08 

4.24 

*t 

1 

0.11 

0.02 

0.18 

0.08 

4.33 

0.40 

0.13 

0.08 

4.94 

U 

ai8 

0.02 

a  15 

0.08 

5.10 

0.52 

0.16 

0.08 

5.85 

« 

In 

0.16 

0.02 

0.18 

0.00 

6.17 

0.52 

0.18 

0.09 

6.96 

48 

\iS 

0.22 

0.08 

0.25 

0.12 

8.68 

0.W 

0.25 

0.12 

10.04 

« 

IH 

0.26 

0.08 

0.29 

0.12 

10.10 

0.99 

0.29 

0.12 

11.50 
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Art.  6.  €ast-Ir#n  Pipe  J#l«ta.  PhUad^phia  standard.  The  clear 
distance,  d,  between  the  spigot  and  the  faucet,  is  nearly  uniform  for  all  sizes 
of  pipe,  varying  only  from  X  inch  for  4-inch 
pipe,  to  A  inch  for  SO-inch  pipe.  The  d^th, 
m  n,  of  the  faucet  varies  from  3  ins  in  4-fnch 
pipe,  to  4  ins  in  30-inch  pipe. 

The  small  beads  at  s  and  m,  ^  and  mf  on  the 
spigot  end  of  the  pipe,  project  about  }^  inch ; 
and  prevent  the  calking  material  from  enterins 
the  pipe.  The  calking  consists  of  about  1  to  2 
ins  in  depth  of  well-rammed,  untarred  gasket, 
or  rope  yarn ;  above  which  is  poured  melted 
lead,  confined  from  spreading  by  means  of  clay 
plastered  around  the  Joint.  The  lead  is  after- 
wards compacted  by  a  calking  hammer. 

The  lead  is  poured  through  a  hole  left  in  the 
clay  on  the  upper  side  of  the  pipe.  In  large 
pipes,  two  additional  holes  are  left  in  the  clay, 
one  at  each  side  of  the  pipe,  and  lead  is  first 
poured  into  the  side  holes  by  two  men  at  once, 
one  man  pouring  into  each  side  hole  until  the 
oint  is  half  full.  The  side  holes  are  then 
stopped,  and,  after  the  lead  already  poured  has 
hardened,  the  two  men  finish  the  pouring  by 
means  of  the  top  hole.  This  course  is  necessary, 
because  the  great  weight  of  melted  lead  in  the 
entire  large  joint  would  press  away  the  clay  at  the  lower  side  of  the  jointf  and 
thus  escape. 

The  moisture  in  the  clay  is  liable  to  freeze  in  cold  weather,  and  to  render  it  too 
hard  to  be  used.  It  is  also  liable,  at  all  times,  as  is  also  any  dampness  in  the  pipe, 
to  be  converted  into  steam  by  the  heat  of  the  melted  lea^  The  steam  sometimes 
breaks  out,  or  "  blows  "  through  the  clay,  allowing  the  lead  to  escape. 

Art.  7.  The  Watkins  patent  «^  Pipe  Jointer  ''  avoids  these  difficulties  by 
dispensing  with  the  ring  of  clay.   It  consists  of  a  ring  B,  Figs  39  and  40,  of  square 
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cross-section,  and  made  of  packing  composed  of  alternate  layers  of  hemp  cloth 
and  India  rubber.  This,  ring  is  encircled  by  one  or  more  thin  stri;^  of  sprint 
steel,  which  are  riveted  to  it  at  intervals,  as  shown.  E  E  are  iron-elbows  riveted 
outside  of  the  steel  bands.  After  the  gasket  has  been  rammed  into  its  place,  the 
ring  is  placed  around  the  spigot  near  the  faucet,  in  the  position  shown  in  Fig  40, 
and  is  held  loosely  by  the  clamp,  Fi^  41,  one  point  of  which  enters  a  small  pit  io 
each  of  the  elbows,  £  E.  The  ring  is  then,  by  means  of  a  hammer,  driven  close 
up  against  the  end,/,  of  the  faucet,  Fig  38 ;  the  screw  of  the  clamp  is  tightened 
somewhat,  so  as  to  bring  the  ring  close  to  the  spigot;  a  small  dam  of  clay  is 
placed  in  front  of  the  aperture  between  the  two  elbows,  E  E;  and  the  joint  is 
ready  for  pouring.  After  the  lead  has  hardened,  the  **  jointer  "  is  removed,  and 
is  ready  for  use  at  another  joint.  Upon  its  removal  the  lead  is  found  smooth, 
requiring  no  chipping.  One  can  be  used  for  several  hundred  joints.  They  dis- 
pense with  the  services  of  the  men  who  prepare  the  clay  collars,  and  supply  theoi 
to  the  pourers.    Thos.  Watkins,  Johnstown,  Pa, 
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Art.  ft.    As  a  ftiriher  prereotiTe  Against  the  efl«a|»e  of  any  of  ilie  ns- 

iLet  liiUi  the  pipe,  a  rinst  of  lead  pipe  is  sometimes  placed  in  the  Joint 
before  the  gasket  is  inserted.  This  lead  pipe  is  of  such  diameter  that  it  can  Just 
be  x>a8hed  through  the  spaoe,  d,  Fig  88,  between  the  spigot  and  the  faucet ;  and 
of  such  length  as  Just  to  encircle  the  water-pipe.  It  la  driven  as  closely  as  pos- 
sible into  the  narrow  annular  space  at-o  o,  Fig  38.  The  gasket  is  then  rammed 
in,  :md  the  lead  poured,  as  usual. 

Art.  0.  In  John  F.  Ward's  flexible  Joint,  Fig.  42,  for  cast-iron 
pipes  laid  across  the  irregular  beds  of  streams,  a  portion,  a  o,  of  the  inside  of  the 
Dell  B  is  accurately  turu^  to  form  the  middle  n>n«  of  a  sphere,  with  center  at  C, 

and  the  narrow  surface  m  m,  on  the 
outside  of  the  spigot  8,  is  turned  to 
form  a  segment  of  a  sphere  accurately 
fitting  th«  former.  The  lead  is  poured 
while  the  two  adjaeent  lenvths  of  pipe, 
resting  on  suitable  TesseTs  or  flWs, 
are  in  a  straight  line,  or  nearly  so.  Hie 
lead  occupies  the spaeemn,ebo WD  black, 
and  is  held  in  place  on  the  spigot  by  the 
depression  dd.  As  fist  as  the  Joi  nts  are 
thus  filled,  the  floats  are  moved  for- 
ward, and  the  pipes,  if  small,  are  passed 
iiitosnallow  water  without  further  care. 
Suitable  apparatus  is  used  for  lowering 
large  pipes  into  deep  water  without  un- 
due strain  on  the  Joints.  The  Joint  per- 
mits a  deflection  of  15^,  as  shown ;  but 
further  deflection,  which  would  be  lia- 
ble to  split  the  bell,  is  prevented  by  ttie 
stops  at  0  0  on  the  bell  and  v  v  on  the 
spigot.  In  some  casesprelimi  nary  dredg- 
ing mav  be  expedient,  to  diminish  abrupt  irreeularities  of  the  bottom.  Over 
thirty  lines  of  pipe  furnished  with  this  Joint  nave  been  successfully  laid,  of 
diameters  up  to  3  feet. 

Art.  10.  In  Figs  43,  A  is  a  double  brancbt  which  is  a  pipe  having,  in 
addition  to  the  faucet,  c,  at  one  end,  two  others,  s  and  i,  to  which  pipes  leading  in 
opposite  directions  (as  at  cross-streets)  may  be  attached.  If  either*  or  t  be  omitted, 
the  pipe  is  a  slnsle  branch.  The  pipe  is  stronger  when  these  extra  faucets 
are  near  its  end,  tnanif  they  were  at  its  mid  die.  In  alongllneof  pipes,forthesake 
of  expedition,  difierent  gangs  of  men  are  frequently  laying  detacned  portions  some 
distance  apart ;  and  when  two  ends  of  diflferent  portions  are  brought  near  enough 
together  to  be  united,  as  A  and  r,  Fig  C,  their  Junction  cannot  be  effected  by  the 
usual  spigot-and-faucet  Joint.  In  this  case  a  cast-iron  sleeire,  /  f,  is  used,  which  is 
first  slid  upon  one  of  the  pieces  of  nipe ;  and  (after  the  other  piece  also  is  laid)  is 
slid  back  into  the  position  in  the  ng,  so  as  to  cover  the  Joint.   Sleeves  are  usually 

about  a  foot  long ;  as  thick  as 
A  n  the  pipe;  and  their  diam  is 

^  "  sufficient  to  allow  the  usual 

Joint  of  gasket  and  lead. 
There  is  of  course  such  a  Joint 
at  each  end  of  the  sleeve. 

Art.  11.  When  a 
crack  c^conrs  In  a  pipe, 
a  a,  Fig  B.  already  in  use,  it  is 
repaired  by  means  of  a  cast- 
iron  sleeve,  g  g,  made  in  two 
parts,  bolted  t(^ether  by 
means  of  flanges  as  at  n  n.  In 
other  respects  it  is  like  the 
preceding  sleeve.  The  inter- 
mediate white  ring  is  the  lead 
Joint.  If  the  crack  is  too  long,  or  otherwise  too  bad  to  be  remedied  by  a  sleeve, 
the  pipe  is  broken  to  pieces ;  and  the  lead  joints  at  its  ends  melted  out,  so  as  to 
allow  of  its  removal.  Then,  since  an  entire  new  pipe  cannot  now  be  inserted, 
owing  to  the  overlapping  of  the  spigot-and-faucet  enas,  two  short  pieces  must  be 
substituted  for  it.  One  end  of  each  of  these  is  lead-Jointed  to  the  pipes  already 
laid  ;  while  the  other  two  ends,  which  will  probably  be  a  few  inches  apart,  are 
covered  by  a  sleeve,  1 1,  Fig.  C.  >^  i 
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'  Cxaeks  may  at  times  be  temporarily  repaired  in  an  emercency,  by  a  wrapping 
of  folds  of  canvas  thoroughly  saturated  with  white-lead  paint ;  and  tightly  eon* 
fined  to  the  pipe  by  a  spiral  banding  of  thin  hoop- 
iron  or  wire.  Or,  by  au  iron  band,  made  in  two 
parts,  B  B,  Fig  44,  and  clamped  together  by  screw- 
[>oIts,  8  S.  Such  bands  are  useful,  also,  for  strength- 
ening pipes  that  are  considered  to  be  in  danger  of 
bursting. 

Art.  12. 
to  one. 


•t.  12.  To  attaeli  a  pipe,  e,  Tig  43, 
me,  /;  already  in  use,  out  in  which  no 
sion  has  been  made  for  such  attachment,  a 


yig.4^ 


provision 

piece  may  be  cut  out  of/,  as  at  v  v,  and  a  casting,  e, 
furnished  with  flanges,  m  m,  bolted  over  the  opening,  by  screw-bolts  passing 
through  female  screws  tapped  in  the  thickness  of  the  pipe.  If  the  new  pipe  ii 
so  large  that  the  opening,  v  v,  if  circular,  would  be  inconveniently  wide,  it  may 
be  made  oval,  with  the  longest  diameter  in  the  direction  of  the  length  of  the 
pipe,  /.  In  that  case  the  casting  s  will  be  oval  at  its  flanges ;  and  circular  at  c  c. 
Art.  13.  Air  valves.  Air  is  apt  to  collect  gradually  at  the  high  points 
of  vertical  curves  along  the  supply  pipes:  and,  unless  removed,  obstructs  the 
flow.    This  may  be  prevented  by  au  air  valve,  Fig  44A.    This  consists  of  a  cast* 


Fif.  44A. 


iron  box,  ecdd,  confined  to  the  main  pipe  mm,  by  screw-bolta  passing  through 
its  flange  d  d.  It  has  a  cover  gng,  confined  to  it  by  screws  tt;  and  at  the  top 
of  which  is  an  opening  n,  for  the  escape  of  air  from  within.  In  this  box  is  a 
float/,  which  may  be  a  close  tin  or  copper  vessel,  or  of  layers  of  cork,  as  sup- 
posed in  the  fig;  or  &c.  This  float  has  a  spindle  or  stem  s  «,  fast  to  it;  which 
passes  through  openings  in  the  bridge-bars  a  a,  and  o;  thereby  allowing  the  float 
to  rise  and  fail  freelv,  but  preventing  it  from  moving  sideways.  When  the  pipe 
m  m  is  empty,  the  float  is  down ;  its  base  p  resting  on  the  cross-bar  a  a.  The 
stem  s  s  has  fixed  to  it  a  valve  v,  which  rises  and  falls  with  it  and  the  float. 
Suppose  the  pipe  in  m  to  be  empty,  and  consequently  the  float  and  the  valve  v 
down.  Then,  if  wat«r  be  admitted  into  the  pipe,  it  will  rise  and  fill  also  the  box 
as  far  up  as  e ;  and  in  doing  so  will  lift  the  float/,  and  the  valve  v,  to  the  poaition 
in  the  fig ;  thus  preventing  egress  to  the  outer  air  by  closing  the  opening  at  v. 
Now,  air  carried  along  by  the  water,  will,  on  account  of  its  ilghtuess,  ascend  to 
the  highest  points  it  meets  with. 
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Hence,  when  such  air  arrires  under  the  openiog  a  a,  it  will  rise  through  it, 
and  ascend  to  e;  the  closed  TaWe  preTenting  it  from  going  farther.  Thus 
successive  portions  of  air  ascend,  and  in  time  accumulate  to  such  an  extent 
as  gradually  to  force  much  of  the  water  downward  out  of  the  box.  When 
this  takes  place,  the  float,  which  is  held  up  only  hj  the  water,  of  course  de- 
scends also ;  and  in  doing  so,  pulls  down  with  it  the  ralTe  «.  The  accumulated 
air  then  inatantlj  escapes  through  the  openings  at  v  and  i»,  into  the  at-mosphere ; 
and  the  water  in  the  pipe  mm,  immediately  ascends  again  into  the  box,  carr^ 
ins  with  it  the  float ;  and  thus  again  closing  the  valve  v.  The  Talve.  and  the 
▼alve-seat  «,  are  faced  with  brass,  to  avoid  mst,  and  consequent  bad  fit.  The 
whole  is  protected  by  an  iron  or  wooden  cover,  reaching  to  the  level  of  the  street. 

Air  TalTes  are  no  longer  used  in  eitj  pipes;  their  place  being 
supplied  bj  the  fireplugs  at  average  distcnces  of  about  150  jards  apart.  These, 
being  placed  as  much  as  possible  at  the  summits  of  undulations  in  the  lines  of 

Jiipea,  for  convenience  of  washing  the  streets,  and  being  frequently  opened 
Sor  that  purpose,  permit  also  the  escape  of  accomulated  air. 
Tbe  escape  of  compressed  air  tluronarli  an  air  valve,  or 
other  openinar,  Ium  been  known  to  proonce  bnrstins  of  tbe 
main  pipes :  for  the  escape  is  instantaneous,  and  permits  the  columns  of 
water  in  the  pipes  on  both  sides  of  the  valve,  to  rush  together  with  great 
forces,  which  arrest  each  other,  and  react  against  the  pipes. 

Air-Tessehu  Motion  is  impsrted  to  the  wtter  in  a  line  of  pipes,  by  the 
fonrard  stroke  of  the  piston  of  a  single-aeting  pump:  but  during  the  backward 
stroke,  this  motion  is  stopped ;  and  the  water  in  tbe  pipes  eomes  to  rest.  There- 
fore, at  the  next  forward  stroke,  all  the  water  has  to  be  again  set  in  motion ; 
and  the  force  that  must  be  exerted  by  the  pump  to  do  tliis  is  much  greatei  than 
would  be  required  if  the  motion  previously  imparted  had  been  maintained 
during  the  time  of  the  backstroke.  The  addition  of  an  air-vessel  secures  this 
maintenance  of  motion,  and  thus  efllBets  a  great  saving  of  power;  besides  dimin- 
i^ing  the  danger  of  bursting  the  pipes  at  each  forward  stroke.  It  is  merely  a 
tall  and  strong  air-tight  iron  box,  usuallv  cylindrical,  strongly  bolted  on  top 
of  the  pipes  Just  beyond  the  pnmp,  and  communicating  freely  with  them 
through  an  opening  in  iU  base.  It  Is  full  of  air.  The  forward  stroke  of  the 
piston  then  forces  water  not  only  along  the  pipes,  but  also  into  the  lower  part 
of  the  air-v«ase\,  throagh  the  opening  in  its  base;  thus  compressing  its  con- 
tained air.  But  during  the  backstroke,  this  compressed  air,  being  relieved  from 
the  pressure  of  the  pomp,  expands;  and  in  so  doing  presses  upon  the  water  in 
the  pipes,  and  thus  keeps  it  in  motion  until  the  next  rorward  stroke ;  and  so  on. 
Xn  air-vessel  also  aeU  as  mn  mir  muhim;  permitting  the  piston  to  apply  its  force 
to  the  water  in  tlie  pipes  gradually:  thus  preserving  both  the  pipes  and  the 
pomp  from  violent  shocks.  The  air  in  the  vessel,  however,  becomes  by  degrees 
absorbed  and  taken  away  bv  the  water;  and  its  action  as  m  regulator  then 
teases.  To  prevent  this,  treah  air  must  be  foreed  into  tbe  vessel  from  time  to 
time  by  a  condenser,  or  forcing  air-pump.  A  dotMe-aeting  pump  does  not  to 
much  need  an  air-vesseL  There  is  no  particular  rule  for  the  size  or  capacity  of 
Air-vessels.  In  practiee  it  appears  to  vary  from  about  ff  to  60  times  that  of  the 
pump;  with  a  height  equal  to  two  or  more  times  the  diameter.  A  stand-pipe 
IIMo  below)  Is  sometimea  used  instead  of  an  air-vesseL 

A  stansi*pipe  is  sometimes  used  for  the  same  purpose  mm  an  air-vessel  (sea 
above).  It  is  a  tall  pipe, open  to  the  air  at  top;  and  communicating  fraely  at 
ita  foot  with  the  water-pipe,  in  the  same  manner  as  in  an^air-veesei  Its  top 
DKUSt  be  somewhat  hiffher  tnan  that  to  which  the  pump  has  to  force  the  water 
through  the  system  of  pipes;  otherwise  the  water  would  be  wasted  by  flowing 
over  its  top.  The  area  of  its  transverse  section  should  be  at  least  equal  to  thai 
of  the  pipe  or  pipes  which  ooaduot  the  water  firom  it;  but  it  ia  at  times  better 
to  have  it  much  larger,  as  a  stand-pipe  may  then  answer,  especially  in  a  small 
town,  a»  •  re$ervoir.  if  the  pumping  should  cease  for  a  few  hours.  A  stand-pipe 
should  be  eyllodrioal,  not  conical ;  for  if  thick  ice  should  form  on  top  of  the 
water  in  a  c<mical  one.  a  sudden  forcing  of  it  upward  by  the  pump  misfat  strain 
tbe  etand-pipe  seriously.  The  stand-pipes  connected  with  the  Philadelphia 
Water- Works  are  from  126  to  170  feet  high ;  6  feeidlameter ;  and  made  of  riveted 
boiler-iron  about  %  inch  thick  near  the  base,  and  about  ^  inch  near  the  top. 
They  have  no  protoctien  flrom  the  weather ;  nor  are  they  braced  in  any  manner; 
bat  retain  their  positions  by  their  own  inherent  strength,  althougb  sxpcaad  at 
tiaMs  to  violent  winds.  D,g,„3d  by  GoOgl*. 
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Art.  14.    The  serriee-plpes  for  stippl ylniT  single  dwelllaira, 

•re  of  l«ad ;  and  of  ^^  to  ^  inch  bore.  They  are  oonnected  with  the  street  maini, 
n  n,  Fig  45,  by  a  httMs  ferrule,/,  here  shown  at 
Ki  real  size.  The  dotted  lines  show  its  ^  inch  bore. 
The  tapering  fermle  is  merel;!^  hard  driven  into  a  cyl- 
indrical bole  reamed  oat  of  the  main,  as  at «.  The  lead 
pipe,  o,  is  attached  to  the  other  end  of  the  ferrule ; 
OTerlapping  it  about  1^  Ins ;  and  the  ^int  soldered,  U 
The  extra  thickness  n«ar/,  is  for  giving  proper  shape 
and  strength  for  hammering  the  ferrule  into  the  main. 
The.pipe  and  solder  are  shown  in  section.  Besides  the 
stopcocks  attached  to  each  service-pipe,  and  to  its 
branohes  through  the  house,  there  is  an  underground  one  by  which  the  city  authori- 
ties can  stop  ofif  the  water  in  case  of  delinquency  in  payment  of  dues ;  and  another 
by  which  the  plumber  can  stop  it  off  when  so  required  during  indoor  repairs.  Olkl- 
Tanised  Iron  tabes  are  b^ng  much  used  for  service-pipes,  especially  for  hot 
water ;  being  less  subject  to  contraction  and  ezpaosion,  which  produce  leaks. 


Tig.  46. 


Art.  15.  The  so-called  '^ corjporatlon  stops*'  or  ^ corporation  cocks" 
are  inserted  into  the  pipe  by  a  special  macliine,  Fig  46.  Their  great  advantage  over 
the  flnrule.  Pig  46,  is  that  tney  can  be  inserted  Into  a  pipe  when  the 
latter  is  ftill  of  tvater  under  pressure.    Besides, 

inaamuch  as  thoy  are  sarwed  Into  the  pipe,  they  are  in  no  danger 
of  being  forced  out  of  it  by  any  preannre  witiiin  it.  As  their 
name  implies,  they  are  furnished  with  a  stop-valve,  which  is  kept 
clused  while  the  valve  is  being  inserted  into  the  pipe,  and  is  then 
opened,  and  generally  renniiiis  open  permanently. 

Pipe-tappin|i:  marlitnes,  fbr  drilling  and  tapping  tht 

pipe,  and  fur  attaching  these  stops,  are  made  in  a  variety  of  forms. 

Fig  46  shows  one  made  by 

Walter  S.  Paviie   A 

Oo.,  Fofltoria,  Ohio.     Each 

of  tlieee  machines  is  furnished 

with  a  number  of  malleable 

CH8t-Iron  saddles,  which  fit  the  various  diams  of  pipe 

with  whi(  h  it  is  to  be  used.   The  saddle  is  not  shown 

in  the  fig.    It  in  fastened  to  the  pipe  by  a  chain  slung 

r  around  the  latter.    The  chain  is  tightened  by  a  bolt 

and  nut  at  each  end. 

The  hraas  cylinder,  C  C  (Into  which  a  tap-and-driU, 
T,  and  the  Btop,  S,  have  tint  been  Inserted),  is  then 
screwed  into  the  saddle  by  means  of  the  thread  at  A, 
The  9h)|p  is  temporarily  screwed  on  to  a  mandrel,  M. 
Thifl  mandrel,  and  the  drill-shank,  K,  pass  through 
stuffing' boxeR  cant  in  one  with  the  head  of  the  cyl. 
By  means  of  a  handle,  not  shown  in  the  fig,  this  head 
is  now  revolved  (while  the  body  of  the  cyl  remains 
stationary)  bo  as  to  bring  the  drill,  T,  and  stop,  S,  into 
the  respective  positions  shown  in  the  fig.  When  the 
cyl  head  comes  to  the  proper  position,  it  is  stopped  by 
a  lug  inside  of  the  cyl.  The  drill  is  then  immediately  over  the  center  of  a  large 
circular  opening  in  the  base  of  the  cyl,  C  C,  and  over  a  similar  opening,  through  the 
saddle,  to  the  surface  of  the  pipe  to  be  lapped.  It  is  then  pushed  down  until  it 
touches  said  pipe.  The  ratchet-wrench,  W  W,  is  then  set  on  tlie  square  head  of  the 
drill-sliank,  K ;  the  feeder-yoke,  T,  with  feed  screw,  F,  is  put  in  position  as  shown ; 
and  the  pipe  is  drilled  and  tapped  by  working  the  wrench ;  whereupon  the  water  In 
the  pipe,  if  under  pressure,  rushes  out  through  the  hole  thus  made,  and  fills  the 
cylinder. 

By  reversing  the  position  of  the  switch  on  the  ratchet  In  the  wrench,  W,  and  by 
working  the  latter,  the  tap  is  nowwithdrawn  from  the  hole,  but  remains  in  the  cyl. 
The  cyl  hrad  is  now  revolved  so  as  tn  reverse  the  poeltions  of  S  and  T ;  the  lug  in- 
side of  the  cyl  stopping  the  head  when  the  stopiB  Immediately  over  the  hole.  By 
means  of  the  ratchet-wrench,  applied  to  the  square  head  of  the  mandrel,  M,  the  stop, 
8  (tfut  valve  of  which  mmi  be  eloml),  is  now  screwed  into  the  hole,  but  only  far  enough 
to  hold  securely,  and  thus  prevent  the  further  escape  of  the  water  from  the  pipe 
when  the  machine  is  now  removed.  The  stop  is  now  screwed  firmly  Into  place  by 
means  of  a  wrench  applied  to  a  square  on  the  stop  itself.  When  the  pres  in  the  pipe 
exceeds  about  200  lbs  per  sq  inch,  the  feeding  apparatus,  as  used  With  the  drill  (Mt 


Fiff.  4e. 


"),  may  l>e  also  used  in  aiding  tlie  insertion  of  the  stop. 
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Tlw  mandrel,  M,  it  made  In  two  lenfftlw  (om  of  whicb  screwa  infco  the  other)  I« 
•rder  that  the  upper  part  majr  be  out  of  the  way  of  the  wrench-haudle  while  drill- 
lug.  It  lias  three  or  more  diff  threadn  at  its  foot,  to  suit  diff  sizev  of  stop.  Stupe, 
made  to  suit  the  machine,  are  furnished  as  wanted. 

The  machine  can  work  in  any  direction  radial  to  the  pipe,  and  can  therefore  be 
nsed  for  tapping  a  pipe  in  any  part  of  its  circumference. 

After  the  stop  is  inserted,  tlie  service-pipe  is  attached  to  its  outer  end  by  a  coup- 
ing  nut  passing  over  the  thread  there  shown. 

The  machines  are  goaraoteed  to  tap  under  a  yiewuie  of  600  ft«  per  iqnare  Inch. 

Art.  15  su  Tbe  pneumatic  dome  Figs.  46  a,  and  4»  A,  invented  by 
Mr.  N.  Monroe  Hopkins,  of  Washington,  D.  C,  is  designed  to  prevent  the  burst-, 
ing  of  water-pipes  in  freezing  weather. 

in  unprotected  pipes,  tbe  water,  in  freezing,  is  unable  to  expand  longitudi- 
nally, and  therefore  frequently  bursts  the  pipe  in  expanding  lat- 
erally. The  domes,  being  placed  in  the  pipe,  as  shown^at  intervals^ 
of  about  12  feet,  where  freezing  is  to  be  apprehended,  permit  the 
longitudinal  expansion,  which  pushes  the  ice  in  both  directions 
toward  each  dome,  where  it  compresses  the  air-cushion  there  pro* 
▼ided.  In  the  horizontal  dome.  Fig.  46a,  the  double  inclined  planes, 
cast  in  its  lower  side  at  c,  compel  the  two  horizontal  columns  of  ice 
to  rise  into  the  dome,  instead  of  merely  abutting  endwise  against 
each  other.  — 

In  order  to  insure  that  the  domes  in  a  system 
(such  as  those  for  a  house  or  mill  or  on  a  bridge) 
shall  not  be  deprived  of  their  air  by  the  flow 
of  the  water  in  the  pipes  below  them,  an  in- 
spirator is  placed  in  the  pipe  at  the  entrance 
to  the  system.  The  inspirator  consists  essen- 
tially of  a  constriction  in  the  pipe,  which  in- 
ciMses  tbe  velocity  of  flow  at  that  point,  mnd  thus  causes  an  indraft  of  ftir 
through  a  valve  provided  for  the  purpose  (see  Venturi  meter,  page  632).  The 
air,  thus  introduced,  is  carried  along  the  pipe  In  bubbles  between  tbe  surface 
of  the  water  and  the  top  of  the  pipe,  and  is  entrapped  by  the  domes.  When, 
by  dosing  faucets,  etc.,  tne  flow  in  the  pipe  is  checked,  the  increase  of  pressure 
cloees  the  valve. 

Severe  tests  of  both  large  and  small  pipes  (4-inch  and  ^-Inch),  protected  by 
these  domes,  have  shown  them  to  be  always  effective  in  preventing  rupture. 


Fio.  46  a. 
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Art.  16.  Stop-Talves,  or  yates^  opening  vertleally  tn  grcoTM,  are  placed 
acroM  the  street  pipes  at  intervals  of  from  100  to  SOO  yds.  Their  use  is  to  shut  off 
the  water  from  anj  section  during  repairs ;  the  water  of  snch  sections  being  allowed 
to  run  to  waste,  and  to  soak  into  the  gronnd. 

Th«  details  are  mnch  varied  by  diff  makers. 


Fiff.  47. 


Fis.  48. 


7!g8  47  and  48  show  such  a  gate  made  by  Chapman  Talve  Mfg  Go,  Indiaa 
Orchard,  Mass.  The  valve,  v,  is  cast  in  one  piece.  When  down,  as  in  the  figs,  ift 
closes  the  pipe.  As  in  other  styles,  it  opens  vert  by  means  of  a  screw,  D,  the  valve 
rising  into  the  cast-iron  case  or  box,  B  B,  and  leaving,  when  all  the  way  up,  an 
opening  of  the  fhll  diam  of  the  pipe.  The  screw  is  turned  by  a  wrench  fitting  on 
its  sanare  head,  h.  The  screw,  D,  itself,  is  prevented  from  moving  vert  by  the  col* 
lar,  C. 

The  two  principal  castings  which  compose  the  box  or  cover  are  boU«d  together  by 
means  of  flanges,  g.  The  Joint  faces  of  the  castings  are  carefully  smooth^ ;  and  a 
thin  strip  of  lead  is  inserted  between  them*as  a  precaution  against  leaks.  The  recess, 
R,  admits  small  particles  of  foreign  matter  which  might  otherwise  prevent  the  gate 
from  closing  perfectly.  The  valve  seats  are  faced  with  Babbitt  metal.  At  the  top 
of  the  cover,  the  screw  stem  passes  through  a  stuffing-box,  which  prevents  leaking 
at  that  point.    Very  careful  workmanship  is  required  thronghoot. 
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Art.  17.  Fig  49  shows  an  arraDCwneot  wlill  ontolde  ecrew  for  raising 
and  lowering  the  valre.  Here  the  screw,  D,  does  nut  revolve,  bnt  Is  attached  to  the 
valve,  and  rises  and  falls  with  it,  being  raised  or  low- 
ered bj  turning  the  wheel,  W,  at  the  center  of  which  is 
a  nnt  through  which  the  screw  passes.  The  nut  i8  fixed 
in  the  wheel,  and  is  so  confined  that  it,  and  the  wheel, 
cannot  move  vertically. 

Art.  18.  A  foar*way  stop,  or  fonr-waj' 
valve.  Figs  50  and  51,  is  placed  at  the  intersection  of 
two  mains ;  the  four  ends  of  which  are  attached,  respec- 
tively, to  the  four  openings,  M  M  M  M.  At  the  bottom 
is  an  additional  opening,  connecting,  by  means  of  an 
elbow,  H.  with  pipes  running  to  a  fire-hydrant  at  the 
street  curb.  See  Arts  20  and  21.  Two  or  more  of  such 
bottom  openings  may  be  made,  if  desired,  for  the  sup- 
ply of  as  many  fire-hydrants.  All  of  the  openings  are 
opened  or  closed  at  one  time  by  raising  or  lowering 
the  valve  or  plug,  P,  by  means  of  a  wrench  or  key  ap- 
plied to  the  square  head,  8,  of  the  screw  stem.  As  in 
Figs  47  and  48,  the  scraw  turns,  but  is  prevented  from 
rising  and  falling,  and  the  plug  moves  up  and  down  on 
the  screw. 

Inasmuch  as  all  sediment  escapes  into  the  bottom 
opening  which  leads  to  the  fire-hydrant,  the  valve  Is  not 
liable  to  clocagiog  through  this  cause.     The  flre-hy- 


Fis.  49 


irig.50 


S"1«S.51 


drani,  Lvin^  led  from  both  of  the  mains,  obtains  a  fuller  supply  than  would  be  possi- 
ble if  it  were  fed,  a«  usual,  through  only  one  main. 
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Art.  10.  Whaterer  t1i«  stjle  of  the  gate  may  be,  it  to,  when  attached  to  the  pipe^ 
profeeted  by  a  sarronnding  box,  generally  of  plank  or  cast-iron,  with 
lonr  sides,  which  taper  so  that  the  box  is  of  smaller  hor  section  at  top  than  at  bottom. 
It  is  open  at  bottom,  but  has  a  movable  iron  top,  level  with  the  street.  This  top  is 
taken  off  when  the  valve  is  to  be  opened  or  closed,  or  inspected.  Two  of  the  oppo- 
site sides  of  the  box  of  course  have  openings  for  tlte  passage  of  the  pipes  to  or  from 
the  valve. 

The  gates,  especially  of  large  mains,  must  be  closed  very  slowly.  Otherwise,  the 
too  sudden  arresting  of  the  momentum  of  the  flowing  water  would  be  apt  to  break 
either  them  or  the  covers ;  or  burst  the  pipes.  As  a  precaution  against  this,  the 
covers  for  very  large  valves  are  cast  with  outside  strengthening  ribs. 

No  self-acting  air-valves  (Fig  44  A)  are  now  placed  at  street  summits,  to  allow 
confined  air  to  escape.  The  fire-plugs  answer  Instead.  The  rad  for  hor  beadi  in 
mains  is  if  possible  not  less  than  about  12  times  their  diams;  they  are  made  as  large 
as  the  widths  of  the  streets  will  admit ;  usually  about  50  ft.  Fire-plaffS^  Figs 
62,  Ac,  are  placed  as  much  as  possible  at  summits,  so  as  to  serve  also  for  w*»bUig 
the  streets ;  and  for  the  escape  of  accumulated  air.  They  average  about  8  U»  ttMss- 
ber  to  each  mile  of  pipe ;  or  1  to  each  block  of  boildlagt. 

confined  air  to  escape.  The  fire-plugs  answer  Instead.  The  rad  for  hor  bends  In 
mains  Is  if  possible  not  less  than  snout  12  timeA  ttacrlr  diams ;  they  are  made  as  large 
as  the  widtns  of  the  streets  will  admit ;  usnally  about  50  ft.  Fire-plngrs^  Figs 
52,  Ac,  are  placed  as  much  as  posfiible  at  summits,  so  as  to  serve  also  for  washing 
the  streets ;  and  for  the  escape  of  accumulated  air.  They  average  about  8  in  num- 
ber to  each  mile  of  pipe;  or  1  to  each  block  of  buildings. 
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AvU  2^m  Fig  62  fepraieBte  m  oommon  rtraet  fir^-plnf,  or  flve.liydlp»iit« 


The  TalTe,  »,  {«  of  layers  of  well- 
hammered  sole-leather;  and,  when 
closed,  shnts  against  a  brass  ring 
■eat,  0,  which  ii  coullned  to  its  place 
by  a  lead  |oiQt.  The  valve  is  opened 
by  working  down  the  screw,  •, 
which,  by  means  of  a  swivel  joint 
at  a,  can  revolve  without  turning 
the  valve-rod,  y.  When  the  valve, 
V,  is  cloBed,  after  the  ping  has  been 
in  ase,  tha  chamber,  c,  is  full  of 
water,  which,  if  allowed  to  remain, 
would  be  in  danger  of  freezing, 
and  of  bursting  the  ping.  But,  in 
closing  the  valve,  we  raise  the 
flange,  2,  on  the  rod,  and  thus  allow 
the  water  to  eBCfq;>e  through  the 
opening  at  I,  whence  it  runs  to 
waste  into  the  ground,  through  the 
open  lower  end  of  the  frost- 
Jncket,  JJt  which  ia  a  hollow 
cast-iron  cylinder  surrounding  the 
working  parts  of  the  hydrant. 
Being  free  to  slide  vert  It  rises  and 
Ihlls  when  the  level  of  the  ground 
is  disturbed  by  frost,  and  the  hy- 
drant is  thus  protected  against  in> 
Jury  from  this  cause. 

The  top,  tj  of  the  hydrant  case,  is 
cast  in  one  pieoe  with  the  cham- 
ber, c. 

The  stopper,  «,  screws  oa  over 
the  noule,  n. 

Art.  SI.  In  the  Chapman 
flre-bydrant,  Vigs  63,  64,  and 
66,  made  by  the  Chapman  Valve  Mf|g 
Ck>,  Indian  Orchard.  Mass,  the 
valve,  ▼  T,  is  a  slidina  one. 
The  stem,  y.  Fig  63,  to  which  the 
■crew,  ji,  is  attached,  is,  like  that  in 
Fig0  47  and  48,  prevented  from  mov- 
ing vert  by  a  collar,  fast  to  it  near 
Its  top,  and  confined  in  a  circular 
groove.  When  the  rod  and  screw 
are  made  to  revolve,  by  means  of  a 
wrench  applied  to  the  square  head 
of  the  former,  the  valve  slides  op 
or  down  on  the  screw,  admitting 
the  water  to,  or  shotting  it  off  from, 
the  hydrant.  The  valve  slides  on 
the  two  guides,  g  g,  which  are  cast  in  one  piece,  respectively,  with  the  two  vert  sides 
of  the  lower  part  of  the  hydrant.  Its  circular  face,  where  it  comes  into  contact 
with  the  hydrant  case.  A,  is  faced  with  a  gun-metal  ring,  e  e,  which  bears  against  a 
similar  ring,  made  of  Babbitt  metal,  let  into  the  hydrant  case. 

The  water*  left  in  the  hydrant  case  after  cloaing  the  valve,  escapes  through 
a  cylindrical  hole,  d,  about  %  inch  diam,  bored  through  the  guide,  g,  and  case,  h. 
This  hola  is  kt  such  a  ht  as  to  be  Just  above  the  top  of  the  loose  plate,  p,  when  the 
^Ive  is  closed,  m  in  Fig  63.  This  plate  lies  in  avert  groove  in  the  side  of  the  valve- 
easting,  and  is  pressed  against  the  side  of  the  case,  A,  by  two  spiral  springs  confined 
in  cavities,  e  c,  in  the  valve  casting.  When  the  valve  begins  to  rise,  the  hole,  d,  is 
1  by  the  plate,  p,  and  remains  so  until  the  valve  is  again  entirely  doeed. 


y  Google 


670  TEST  BORINGS. 

Test  Iloriiisa*  Fig*  i  »<^  2  show  %  tool  for  borlnir  tnt»  soils, 
•lajTy  mumI,  or  gra^^  even  when  quite  indurated,  or  when  froxen.  Il  wiU 
not  bore  through  o»rd  rock,  or  through  large  boulders.  It 
consista  of  two  sheet-iron  cylindrical  segments  S  S,  called 
**  pods,'*  having  their  lower  or  cutting  edges  shod  with  steeL 
These  edges  project  (as  shown  in  Fig  1)  beyond  the  sides  of 
the  auger,  and  thus  make  the  hole  lai^ser  than  it,  so  that  it 
cannot  bind  or  stick.  The  two  cutting  edges  are  equidistant 
from  the  vert  cen  line  of  the  tool,  and  this  insures  a  straight 
and  Tert  hole.  At  a  the  auger  is  attached  to  the  lower  end 
of  a  Tert  boring  rod  composed  of  a  number  of  1^-ineh  sonar* 
iron  bars,  <Hr  2)^inch  iron  tubes,  about  10  to  16  ft  long, 
Jointed  together  at  their  ends  by  means  of  square  sookat* 
joints.  At  the  top  of  this  boring-rod  is  a  swivel-hook,  by 
means  of  which  the  entire  apparatus  is  hung  to  the  and  of  m 
Fie  1«  Fio  2.     rope,  which  passes  over  a  pulley  at  the  top  of  a  derrick  of 

tripcKl,  and  down  to  a  drum  worked  hy  a  windlass  and  gear* 
ing.  By  means  of  this  drum  and  rope,  the  anger  and  boring-rod  (which  at  first  con* 
sists  of  only  one  bar)  are  lifted,  and  suspended  over  the  intended  hole.  The  auger 
Is  then  lowered,  and  rotated  hor  by  two  men  or  one  horse,  working  at  the  ends  of 
levers  which  grip  the  boring-rod  a  few  ft  above  the  ground.  The  swivel  at  the  top 
of  the  boring-rod  permits  this  rotation  to  take  place  without  twisting  the  rope. 
The  shape  of  the  auger  is  such  that  its  rotation  feeds  or  screws  it  into  the  ground; 
and  the  man  at  the  windlass  has,  during  the  boring,  merely  to  keep  the  rope  tight, 
so  as  to  prevent  the  auger  fnun  boring  too  fost,  and  becoming  clogged.  In  about  8 
revolutioos  the  anger  fills  with  earth.  By  means  of  the  windlass  it  is  then  raised 
to  about  2  ft  above  the  ground;  and  by  unkeying  and  removing  the  band  b  the  auger 
is  opened  like  a  pair  of  tongs,  and  the  earth  emptied  into  a  wooden  box  which  has 
in  the  meantime  been  placed  over  the  hole..  The  box  is  then  removed  and  emptied, 
and  the  boring  proceeds  as  before.  When  the  boring  has  reached  a  depth  of  about 
10  ft,  a  second  bar  must  be  added  to  the  top  of  the  rod.  For  this  purpose  the  rod 
and  auger  are  raised  a  few  inches ;  a  slight  frame-work  of  boards  is  placed  on  tha 
ground,  close  to  the  boring-rod  and  surrounding  it;  and  a  flange  is  clasped  tightly 
to  the  rod  Just  above,  and  close  to,  the  framework.  The  framework  and  flange  now 
support  the  rod  and  auger ;  the  swivel-hook  and  rope  are  removed,  and  attached  to 
the  upper  end  of  the  second  bar,  which  is  then  raised,  and  its  lower  end  Is  fkstened 
into  the  socket-joint  upon  the  top  of  the  flrst  one.  The  rope  is  then  drawn  tight; 
the  flange  removed ;  the  auger  lowered  to  the  bottom  of  the  hole ;  and  the  boring 
resumes  Additional  lengths  of  boring-rod  are  attached  in  the  same  way  from  tima 
to  time,  as  required  by  the  descent  of  the  auger. 

The  borers  may  be  made  from  6  to  18  inches  in  diameter,  or  larger.  If  desired, 
the  boring  may  be  made  from  24  to  36  ins  diam  by  attaching  a  reamer  to  the 
auger.  This  auger  will  bore  to  a  depth  of  100  ft  or  more  at  the  rate  of  from  6  to 
20  ft  per  hour.  It  removes  stones  a^)  large  as  half  the  diam  of  the  hole.  In  dry 
soils  a  bucketful  of  water  is  poured  into  the  hole  each  time  the  auger  is  raised. 

This  borer  may  be  advantageouslv  used  in  boring  the  holes  for  sand  piles, 
and  at  times,  instead  of  driTin^  wooden  piles,  it  may  be  better  to 
plant  them  (butt  down  if  preferred)  in  holes  bored  by  this  auger ;  ramming  the 
earth  well  around  them  afterwards.  This  will  «sv0  adjacent  buildiugs  from  the 
jarring  and  injury  done  by  a  pile  driver. 

If  sand,  mnd,  or  IcMMie  ffravel  is  renebed  in  boring  witii  this  tool, 
the  hole  is  reamed  out  4  ins  larger,  and  a  tubings  of  inch  boards  is  inserted 
into  the  hole,  and  driveu  into  and  through  the  sand  or  gravel,  which  is  then 
removed  from  within  the  tubing  by  means  of  a  sand-pnmp,  consisting  of  a 
hollow  iron  cylinder,  about  5  ins  diam  X  80  ins  long,  with  a  valve  at  its  foot, 
opening  upward.  The  sand-pump  is  lowered  to  the  bottom  of  the  hole ;  covered 
with  water  to  a  depth  of  2  to  4  ft,  and  churned  ouickly  up  and  down  4  to  6  ins, 
by  hand,  20  or  30  times,  during  which  the  sand  fills  the  pump,  which  is  then 
drawn  up  and  emptied.  From  10  to  20  ft  in  depth  of  sand,  mud.  Ac,  per  hour 
can  thus  be  taken  from  a  6  to  18-inch  hole.  This  pump  is  also  used  for  removing 
broken  earth.  Ac,  from  a  hole  bored  in  compact  earth  by  the  borer  fir^  described. 
Tlie  cosi,  with  derrick,  boring-rods,  rope,  sand-pump,  Ac,  Ac,  cmnplete,  is 
about  $175.  Tbe  angrer  weighs  from  150  to  ^  9^,  according  to  size. 
Boring-rod  1%  ins  sq,  8^  lbs  per  ft.    Derrick,  150  lbs. 

The  sand*borer.  Figs  3  and  4,  like  the  sand-pump  hist  described,  is  used 
Inside  of  tubing,  and  for  the  same  purpose.  The  hollow  iron  cylinder  C.  10  ins 
diam  X  80  ins  long,  Hlides  vertically  on  tbe  rod,  but  the  screw  is  fast  to  tne  rod. 
While  boring,  the  sand  below  and  around  the  cyl  keeps  it  in  the  position  shown  in 
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fig  S.  81z  revolutions  of  fb«  rod  and  Mrew  fill  th«  cyl  with  rand.  The  rod  is  thea 
Hfted.  This  Arat  draws  the  screw  op  into  the  cyl.  «s  in  Fig  4 ;  and  a  valre  at  th« 
feot  of  the  screw  cloees  the  botton  of  the  dyi,  and  preTeuts  the  sand 
from  falling  ont  when  the  borer  is  lifted  from  the  bole.  The  rod  is 
koUow,  and  open  at  top  and  bottom.  This  allows  passage  of  the  air, 
and  thus  preTenta  resistance  from  suction  in  withdrawing  tho  borer. 
This  tool  is  rotated  and  withdrawn  in  the  same  way  as  the  earth  borer  ^1 
first  described.    Cost  about  980. 

Steel  prospectliiir  ao^ers,  firom  2  to  4  ins  diam,  and  2  ft 
long,  are  used  for  boring  holes  from  2V^  to  6  ins  diam,  and  to  depUis 
of  10  to  60  ft,  into  clay,  fMtnd.  or  flue  trraT®!*  of  all  of  which 
they  bring  up  samples.  They  are  turned  by  wrencnes,  and  by  man 
or  horse  pow«r.    See  also  p  674 


The  borinir  ^ool  sbown  in  vert  seeilon  by  Fiv  6,     fios  8, 4 
and  in  hor  cross  section  by  Fig  6,  is  very  useful  for  borlus  snal* 
low  holes  by  hana  throni^h  sarO^ee  soils,  day,  and  gravel,  aii4 
bringing  up  samples.    The  borer  proper  consists  of  a  cylinder  of 
spring  steel,  3  or  4  ins  diam,  and  4  or  6  ins  high,  with  sides  ^ 
inch  thick,  having  a  vert  slit  (see  cross  section)  throughout  its 
height,  and  beveled  to  a  cutting  edge  all  around  its  foot,  as 
■hown  in  the  vert  section.    At  its  top  it  is  riveted,  as  shown,  or 
welded,  to  the  invarted-v-shaped  forging,  which,  by  means  of  the 
socket  at  its  top,  is  screwed  to  a  length  of  gas-pipe  which  serves 
•s  a  handle,  and  to  which  other  pieces  are  Joined  by  sockets  as 
boring  proceeds. 

The  boring  is  done  by  two  men,  who  grasp  the  handle,  and, 
holding  the  tool  vert,  drive  it  into  the  ground  by  repeatedly 
lifting  it  and  forcibly  bringing  it  down  upon  the  same  spot.  As 
the  tool  strikes  the  ground,  the  beveled  shape  of  its  cutting  edge 
eauses  it  to  open  slightly,  and  when  the  downward  pres  is  re- 
lieved in  lifting  it,  it  springs  back  and  grasps  the  earth  which 
has  entered  it.  It  soon  fills ;  and  the  men,  finding  that  it  ceases 
to  penetrate  readily,  lift  it  to  the  surface  and  empty  it.  The 
character  of  its  contents  from  different  depths,  measured  along 
the  handle,  is  noted  from  time  to  time. 

In  six  days  of  8  hours  each,  three  men  (one 
testing  at  intervals)  using  one  such  auger 
between  them,  bored  20  holes,  averaging  9}^ 
ft  each,  in  loam,  gravel,  day,  and  decom- 
posed mica  schist,  at  a  cost  of  22  cts  per  foot.  ^| 
Wages  of  each  man,  $2  per  day. 

For  work  in  loam,  day,  or  non-running 
•and,  an  elTective  serew-aager  can 
be  made  by  any  good  blacksmith,  by  merely 
fomUng  a  one-inch,  sq  bar  of  iron  or  steul 
into  corkscrew  shape  about  2  ft  long,  with 
fi  complete  turns  6  ins  in  diam ;  its  lower  end  sharpened  to  form  a  vertical  cutting 
edge,  which  should  prdect  say  .6  of  an  inch  beyond  the  spiral  of  the  screw,  in  ordef 
to  diminish  friction.  It  will  bring  np  full  samples.  Kequires  a  derrick,  or  some 
other  simple  mode  of  lifting,  when  the  screw  is  full. 

Artesian  Well  Drilling,  Deep  vert  holes  in  earth  and  rock,  6  and  8  ins 
in  diam,  such  as  arereqd  for  artesian  wells  for  water  and  oil,  and  for  mining  explora- 
tions, are  drilled  bv  repeatedly  lifting  and  dropping,  in  the  same  vert  line,  a  heavy 
iron  bit,  Figl.p  673,  with  a  steel  cutting-edge.  The  bit  is  partly  revolved  borixon- 
tally  after  each  blow,  to  insure  roundness  of  hole.  The  length  of  the  cutting-edge 
of  the  bit  is  a  little  greater  than  the  diam  of  the  bit,  and  the  hole  is  thus  made  suf- 
ficiently large  to  prevent  the  bit  from  binding  in  it. 

The  bit  is  the  lowest  one  of  a  series  of  Iron  and  steel  bars,  Ac,  screwed 

together  at  their  ends,  and  called  a  ^*  stringr  of  tools."  Tbtf  string  of  tools 
varies  in  length  from  25  to  60  ft,  according  to  the  size  and  depth  of  the  hole,  and  the 
hardness  of  the  rock;  and  its  diam  througbout  (above  the  cutting-edge)  is  an  inch 
•r  two  less  than  that  of  the  hole.  Its  weight  Is  from  SUO  to  4000  lbs.  Its  upper 
member  is  always  a  ** rope-socket,"  Fig  4  {toitlumt  a  swivel),  to  which  the  lower  end 
of  the  supporting  rope  cable  is  attached.  This  cable  passes  up  out  of  the  hole  to 
a  hor  leTer^  which,  by  means  of  a  horse-power  or  steam-engine,  is-  kept  con- 
■tantly  moving  up  and  down  with  a  see-saw  motion.  The  string  of  tools,  with  the 
eiittiiig«dge  or  the  bit  st  iU  tower  end,  is  thus  alternately  lifted  fronL2J|^4  ft,  and 
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l«t  fkll,  ftrom  SO  to  M)  times  per  minute,  and  to  drills  Its  way  into  tbe  rofik  or  c  ^ 

Vrom  4  to  10  ft  in  depth  of  water  are  kept  in  the  hole,  to  facilitate  the  drilling  a 

the  removal  of  debris.  After  water  is  f-eached,  tkie  drilling  may  be  continued,  erem 
if  the  hole  is  full  of  water ;  but  a  great  depth  of  water  of  course  diminishes  the  foMt 
of  the  blows  of  the  bit.  A  suitable  arrangement  must  be  provided  for  pt^yiufg 
out  tbe  rope  as  the  boring  tool  descends.  A  clamp  is  attached  to  tbe  cable; 
and  the  man  in  chai^.  by  turning  the  clamp,  twists  the  rope,  and  thus  iMriMi 
the  bit  borixontally  about  one-fifth  of  a  revolution  after  each  stroke,  until 
six  or  eight  complete  revolutions  have  been  made  in  one  direction.  He  then  re- 
verses the  motion^  and  makes  an  equal  number  of  turns,  at  the  same  rate,  in  the 
opposite  direction. 

After  drilling  a  Cbw  feet,  the  string  of  tools  is  lifted  out  of  the  hole  by  means  of 
the  cable,  to  allow  the  removal  of  tbe  debris  which  has  accumulated  in  the 
hole.  This  is  done  by  means  of  a  sand-painpy  which  is  a  sheet-iron  cylinder, 
say  4  ins  diam,  and  4  to  6  ft  long,  provided,  at  its  foot,  with  a  valve  opening  upward. 
The  pump  is  lowered  to  the  bottom  of  the  hole,  and  tiled  with  the  mixed  water  and 
debris  by  churning  it  up  and  down  a  number  of  times.  Sometimes,  in  addition  te 
the  valve,  the  pump  is  fitted  with  a  plunger,  which  is  at  the  foot  of  the  pump  when 
the  latter  is  let  down  to  the  bottom  of  the  hole.  The  plunger  is  then  drawn  up  int« 
the  pump,  and  the  debris  follows  it.  In  either  case,  the  pump,  when  filled,  is  lifted 
out  of  the  hole  and  emptied;  the  string  of  tools  is  again  lowered  into  the  bole,  and 
the  drilling  resumed.  The  debris  must  be  removed  after  every  3  to  5  ft  of  drilling. 
Otherwise  it  would  Interfere  too  greatly  with  the  action  of  the  bit. 

Wells  are  usually  drilled  hroni  6  to  8  ins  diaui.  For  dtaois  leee 
than  6  ins,  the  tools  are  so  slender  that  they  are  liable  to  be  broken  in  a  deep  hole. 

The  same  apparatus  is  used  for  drlllinc  tbrouorb  tbe  eartb  above 
tbe  roefc^  before  the  latter  is  reached.  This  is  callecT" spudding.**  In  this  oaae 
the  sides  of  the  hole  mast  be  prevented  from  caving  in.  For  this  purpose  a  wrought- 
iron  pipe  of  such  diam  as  to  fit  the  hole  closely,  and  ^  inch  thick,  is  inserted  Into 
the  hole,  and  is  driven  down  f^om  time  to  time  as  the  drilling  proceeds.  The  pipe 
is  driven  by  means  of  a  heavy  maul  of  oak,  or  other  hard  wo^.  14  to  18  ins  square, 
and  10  to  16  ft  long.  This  mahl  is  attached,  by  one  end,  to  the  lovrar  end  of  the 
same  cable  which,  during  drilling,  supports  the  string  of  tools.  It  is  thus  repeat* 
edly  lifted,  and  dropped  upon  the  bead  of  the  tube,  which  is  protected  by  a  cast-iroil 
**  driving-cap.**  The  foot  of  the  tube  is  shod  with  a  steel  Cutting-edge  ring,  or  **  steel 
shoe."  When  the  tube  has  been  driven  as  for  as  it  will  readily  go,  the  maul  is  re* 
moved  from  the  end  of  the  rope ;  the  string  of  tools  substituted ;  and  the  drilling 
resumed  within  the  pipe. 

The  pipe  is  put  together  in  lengths  of  firom  §  to  18  ft,  and  the  drilling  and  pipe- 
driring  proceed  alternately  until  the  rock  is  reached,  and  the  foot  of  the  pipe  forced 
into  it  to  a  depth  of  a  few  ins,  or  far  enough  to  shnt  off  quicksand  or  surface  water. 

If  qinieksand  is  encouutered,  the  string  of  tools  is  removed,  and  thf 
sa^d-pump  is  used  inside  of  the  pipe. 

for  reaminip  out,  or  eularffiB^r*  boles,  or  for  Btra||pbtea|ii|f 
crooked  ones,  Ac,  special  tools,  such  as  reamers,  Ac,  are  substituted  in  place  of  the 
boring  bit. 

Special  care  must  be  taken  to  have  all  tbe  rubbings  surftMses  tbor* 
ouvbly  lubricated.  The  pulley  In  the  mast-head,  and  the  pinion-wheelf 
of  the  horse  power  (if  such  be  used)  should  be  well  oiled  evetj  two  or  three  hours. 

In  very  eold  or  wet  weatber.  a  sbed  of  rouirb  boards,  or  a  cover- 
ing of  caavat,  about  8  ft  high,  should  be  erected,  to  protect  the  men ;  and,  if  steam 
Is  used,  2  or  3  boards  should  be  used  as  a  covering  for  the  belt,  wbi<A  will  slip  if  wet. 

The  following  description  is  based  upon  the  machines  made  by  the  Pierce 
Well  Engineering  and  Supply  Co.* 

For  boles  from  300  to  1060  ft  deep,  portable  drilling-  vna- 
ebines,t  worked  by  horse  or  steam  power,  are  used.  In  these  machines,  the 
drill-rope,  extending  from  the  string  of  tools  up  out  of  the  hole,  passes  over  a  sheave 
at  the  top  of  a  wooden  mast;  down  to,  and  around,  a  pulley  nist  to  the  working 
lever;  and  thence,  by  way  of  a  pulley  fixed  at  the  foot  of  the  mast,  to  a  drum  upon 
which  It  Is  wound.  To  this  drum  a  friction  and  ratchet  wheel  is  attached,  for  pay- 
ing out  the  cable  as  the  tools  descend. 

The  mast  is  bing^ed  six  feet  above  its  foot,  so  that  its  upper  part  may  be 
laid  hor  when  the  machine  is  to  be  moved.  When  at  work,  it  is  held  in  position  br 
two  timber  struts  or  braces,  bolted  to  it  near  its  top,  and  baring  their  lower  ends 
fttstened  to  the  ^drili-Jacfc.'*  which  Is  a  light  and  strong  framework,  9  ft  long, 
t  ft  wide,  and  4  ft  high,  at  the  foot  of  the  mast,  containing  the  woi^ing  lever  whi» 
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ndseB  the  rope  and  lete  It  fall,  the  dtnin  on  which  the  rope  is  wound,  the  shaft  hd4 

eem  which  work  the  lever,  Ao.    The  operator  stande  at  the  foot  of  tlM  maet,  and 

by  means  of  foot-  and  hand-levers  within  his  reach,  regnlatee* 

all  the  moTemepts  of  the  machine.    One  of  these  gorerne 

the  pawl  and  jiatchet  wheel  regulating  the  paving  out  of  the 

cable.    By  letting  the  ratchet-wheel  of  the  drum  move  one 

notch,  the  bit  is  fed  down  quarter  of  an  inch. 

The  operator,  by  moring  a  slide  with  his  foot,  holds  the 
working  lerer  down^  out  of  reach  of  the  cam,  thus  stopping 
the  up-and-down  motion  of  the  rope  and  tools.  By  means 
of  anoAer  lerer  he  can  now  put  the  rope-drum  in  genr  with 
the  main  driring-shi^,  so  that  the  rc^  is  wound  up  on  the 
drum,  and  the  tools  drawn  up  out  of  the  hole.  Another 
lever  controls  the  separate  reel  on  which  the  light  rope,  car- 
qring  the  sand-pump,  is  wound.  All  these  operations  are 
performed  by  the  same  power  (horse  or  steam,  as  the  case 
may  be),  which  works  on  without  stopping;  the  Tarious 
changes  being  made  by  merely  throwing  ^e  different  parts 
into,  or  out  of,  gear  with  the  main  driving-ehaft. 

•lie  of  ilMse  portable  iiiift«mB«B  reqnf r«s 
two  horses  or  a  small  steam-engine,  a  man  to  attend  the 
same,  and  another  man  to  (Operate  the  machine,  empty  the 
sand-pmnp,  cfaamge  tlie  tools,  Ac.  It  can  be  transported  on 
m  farm  wag^n  over  any  oommun  road.  Two  men  can  unload 
it,  set  it  up,  and  commence  drilling,  in  two 'hours ;  and,  un> 
1ms  steam  is  preferred,  the  two  horses  used  for  its  transpor- 
tation'ftimi^  the  motive  power.  The  machine  can  be  taken 
down  and  reloaded  in  the  wagun  in  two  hours. 

tigs  1  to  4  show  the  tools  used  with  thMio  iiiA* 
Oiftlaos*  For  the  diflferent  siiee  of  machine  they  dilTer 
tibimfkj  in  their  dlmeusioos  and  weighiH. 

Fig  1  shows  the  tf  rllllvfl^  bit,  which  is  80  to  36  Ins 
long,  and  weighs  about  100  lbs.  Its  lower  or  cutting 
edge  is  6  ins  long.  Its  top  is  screwed  into  the  foot 
ot  the  *«  a«ir«r-»teiii,**  Fto  S,  which  is  of  8*-inch 
Eonnd  Iron,  12  ft  long,  and  weighs  SitH)  lbs.  Its  use  is  that 
of  a  weight,  giving  additional  force  to  the  blows  of  the  bit. 
Xto  top  la  serewed  into  tiie  foot  of  the  ^  dvlH-Jars,**  Fig 
3 :  and  to  the  topof  these  is  serewed  the  ^  rope-BOcket,*'  vja 
Fig  4,  to  which  the  drilling  cable  is  attached:  If  the  bit,  ^ 


or  aair^rkStoDifbeeoines  wedved  la  tbe  bole 
1^  any  meanii,  the  operator  stops  the  churning  motion 
of  the  tools,  and  the  rope  Is  let  out  about  12  ins.  This  per- 
mito  the  upper  link  U  of  the  drill-Jars,  Fig  3,  to  slide  down 
about  12  ins  Id  the  sh>t  8  In  their  lower  link.  The  chnrn- 
ing  motion  is  then  started  again,  and  the  upward  Jerk  of 
the  link  U  against  th*  apper  end  of  the  slot  loosens  the 
tools. 

These  machines  are  made  in  a  number  of  sfaMs,  to  drill 
holes  from  200  to  1000  feet  daepu  The  string  of  tools  wMghs 
ttom  800  to  1800  lbs. :  and  th««  machine  complete  including 
tools,  rope,  mast,  etc,  but  exclusive  of  power,  from  1800  to 
4000  lbs.  They  cost  firora  9700  to  $ld00  exclusive  of  power. 
The  smaller  sizes  may  be  worked  by  horse  power.  A  horse 
power  weighs  about  800  lbs.,  and  costs  about  f  76.  8ceam 
engine,  1600  to  3000  lbs.,  $150  to  $300. 

Wor  irells  from  lOOO  to  3000  ftet  deap,  a 
stationary  machine,  with  a  walking-beam.  Is  used,  sindlar 
to  thoM  employed  in  the  oil  regions  of  PennRylvania.  A 
square  pyramidal  derrick  is  erected*  74  feet  high,  20  Ibet 
square  at  base,  4  feet  sqnare  at  top.  Each  of  its  4cor«er  legs 
is  of  2  inch  X  8  inch  and  2  inch  X  10  inch  planks,  spiked 
together  so  as  to  form  a  10  inch  X  10  Inch  angle-piece,  2 
inches  thick.  The  legs  are  braced  together  by  horleonfal 
and  diagonal  timbers.  The  walking-beam  is  of  timber,  26 
het  long,  12  inches  wide,  and  26  inches  deep  at  the  middle 
of  its  length,  where  It  is  pivoted  to  the  top  of  a  wooden  post 


Fig.  1. 


Fig.  3. 


18  inches  square  and  12  feet  high,  called  a  *'  Samson  post** 

This  post,  at  its  foot,  is  dovetailed  into  the  main  sill  of  the  machine,  which  ut  18 
Inches  wide  X  24  inche*  deepi  ^ 
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The  motive  power  is  a  15-bp  steam'engine,  whioti,  t^  means  of  a  belt  aDa  pulley, 
crauk  ant}  pitman,  working  at  one  end  of  the  walking-beam,  gives  to  the  latter  its 
see-saw  motion.  To  tl^e  other  end  of  the  beam,  and  immediately  over  the  well,  is 
saspended,  by  means  of  a  hook,  a  *'  temper-screw."  This  last  is  composed  of  two 
bars  of  iron,  about  %X2  ins,  5  ft  long,  hung  2  ins  apart,  fastened  together  at  their 
top  end8»  at  which  point  there  is  an  eye,  which  is  suspended  on  the  walking-beam 
hook.  At  the  bottom  of  the  two  bars  there  is  a  sleeve-nut,  and  between  the  two 
bars  and  passing  through  the  nut,  is  a  screw  5  ft  long,  at  the  bottom  of  which  there 
is  a  head,  which  carries  a  swivel,  set-screw,  and  a  pair  of  damps.  These  grasp  the 
cable,  2  or  2^  ins  diam,  which  carries  at  it«  lower  end  the  strinir  Of  tools* 
This,  for  a  2000-ft  hole,  consists  of  a  steel  bit,  3  or  4  ft  long,  weighing  200  to  400  lbs  { 
an  auger-stem  of  4  or  5-inch  round  iron,  from  24  to  30  ft  long,  and  weighing  from 
1200  to  2100  lbs;  steel-lined  drill-jars  8  ft  long,  weighing  600  to  700  lbs ;  a  siuker^biu 
of  round  iron  of  same  diam  as  the  auger-stem,  12  to  16  ft  longhand  weighing  from  600 
to  1100  lbs ;  and  a  rope-socket,  2U  ft  long,  weighing  200  lbs.  Total  length  of  string 
of  tools,  50  to  60  ft,  total  weight,  3000  lbs ;  or,  for  an  8-inch  hole  in  the  hardeAt  r«cl^ 
4000  lbs.  The  sinker-bar  is  added  to  give  additional  wt,  and  thus  to  assist  in 
pulling  the  cable  down  through  the  water,  either  in  lowering  the  string  of  tools  or 
in  working  the  drill-jars.  The  shapes  of  the  other  tools  are  given  by  Figs  1  to  4. 
Special  tools  are  used  for  recovering  articles  that  may  be  accidentally  dropped 
into  the  hole. 

The  drilliiiff  cable  is  wound  on  a  drum,  called  a  bull-wheel  shaft,  at  tba 
foot  of,  and  inside  of,  the  derrick.  While  drilling  is  going  on,  it  passes  from  th« 
bull-wheel  shaft  loosely  over  the  sheave  at  the  top  of  the  derrick,  and  down  to  the 
clamps  at  the  lower  end  of  the  temper-screw  on  the  epd  of  the  walking-beam«  At 
the  drilling  progresses,  the  temper-screw  is  turned  or  fed  out  by  the  man  in  charge, 
who  also,i>y  means  of  a  clamp,  twists  the  rope,  so  as  to  change  the  position  of  Um 
bit  after  each  stroke. 

When  the  tools  are  to  be  lifted  out  of  the  hole,  the  cable  is  disengaged  from  the 
clamps  on  the  temper-screw,  and  is  wound  upon  the  bull-wheel  shaft,  whichy  for  tbb 
purpose,  is  thrown  into  gear  with  the  steam-engine ;  the  pitman  being  at  the  same 
time  removed  from  the  crank-pin,  so  that  the  walking-beam  is  at  rest.  As  in  the 
portable  machines,  the  sand-pump  is  also  raised  by  the  same  power  which  does  the 
drilling. 

About  lOOOO  ft  b  m  of  rougrb  lumber  are  reqd  for  the  derrick,  walk- 
in  s-beam,  sills,  &c,  and  about  3000  ft  more  for  sheds  over  the  boiler,  engine,  and  belt. 

In  ordinary  hard  limestone  rock,  such  a  machine  will  drill  about  l^^ft 
per  hour  under  the  most  favorable  circumstances.  Two  men  are  required  $ 
ene  to  attend  to  the  boiler,  sharpen  the  bits,  &c,  and  one  to  operate  the  machine. 

In  Pierce's  machine*  for  test-boring,  mineral  prQ«p«otiiig  and  well 
boring,  the  pipes  are  driven  by  an  iron  ram,  like  that  of  a.  pile  driver,  but 
bushed  with  nard  wood  on  its  lower  or  striking  end.  The  ram  is  woiked  by  a 
hand  winch.  The  pipes  are  in  lengths  of  5  to  10  feet.  After  each  length  is 
driven,  water, f  under  pressure,  is  forced,  by  a  hand  pump,  through  a  hollow 
drill  rod,  into  the  bottom  of  the  hole,  while  the  drill  rod  is  churned  up  and 
-down  by  band.  The  water  forces  the  drillings  (mud,  sand,  gravel,  etc.)  to  the 
surface.  The  smallest  machine  drives  2  to  3  inch  pipes;  the  largest,  2  to  8  inch. 
The  machines  are  in  detachable  parts,  weighing  from  10  to  65  lbs  each.  Four 
upright  iron  pipes,  which  carry  the  head  casting  and  crown  pulley,  act  as  guides 
for  the  ram,  their  ends  fitting  into  sockets  in  castings  at  tneir  Keads  and  feet 
The  driving  rams  are  made  in  sections  which  are  bolted  t<wether.  In  the 
smaller  machines  the  weight  of  the  ram  may  thus  be  made  from  100  to  200 
pounds,  and.  in  the  larger  machines,  from  100  to  2,000  pounds,  as  required. 
Borings  can  be  made  to  depths  of  100  to  400  feet.  These  machines  have  been 
extensively  used  in  Nicaragua  by  the  Isthmian  Canal  Commission.  If  desired, 
the  machines  can  be  furnished  with  special  tools  for  boring  in  rock  and  for 
taking  out  solid  cores  (as  with  the  diamond  drill),  with  others  for  taking  out 
dry  cores  in  earth,  and  with  sand-pumps  and  mud  sockets  for  bringing  up  mud, 
fine  sand,  gravel,  and  detached  pieces  of  rock  and  minerals. 
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t  In  Alaska,  where  the  frost  extends  to  g^^at  depths,  boiling  or  hot  water  is 
used.  This  i*  obtained  by  melting  ice  or  snow  in  iron  tanks  about  4  ft  square 
and  2  ft  deep. 
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Art.  1*  UlAClilne  Roek-drtlls  bore  mncb  more  rapidly  than  hand  drillt| 
and  more  economically,  provided  the  work  U  so  great' aa  to  justify  the  prelimicaif 
OQtflt.  They  drill  in  any  direction,  and  can  often  be  used  in  borintr  holes  so  located 
that  they  conld  not  be  bored  by  hand.  They  are  worked  either  by  steam  directly ; 
or  by  air,  compressed  by  steam  or  water  power  into  a  tank  called  a  ''receiver,"  ao4 
thence  led  to  the  drills  through  iron  pipes.  The  air  is  best  for  tunnels  aod  shafts, 
because,  after  leaving  the  drills,  it  aids  ventilation. 

Art.  3.  Bnch  drills  are  of  two  kinds t  rotatini^  drills  and 
percussion  drills.  In  the  former,  the  driU^rod  is  a  long  tube,  revolving  abonC 
ite  axis.  The  end  of  this  tube,  hardened  so  aa  to  form  an  annular  cutting-edge,  is 
kept  in  contact  with  the  rock,  and,  by  its  rotation,  cuts  in  it  a  cylindrical  hole,  gea- 
erally  with  a  solid  core  in  the  center.  The  core  occupies  the  oore-barrel.  Art  8. 
The  drill-rod  is  fed  forward,  or  into  the  hole,  as  the  drilling  proceeds.  The  debris 
Is  removed  from  the  hole  by  a  constant  stream  of  water,  which  is  led  to  the  bottom 
of  the  hole  through  the  hollow  drill-rod,  and  which  carries  the  debris  up  through 
the  narrow  space  between  the  outside  of  the  drill-rod  and  the  sides  of  the  hole. 

In  percussion  drills^  the  drill-rod  is  solid,  and  its  action  is  that  ef  the 
churn  drill. 

Art.  3.  In  the  Brandt  (Buropean)  rotary  drill*  the  cutting-edge  at  the 
•nd  of  the  tubular  drill-rod  is  armed  with  hardened  steel  teeth.  It  is  pressed  against 
the  rock  under  enormous  hydraulic  pressure,  and  makes  but  from  6  to  8  revolutions 
per  minute. 

Art.  4.  The  Diamond  drill  la  the  only  form  of  rotary  rock-drill  exteo* 
4vely  used  in  America.  In  it,  the  boring-rod  consists  of  a  number  of  tubee  Jointed 
rigidly  together  at  their  ends  by  hollow  interior  sleeves. 

Art.  5.  Tbe  borinip-bit*  Fig  1,  is  called  a  "core-bit.**  Its  cutting-edgs 
has  imbedded  in  it  a  number  of  diamonds  as  shown.  These  are  so  arran^eed  aa 
to  project  sUghtlj  from  both  its  inner  and  outer  edges.  Annular  ipac^  are  thus 
left  between  oore  and  oore-barrel,  and  between  the  latter  and  tbe  waJle  of  the  holsk 
These  spaces  permit  the  ingress  and  egress  of  the  water  nsed  in  removing  the  debria 
from  the  hole,  and,  at  the  same  time,  preveut  the  core  from  binding  in  the  barrel,  or 
the  latter  in  Uie  hole. 
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Art.  6.  Jhst  above  the  "core-bit,**  the  ^ core-lilter,^  Fig  2,  is  screwed  to 
the  barrel.  Thla  Is  a  tube  about  S  Ins  long  snd  of  the  ■aroe  onter  diam  as  tht 
barreL  Inside  H  is  shgbtlv  cuned,  with  the  base  of  the  cone  upward,  and  fni^ 
nisked  with  a  loose  s^Iit-ring,  R,  toothed  inside,  and  similarly  coned.  While  the 
drilling  is  going  on,  this  ring  encircles  the  core  closely,  and  remains  loose  from  the 
outn*  cylinder;  but  when  the  drilling  is  stopped,  and  the  drill -rod  begins  to  be 
raiaed,  tbe  ring  is  cat^ht  and  raised  by  the  outw  cylinder;  and,  bv  reason  of  its 
beveled  shape,  is  pressed  hard  against  the  core  of  rock,  which  is  pulled  apart  close 
to  Its  foot  by  the  power  which  lifts  the  drill-rod. 

Arl.  7.  This  power  is  supplied  by  a  rope-drum.  Fastened  to  the  top  of  t»)«i 
firame  *#r'iuh  supports  the  drill  and  worked  oy  the  same  <  oqpuae  wAlcu  rotates  tne 
drill-rod.  The  rope  from  the  drum  passes  up  to  a  pulley  at  the  top  of  a  derrick, 
and  tbenoe  down  to  the  upper  end  of  the  drill-rod.  The  considerable  height  of  the 
4terrick  enablea  from  40  to  oO  feet  of  tbe  drill-rod  to  be  removed  In  oso  piece. 

Art*  U,  Above  the  •*  core4llter  **  la  the  «*  oore*barrol,**  This  Is  a  wroa«st> 
Iron  tune  from  8  to  16  ft  long.  It  Is  splrallj 

grooved  ootside.  to  permit  the  ascent  of  tbe  water  and  debris  from  tbe  hole ;  and  Is 
sometimea  set  with  diamonds  on  its  outer  surface,  to  prevent  wear.  The  bit,  lifter, 
and  barrel  are  ot  uniform  outer  diam,  a  little  less  than  the  diam  of  the  hule.  The 
outer  disu  of  tbe  drill-veil  Tarlee  from  about  limine  Ant  2-inch  barrel  to  5V<  ins  for  1% 
tuchbanSU 
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Art.  9*  Where  it  is  not  desired  to  preserve  the  core  Intact,  a  ^^borlns* 
head,*'  Fig  3,  may  be  used  instead  of  the  "core-bit,*'  Fig  1.  This  is  a  solid  bit 
(except  that  it  is  perforated  with  holes  which  allow  the  water  to  pass  out  from 
the  drill-rod),  and  is  armed  with  diamonds,  some  of  which  project  beyond  its  circum- 
ference. 

Art.  10.  The  drill -rod  revolves  at  a  speed  of  from  200  to  400  revolutions 
per  minute.  The  eii^inep  by  which  it  is  rotated,  consists  usnally  of  two  cylin- 
ders, either  fixed  or  oscillating,  operated  by  steam  or  compressed  air,  and  working 
at  right  angles  to  each  otiier.  By  means  of  cranks  they  turn  a  shaft,  which  com- 
municates its  motion,  through  bevel  gearing,  to  the  drill-rod.  The  latter  is  fed 
d4mrn,  as  the  hole  progresses,  either  by  other  bevel  shearing;  driven  by  tha 
same  engine ;  or  by  being  attached  to  a  cross- head  which  connect*  the  pist^jn  rods  of 
2  Iiydrauilc  cylinders,  the  piston  rods  being  parallel  with  the  drill  rod. 

Art.  11.  The  diamond  drill  bores  perfectly  circalar  holes,  in  straijii^ht 
lines  and  in  any  direction,  to  great  depths;  from  300  to  1500  feet 
being  not  uncommon.  This,  with  the  fact  that  it  orin^  U|>  nnbroken 
cores,  from  8  to  16  ft  long,  which  show  the  precise  nature  and  stratification  of  the 
rock  penetrated,  renders  it  very  valuable  in  test-boring,  prospecting  of  mines,  Ac. 
They  are  also  furnished  of  sufficient  size  to  bore  holes  from  6  to  15  ins  diam,  for 
artesian  wells.  The  roundness  of  the  holes  bored  enables  the  use  of  casing  of 
nearly  as  great  diam  as  that  of  the  hole;  and  their  straightness  is  advantageous  in 
case  a  pump  has  to  be  used. 

Awt,  19L  In  soft  rock  a  bit  may  drill  through  200  ft  or  more  without  resetting. 
On  the  other  hand,  in  very  hard  rocks,  similar  drills  will  wear  out  in  10  ft  or  less. 
In  188S-4.  a  dlMDond  drill  by  the  Am*n  Diamond  Rock  Boring  Co,  weighing  com- 
plete about  1400  ftw.  and  costing  about  S2S00,  bored,  in  1428  hours  of  actual  boring, 
66  holes  of  2  ins  diam,  and  aggregating  9141  lineal  ft.  Average  length  of  hole  172IS 
ft.  A  verafpe  rate,  6.4  lin  ft  per  hour ;  greatest,  12.8.  Average  total  cost, 
about  96  ctB  per  tin  ft.  The  rock  was  principally  limestone,  with  some  quartz  and 
aaadstone.  The  holes  w«re  bored  at  angles  varying  from  0°  to  45°  with  the  verticaL 

As  a  rough  average  we  may  say  that  tn  ordinary  rocks,  as  granite,  lime- 
stone, and  hard  sandstone,  these  drills  will  bare  deep  holes,  2  to  3  ins  diam,  at  from 
1  to  3  ft  per  llonr,  and  at  a  co^^t  of  from  $1  to  i$2  per  ft. 

Art.  13.  These  drills  are  mado  of  many  widely  different  sixes,  and  with 
dlilfereilt  moiintinf^^S,  depending  upon  the  nature  of  the  work  to  be  done. 

They  are  sold  under  restrictions  as  to  the  location  and  extent  of  the  territory 
in  which  they  are  to  be  used.  The  prices  depend,  to  a  great  extent,  upon  the 
nature  of  these  restrictions.  The  card  prices  for  some  of  the  leading  sizes,  are 
as  follows :      Discount,  see  price  list. 


Diam 

of 
hole. 

Diam 

of 
core. 

Depth 

of 
hole. 

Boiler 

H.  P. 

required. 

Card  price. 

Drill. 

Pump 

Ins. 

'4 

Ins. 
2 

1 

Feet. 

4000 
1500 
1000 
600 
400 

H.  P. 

25 

15 
12  to  15 

10 
hand 

$ 

4000 
2500 
1900 
1400 
425 

$ 

*3400* 
2800 
1900 

Art.  14.  In  percussion  drilling  machines,  the  drill-bar  i»  driven 
forcibly  against  the  rock  by  the  pressure  of  steaui  or  off  compresseA 

air,  acting  upon  a  piston,  P,  Fig  4,  moving  in  a  cylinder^  GC,  Figs  4  and  5;  and 
makes  about  300  strokes  per  minute.  The  rotation  of  the  drill-bar  is  accomplished 
automatically,  as  explained  in  Art  27. 

Art.  15.  The  cylinder^  C  C,  is  free  to  slide  longitudinally  in  the  fixed 
frame  or  shell,  S  S,  Fig  6,  to  which  it  is  attached,  and  which,  in  turn,  is  fixed  to  the 
tripod  or  other  stand  (see  Arts  18  and  19)  upon  which  the  machine  is  supported. 

Art.  16.    Tbe  drill-rod,  B,  corresponding  to  the  churn  ddllv  is 

fastened,  b^  an  appropriate  chuck,  K,  to  the  end  of  the  piston-rod,  0.  The  drillios 
is  begun  with  a  short  drill-rod,  and  with  the  cylinder  aa  far  from  the  hole  ata  the. 
length  of  the  shell,  S,  will  permit.  As  the  bit  penetrates  the  rock,  the  cylinder  it^ 
fed  forward,*  either  automatically  or  by  hand  (see  Art  28),  as  far  as  the  length  of 

*  Bv  forwards  or  downward,,  we  nma  lonwrd  Ute  tele  wbioli  to  bsiaf  4rfll«fl.    Bjr 
wmrm,  or  «»w»ra«/roM  ib«  hole. 
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4Im  sbBll  pOTmitt.  Tb«  drlllhig  It  tbm  stopped,  by  sfauttiBg  off  the  tUtmm^  tmA  tin 
«jliB(ler  k  nia  bMk,  t>y  n^mning  th»  moUoa  of  the  f»e«Uug  apparatuB.  Th«  sltort 
drill-bar  to  tbra  rsmovwl,  an<l,  if  the  driUioc:  to  to  bt  oontinqed,  a  longer  one  ii  Mb- 
■titnted  Id  ill  plaee»  and  tlie  prooeat  repealed. 

J^wt,  17*  Inasmoch  aa  the  aot  of  driJlinf  wear*  the  edgee  of  the  bit,  thus  redoo- 
ing  ita  diam  somewhat,  tlie  ibftlo  wUl  of  eourse  be  tei»erlMir<»  or  cf 
elighily  toaa  diam  at  bottom  than  at  top.  The  eecood  bit  must  therefore  be  ct 
•lightly  leM  diam  than  the  flret;  m^  from  ^  to  ^^^  inch  leee;  the  third  must  be  leaa 
than  the  aeoend,  and  so  op,  On  the  other  hand,  in  long  holes,  the  drill-bar  vill 
seldom  be  to  a  parfieotljr  surajgbt  line,  ao  that  the  bit,  instead  of  striking  always  in 
the  tame  npot,  will  describe  a  circle,  and  tiiina  enlarge  the  hole. 

Art.  Is.  The  ahell,  S^  in  whieh  the  oyliuder  slides, U  provided  with  an  arrange- 
ment by  which  it  may  be  clamped,  either  to  a  trlpHod^  as  in  Fig  6,  or  to  a  lung 
tar  or  4N»lmiilii9  along  which  it  maj  slide.  The  column,  if  hoc^  may  rest  upon 
two  pain  of  legs ;  or  it  may  be  braced,  in  any  position,  against  the  opposite  sides  of 
a  narrow  cat,  or  agninst  the  floor  and  aBiliag  of  a  tnnnel-heading,  Ac,  in  iriiich  case 
one  <rfits  ends  is  provided  with  a  screw  which  is  run  out  so  as  to  cause  the  two  ends 
•r  the  col  ta  press  firmly  against  the  opposite  rock  walla ;  or  rather  against  wooden 
•Mocks  which  are  always  plaeed  between  each  end  of  the  col  and  the  rock.  In  any 
^afls,  tfaa  inpporta  of  th*  drill  are  so  jototed  that  it  can  bore  in  any  direction. 

Art.  19.  Frequently  the  drill  to  €tlai|lo<l  to  a  short  arm,  which,  in 
AMrUf  is  ^aoipad  to  tbo  odluott,  *nd  pfqja«)ta  at  right  angles  from  it  The  arm  may 
fte  slid  lengmwise  of  the  eolamii,and  M«y  ha  revolred  around  it,  and  thus  may  be 
tilacod  in  any  dastred  p«aitlo%  and  there  «lamped.  This  givef  the  drill  a  greater 
•MUage  of  motion^  and  enables  it  to  bM^'holas  over  a  i^reater  ttpaco  than  would  other* 
irlse  be  possible  without  moriag  the  column. 

Aatt.  SO.  In  toBuals,  one  or  more  ditUs  may  bisjaonnted  npon  a  drf  ll*car- 
.■Flagn,  toanrelUug  upon  a  ndlmad  tmok.  ranning  longitudinally  of  the  tnniieL 
Upon  this  track  the  carriage  is  moved  up  to  the  work,  or  run  back  f^ora  it  when  a 
blast  is  to  be  fired.  The  gauge  of  the  track  may  be  made  wide  enough  to  admit  of 
a  second  track,  of  narrovar  gMige,  running  nnderi^ath  the  drill-cairiage.  Upon 
aaid  narrower  track  the  cars  are  run  which  carry  aWay  the  debris.  DriU-carritttfe* 
are  less  commonly  ttsed  in  tbto  country  than  in  BiKobe. 

Art.  21.  The  pressure  used  in  the  eytinden  of  percussion  drills  *is 
usually  from  nbput  60  to  70  lbs  per  sqinoh.  In  all  hOsr,  one  will  drill 
a  hole  irom  1  to^  ins  <9am,  and  from  ;i  to  10  ft  deep,  depending  on  the  character  of 
the  rock  and  the  sise  of  the  machine  at  from  10  to  25  ^ts  per  lia  ft  with  labor  at 
$1  per  day.  A  hit  requires  sharpeninar  <^t  sbont  every  2  to  4  ft  depth  of 
hole.    One  blacksmith  and  helper  can  sharpen  drills  for  6  or  6  maohines. 

Art.  33.  The  hits  are  of  mansr  diirefN»n«  silapesi,  vaigrlng  with 
the  nature  of  the  work  to  be  done.  Vor  nniform  har4  rook;  th«  bit  has  two  cutting' 
<fdges,  forming  a  oross  with  equal  arms  at  right  angles  to  eaeh  ofiier.  For  seamy 
rock,  the  arms  of  ^e  cross  are  eoual,  but  form  two  aaute  and  two  obtuse  angles  with 
each  other,  as  lA  the  letter  X.  For  soft  rock,  the  cntting*edge  sometimes  has  the 
shape  of  the  letter  Z.  • ' 

Art.  33.  Each  drill  req aires  one  man  to  opertte  It.  9wo  or  three  men 
are  required  fur  moving  the  heavier  sizes  fh)m  phice  to  phice.  Orie  man  can  attend 
to  a  small  air-compressor  and  its  boiler. 

Art.  34.  Figs  4  and  5  represent  the  **  Eelipse  **  percussion  drill  of  the  Inger- 
soll-8ergeant  Drill  Co,  HaVemever  Building,  New  York.  I'ig  6  ehows  the  drill, 
mounted  (as  to  most  trequently  the  case)  upon  a  tripod.  Ftg  4  to  a  longitudinal  sec 
tion  through  the  cylinder,  valve-chest,  and  pist<m.  ,      . 

Art.  85.  The  cylinder,  0,  is  provided  at  each  end  with  a  i^hher  enshion, 
N,  for  deadening  the  blows  of  the  piston,  which,  In  all  percussion  drills,  is  liable,  at 
times,  to  strike  either  cgrlindeivhead.  The  side  of  each  cushion  nearest  the  piston  is 
protected  by  a  thin  iron  plate.   The  cushions  hsve  to  be  renewed  ttom  time  to  time. 

Art.  3«.  The  VhlVe,  V,  to  shaped  somewhat  like  a  spool.  iTw  bdlt,  B, 
passes  loosely  through  Its  center  and  guides  It.  Steam  is  admitted  from  the  boiler 
to  the  steam-chest,  and  occupies  all  of  the  apace  between  the  two  end  flanges  of  the 
valve,  except  a.  It  drives  the  valva  altema^ly  ft^om  one  end  of  the  valve-chest  to 
the  other,  and  back,  according  as  one  end  or  the  other  Is  relieved  from  opposing 
pressure  by  being  put  Into  communication  with  the  exhantt.  j;  by  way  of  the  pas- 
sages, D  D'  and  F  F'.  D  and  D'  communicate  with  the  ends  of  the  steam-chest 
through  passages  not  shown;  while  F  and  F' communicate,  through  similar  pas- 
sages, with  the  exhaust,  £.  The  ptoton  has  an  annular  channel,  L  L',  encircling  it. 
Whatever  the  position  of  the  piston,  one  of  the  passsges.  D  or  ly.  Is  always,  by  means 
of  tbto  chairaal,  lb  eomnmutculiDn  with  its  corresponding  passage,  F  or  F',  leadhig 

Okishever  happens  to  be  uMd.  ^,^,,^3,  byT^Ogk 
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to  tiM  exluuMt.  Thus,  one  or  the  othcnr  end  of  the  TalTe-ohest  b  alwayi  In  c<Ma 
■ranioation  with  the  open  air ;  and  to  that  end  the  valve  is  driven  by  the  pres  of 
the  steam  snrroanding  it,  admitting  steam  to  the  cyl,  G,  from  the  other  end. 

Art.  27.  Tli«  rotation  of  tiie  piston,  and,  with  it,  that  of  the  driU* 
bar,  is  effected  thus :  The  spiraily-grooved,  cylindrical  8t«el  bar.  A,  called  a  rlfle- 
iN^r,  passes  throngh  and  works  in,  the  rille-nnt,  H,  which  is  firmly  fixed  in 
the  end  of  the  piston,  and  has  spiral  grooves  corresponding  with  those  on  the  rifle- 
bar.  Said  bar  is  fixed,  at  its  npper  end,  to  the  ratchet-wheel,  J,  the  pawls  of  which 
are  so  arranged  that,  on  the  down  stroke  of  the  piston,  the  rifle-nut,  H,  acting  upon 
tha  grooves  on  the  rifle-bar,  causes  it,  and,  with  it,  the  ratchet-wheel,  to  revolve 
about  their  common  axis.  The  weight  and  mo- 
mentum of  the  piston,  Ac,  are  snch  that  it  thus 
readily  turns  the  ratchet-wheel  without  itself 
turning.  Thus  the  bit  is  prevented  from  rotating 
while  delivering  its  blow.  But,  on  the  ¥p  stroke, 
the  tendency  of  the  rifle-nut  is  to  turn  the  rifle- 
bar  and  ratchet-wheel  in  the  opposite  direction; 
and  as  this  is  prevented  by  the  pawls,  the  r\/le- 
bar  remains  ttaUonary^  while  the  pistony  pi$Um- 
rody  and  drill  are  modi  to  reoolet  about  their 
common  axis. 

Art.  28.  The  feed-screw,  M,  is  col- 
lared, at  its  upper  end,  to  the  fixed  frame,  Q.  It 
is  thus  prevented  from  moving  longitudinally 
when  revolved  by  means  of  the  crank  fixed  to  its 
top.  Its  lower  end  works  in  a  nut,  T,  fixed  to  the 
cylinder,  which  last  is  thus  moved  longitudinally 
backwaid  or  forward  as  the  crank  is  turned. 


targe  drills  are  frequently  furnished  with  an  automatic  feeding  arrami^ 

ment  in  addition  to  the  hand-crank.    In  this  arraugement,  when  the  cylinder 
caQQirea  feeding  forward,  and  when,  oonseqaeutly,  the  piston  ip^running  nearly  to 
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the  forwMnd  limit  of  Ita  ttioke,  the  piston  prwtet  Against  a  cam  pgo^^cttttg  into  ths 
eyl  near  the  forward  end,  and  presenting  an  inclined  plane  to  it.  The  motion  of 
this  cam,  by  means  of  an  exterior  axle,  rnnning  alongside  of  the  cyl  and  famished 
at  its  top  with  a  dog,  tarns  a  ratchet-wheel  fixed  to  the  feed-screw.  When  desired, 
the  automatic  feed  may  be  thrown  out  of  gear,  and  the  feed  moved  by  hand. 

Art.  29*  The  tripod  leys  consist  of  wroaght-iron  tubes,  W  W.  These  ars 
screwed  at  their  upper  ends  into  soclcets,  XX.  At  their  lower  ends,  they  receive 
the  pointed  and  tapering  steel  bars,  Y  Y,  about  2  or  3  ft  long.  The  leg^  may  be 
lengthened  or  shortened  by  turning  the  set-screws,  Z  Z,  thus  regulating  the  distance 
to  which  ths  bare,  Y  Y,  can  enter  the  legs.  The  clamps,  b  b,  have  L-shaped  hooks 
of  ^  inch  to  1  inch  roand  iron  forged  to  them.  On  these  hooks  the  welgrhts* 
tf  d.  are  hung,  which  hold  the  machine  down  against  tht  upward  reaction  of  its 
blows. 

Art.  SO.  The  following  table  gives  the  principal  dimensions  of  these 
drills,  with  the  diams  and  lengrths  of  notes  to  which  each  is  adapted. 
Size  H  is  used  for  submarine  work,  heavy  tunneling,  and  deep  rock  cutting.  O 
and  F  for  tunneling,  street  grading,  quarrying,  and  sewer  work.  £,  B,  and  G 
for  general  mining  purposes.  B  is  adapted  only  for  very  light  work.  In  asking 
for  estimates  on  drills  and  compressors,  give  the  fullest  possible  descripti(m 
(accompanied  by  a  sketch)  of  the  work  to  oe  done,  stating  its  present  and  pro- 
posed extent.  State  whether  the  work  is  on  the  surface  or  underground.  State 
now  far  the  steam  or  compressed  air  will  be  carried.  Give  depth  of  holes  to  be 
drilled,  nature  of  rock,  &c.  Percussion  drills  are  sold  without  restriction  as  to 
the  purpose  or  extent  to  which  they  are  to  be  used. 


Letter  designating  the  sixe  of  the  machine. 

A 

B 

c 

B 

E 

F 

« 

H 

Inner  diameter  of 

cylinder ins. 

m 

2H 

^ 

8 

8H 

8H 

^ 

6 

Length  of  full 

stroke " 

8 

4 

5 

6 

9 

«K 

7 

7 

Length  of  feed  " 
Length  of 
machine* " 

12 

20 

24 

24 

24 

26 

84 

84 

8« 

84 

86 

40 

42 

53 

60 

60 

Wt  of  machine, 

unmounted,  lbs. 

80 

155 

195 

230 

250 

845 

605 

670 

Wt  of  tripod, 

' 

without  wts.  •• 

125 

125 

125 

125 

150 

275 

275 

WtofSwtsfor 

X 

tripod  legs,   "     ' 

250 

250 

250 

250 

850 

400 

400 

Wt  of  column, 

arm  A  clamp  " 

200 

280 

280 

280 

420 

420 

420 

Diam  of  hole 

drilled Ins. 

Kto% 

%toiH 

lto2 

lto2 

lto2 

\%io2yi 

2to4 

3to6 

Max  depth  of 

vert  thole. ft 

X 

4 

8 

10 

12 

16 

30 

40 

*  From  top  of  handle  of  feed-crank  to  lower  end  of  piston  at  the  end  of  the 
down  stroke. 

f  For  greatest  advisable  Igth  of  hor  holes,  deduct  one-fourth  from  these  depths. 

X  Machine  A  is  mouuted  on  a  small  frame. 

Art.  81.  Tiie  drills  of  different  makers  differ  chieHv-  in  the 
methods  by  which  the  valve  is  operated.  In  some  this  is  done,  as  in  the  Ingersoll 
"  Eclipse  "  drill,  Art  26,  by  the  prea  of  steam.  In  others,  the  valve  is  moved 
by  a  lever  or  tappet,  which  projects  into  the  cylinder  so  as  to  come  into 
contact  with,  and  be  movtkl  bv.  the  piston  at  each  stroke.  As  these  strokes  are 
made  with  great  force  some  300  or  more  times  per  minute,  such  valve-gear  is 
necessarily  subject  to  great  wesir. 

Art.  89.  In  the  ««Iiittle  diant  Brfll,**  made  by  the  Rand  Brill 
C0.9  the  valve,  V,  Fig  6,  is  slid  l>ackward  and  forward,  in  the  same  direction  In 
which  the  piston  is  moving,  by  the  tappet,  T,  which  is  pivoted  at  p.  The 
inclined  lower  corners  of  this  tappet  ride  up  as  they  come,  alternately,  iu  contact 
with  the  shoulders,  »  s,  of  the  piston. 

Art.  88.  In  the  ^^Eeonomiser''  and  the  **Sln«arer**  (Rand  Drill 
Co.)  the  valve,  as  in  the  Ingersoll  "  Eclipse '^  drill,  is  movrajby  steam,  but  upon 
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a  quite  different  principle.  In  these  two  drills,  theKS  is  no  steam  coshlon  for  the 
piston  to  strike  against  on  the  down  stroke,  the  foroe  of  which  is  thas  more 
eomoletely  expended  upon  the  rook.  The  cushion  behind  or  above  the  piston, 
on  the  return  stroke,  is  formed  by  exhanst  steam.  Both  of  these  drills  cut  off 
steam  before  the  completion  of  either  stroke,  thus  using  the  steam  expansively. 
On  the  down  stroke,  the  "Economizer"  cute  off  earlier  than  the  *' Slugger." 
Hence  its  name.  In  both  machines 
the  point  of  cut-off  is  fixed  when 
the  machine  is  made. 

Art.  84.  In  the  improved 
Bwrlelirli  ^riH,  the  valve,  V, 
Fig  7,  is  moved  by  two  tappets, 
T  T'  which  are  alternately  struck 
by  the  ends  of  the  piston,  P. 

Art.  35.  In  the  "Dynamic** 
rock-drill,  invented  by  Prof  Do 
Volson  Wood,  the  valve  is 
attached  to  a  valve-piston,  V,  Fig 
8,  which  is  moved  backward  and 
forward  by  steam,  which  is  ad- 
mitted so  as  to  act  alternately 
upon  its  two  ends.  *  The  admission  *  *S-  *>• 

or  this  steam  is  controlled  by  a  small  auxiliary  valve,  a.  A  hub  on  the  back  of 
the  auxiliary  valve  fits  in  tlie  spiral  groove  shown  on  the  plug,  n.  This  plug  is 
constantl V  pressed  downward  (as  the 
Fig  stands)  by  steam  pressing  upon 
its  upper  shoulder,  but  it  is  liftea  at 
each  forward  stroke  by  the  conical 
surface  of  the  piston,  P,  pressing 
against  its  foot  It  thus  moves  con- 
stantly up  and  down,  carrying  the 
valve,  a.  with  it.  By  turning  the 
plug,  n,  by  means  of  the  adjusting- 
stem,  «,the  hub  of  the  valve  is  made  to 
occupy  a  higher  or  lower  point  ip  the 
spiral  groove,  and  thus  the  stroke  of 

tbe  piston  may  be  varied,  or  may  be  Wtg, 

confined  to  any  part  of  the  cylinder. 

In  this  drill,  unlike  the  Ingersoll,  Art.  27,  the  piston  rotates  while  making 


rig. 


the  downwari  stroke.    The  pisto««rod,  o,  la  miide  UgrHter  titan  In 
other  drilki.    This  gives  a  greater  surface  under  tbe  piston  for  the  pressure 
of  the  steara  on  the  up  stroke,  and,  consequently,  greater  lifting  power.    This 
i&  useful  when  the  drill  sticks  in  the  hole. 
The  tripod  lei^  are  of  bar  iron.    Their  length  is  adjustable.  . 
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AwUnm,  The  PtMwe  iMUMl  lr<Mii-««Ul  \n  a  peraMioft  drill 
worked  by  aomlrk  wbich  tomiadiioidtMttC-Sft  in  diam.  The  di«c  has  a  Bedui-eiroular 
slot,  in  which  works  the  arm  which aaisaa the  driii*afod.  Thiaarm,in  risingjoompreases 
a  ooil-«pring,  which,  ou  the  down  stroke,  drives  the  drill  against  the  rock.  An  iron 
ball,  weighing  30  lbs  or  more,  is  furnished  with  each  machine.*  This  ball  may  be 
•oiewed  to  the  t^  eflhe  «rm4oa»  for  gi«ln|r  ffMtet  Imcob  t»  the  Uowt  of  tke  tlxllk 
The  ball  may  be  used  withoat  the  epring,  by  disengaging  the  latter. 

The  drill  miUces  about  40  strokes  of  10  or  12  ins  per  minute ;  and  bores  holes  from 
%  to  2U  ins  diam.  It  can  be  arranged  to  drill  to  depths  of  30  ft  and  OTer.  For 
sbarpening  the  bits,  it  has  an  emery  wheel  attached,  which  is  turned  by  the  crank. 
T1m>  latter,  at  such  times,  is  thrown  out  of  gear  with  the  disc. 

Tbe  drill  Is  mounted  on  a  rectangular  two-legged  frame,  about  5  ft  high 
by  2  ft  wide,  made  of  iron  tubes.  To  the  tup  of  this  frame  a  third  leg  is  attached, 
by  adjusting  which  tlie  angle  of  fhe  drfll-iMd  with  the  Yertmay  be  changed*  tAke 
other  peronssion  drills  worked  by  haodH>ower,  tbie  one  csmss  to  work  to  advantagft 
when  Buid  angle  exceede  aboat  469^ 

Art.  3T.  €liliniicilii|r  coosiito  in  makiaff  Io«g«  deep,  and  mmmetnr  «•!■  i* 
the  rock.  In  this  way  large  blocks  can  be  gotten  out  without  blasting  and  the  con- 
sequent  danger  of  fracture.  This  iv  ordinHrlly  done  by  boring  a  ram  of  holes  about 
an  Inch  apart  in  the  clear,  and  then  breaking  down  the  tnteffmediate  spaces  l/g 
means  of  a  blunt  tool,  called  a  feWflCEll.  This  is  called  toroacli  «lUHiiicllii|if. 
For  this  purpose  a  steam  diillinu^aaohiae  to  mounted  upouii  faor  bar  rsethig  upun 
two  pairs  of  legs.  Tlie  hor  bar  is  pUced  over  the  intended  row  of  holes,  aud  the 
drill  ia  slid  along  upon  it  from  one  hole  to  the  next.  In  using  the  droac/t,  the  rotat- 
ing apparatus  is  thrown  out  of  {taHr,-ei»  tkftt  llie  edg*  iftlw  tyvOMii  tmitol«i»  ite 
poaition  in  line  with  the  row  of  holes. 

Art.  39.  The  BaanderA  patent  chnnnellnflr  machine,  of  the 
InvBrsoU  Ob,  coniilBtB  ofa  rock-tlrilling  machine,  having,  in  place  uf  the  uiiual  driil- 
iug^bit,  aicang  of  tools  consisting  of  a  number  of  cliisels,  clamped  together  side  by 
side,  and  thus  forming  a  cutting  tool  about  1  in*  long  by  Scinch  wide.  This  tooi 
bat  as  nmny.  outting*edget  (each  as  long  aa  the  tool  Is  wiae)  aa  tliere  are  chisels. 
nw  macbioe  Is  supported  upon  a  carriage,  moving  en  a  track  parallel  with  the 
Aannel  to  ke  cut.  The  tool  is  of  course  not  rotated;  but  Uie  rifle-bar.  A,  Fig  4,  is 
employed  to  move  the  carriage  along  the  track  about  an  inch  after  each  blow.  The 
carriage  remains  ptationary  while  a  blow  Is  being  struck.  Under  favorable  cirouin- 
■tancee  this  machine  has  cut  from  8ato  lOO  sq  ft  of  channel  per  day  of  ten 
hours,  its  welirht,  including  carriage,  is  about  500U  lbs. 

A  wWe  ia  provided,  by  which,  if  desired,  the  steam  majr  be  sbnt  off  Irom 
the  piston  ou  the  down  strokctao  that  said  stroke  ntay  bemaoe  with  only  the  weiffht 
of  the  piston,  rod,  and  drill. 

Art.  89.  The  IngersoU  Oo  have  a  special  appliance,  designed  by  Mr.  W.  L. 
Saunders,  G  B,  <br  dl  IlllUlr  Wnd  hUmUM  vmelM  WnWEfr  water,  even 
when  they  are  corered  by  a  considerable  depth  at  mud. 

Art.  40»  Al r  COTiprsssars  for  rook-drUIs,  as  made  and  uied  in  this  coun- 
try,  are  moetlv  hor,  direct-acting  engines.  That  Is,  the  axea  of  the  eteam-  and  air- 
cylinders  are  nor;  and  the  piston-rod  passee  directly  from  the  steam-cylinder  into 
the  air-cylinder.  A  fly-wheel  Is  attached,  by  a  crank  and  connecting-rod,  to  the 
piston-rod.  Sometimes  the  steam-engine  is  separate  fh)m  the  compressor,  and  the 
power  is  conveyed  to  the  latter  by  belts  #r  gearing;  or  water-power  may  be  used  in 
the  same  way.  The  air  is  forced  Into  «  receiver,  which  to  generally  a  pIate4ron 
cylinder,  S  or  4  ft  In  diam,  and  5  to  12  ft  long. 

If  the  air-  or  pnmping-cyiinder  of  the  compressor  to  so  arranged  as  to  take  In  air 
on  one  stroke  only,  and  force  It  out  into  the  receiver  upon  the  return  stroke,  it  ii 
"  SlMftle*a— *nfr,*»  If,  at  each  stroke.  It  both  lekes  In  and  ftnreee  out  air.  It  is 
**  d^tible-actlngr.^    If  the  compressor  has  only  one  alr-oyhnder,  it  in^*sii»> 

51e.**    If  it  haft  two,  and  thus  practically  constots  of  two  single  compressors,  it  to 
duplex.** 

The  valves  may  be  either  **  poppet  **  valves,  held  in  place  by  springs,  and 
operated  by  the  pressure  of  the  air  itself;  or  slide  valves,  operated  by  eccentrics 
and  rods,  as  in  steam-engines. 

The  compression  of  the  air  develops  heat.  This  Is  removed  either  by  causing 
cold  water  to  circulate  through  the  air-piston,  and  through  Jackets  surrounding  th« 
air-cylinder;  or  by  Injecting  it  Into  the  alr-cyllnder  In  the  form  of  spray.  Or  both 
methods  may  be  used  together. 


d  by  Google 


682 


MACHIKB  ROCK-BBILL8. 


Art.  41.  *]%•  following  iMurtlal  list  of  OlsytoB  oompresMn,  compiled  fh>m 
data  given  by  the  makers,  snows  the  cUmensloiis  and  perfemuMiee  of 
each.    We  give  also  a  list  of  their  reeelvers. 


CI^ATTOlf  BOVBUE-ACTUIO  AIB-COMPBESSOBS.  Partial  List. 


Duplex  Dtreet-aetiiiir*  Compreflsors. 

Diam  of  steam-cylinders »« » .».ins. 

"     air  "         ins. 

Length  of  stroke » ins. 

Vnmber  of  levolntions  per  minute ,».... 


Onb  ft  of  firee  air  compressed  per  minute  ...».»Actual. 

Approximate  wt  of  compressor »»....... ....Iba. 

Approz  number  of  rock-driUv  with  8-inch  «rls  cms- 
plied  with  air  at  60  to  80  lbs  p«r  iq  inch .......... 


SlByle  Bireet^-aetiiiv*  CdmpyMowu 

Diam  of  steam-cylinder ins. 

^     air  «        ins. 

Length  of  stroke. ................ins. 

Number  of  revolutions  per  minute................ 

Cub  ft  of  free  air  compressed  per  minute. Actual. 

Approx  wt  of  compremor 

Approx  number  of  rock-drills   with  8-inch  cyls  sup- 
plied with  air  at  60  to  80  lbs  per  sq  inch 


Kamber,  dettgnatinc  the  ilM 
or  ihsmMliiD*. 


12 
ri20 
^  to 
U^O 
136 
8000 


8 
8 
12 

{120 
to 
140 
68 
1660 


«H 


10 

10 

18 
100 

to 
180 
210 
7000 


10 
10 
18 
100 
to 
180 
106 
3860 


14 

14 

16 
100 

to 
120 
438 
16000 


14 
14 

16 
100 
to 
120 
210 


18 
18 
24 
80 
to 
00 
000 
26000 

18 


18 
18 
24 
80 
to 
00 
460 
18760 


IHAmeter 
imehm. 

^n^,       ^^^xUja^ 

Diuneter, 
laob«s. 

^S' 

VSja!- 

88 

80 
36 

40 

^       700 

7  800 

8  1560 
6       1600 

40 
40 
40 
40 

8 
10 
11 
12 

1676 
1000 
2000 

2100 

The  Air-Receivers  have  brass-fiftce  pressure-gauge,  glass  water-gaupe^  safrtj-9f«lT% 
blow-off  valve,  try-cocks,  flanges  and  connections  to  autMnatic  feed  on  eeap 
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TRAonoiir. 


TEAOTION. 


Traetion  on  eomnioii  roads«  and  ennnUif  or  the  power  reqd  to  draw 
▼eblele*  and  bo«u  along  them.    la  ooaaaotion  with  tbU  ral||«et  raad  tha  praoklag  and  tba  Mlowiaf 

The  foUowlnf  Ubie  ibowa  telarabla  approximatloaa  to  the  foroa  in  Ibi  per  ton.  reqd  to  draw  a  ataw 
eoaob  and  paaaeagera.  up  aaoanu  on  the  Holjhaad  tornpike  road  in  England,  (a  fine  road.)  by  horaea ; 
aa  aaoeruincd  by  means  of  a  dynamometer.  The  entire  weight  was  1 J^  toaa :  but  In  the  Uble,  the 
raaulu  are  glren  per  alngle  ton.    Prom  the  nature  of  aueh  caaea,  no  great  aoouraoy  ii  attainable. 


Proportional 

Ascent  in  Pt. 

At  4  Xilee 

At6MlIea 

AtSiniea 

At  10  Ifilee 

Aeoent. 

per  Mile. 

per  Hour. 

per  Hour. 

per  Hour. 

per  Hour. 

Lbs. 

Lba. 

Lba. 

Lba. 

lin   UH 

840.7 

210 

216 

226 

240 

1  ••    » 

964. 

196 

202 

212. 

229 

1  ••     «8 

106.1 

156 

160 

166 

176 

1  ••    80 

176. 

187 

142 

147 

154 

1  ••     40 

182. 

114 

120 

124 

ISO 

1  '•    64 

82.5 

109 

115 

120 

126 

1  '•  118 

44.7 

102 

107 

lis 

120 

1  "  138 

88.8 

99 

101 

100 

117 

1  *•  166 

8S.9 

98 

101 

106 

112 

1  "  MS 

$1.6 

98 

96 

101 

107 

I  ••  600 

8.8 

81 

85 

01 

96 

Level. 

0. 

?6 

iO 

» 

91 

The  fbllewlBg  reanlta.  moat  of  them  with  the  aame  Instrument,  are  alto  in  lba  per  tan ;  with  a  fou^ 
wheeled  wagon,  at  a  slow  paoe.  on  a  level ;  and  the  roada  in  fair  oondltkm. 

On  aeubioal  block  paTement Sifts  per  ion .lo  60. 

*'      IfcAdam  road,  of  small  broken  atone 62'*     "    *•    probably  ta  75. 

"      graTelroad 140  ••     •♦    " 

"      Telfbrd  road,  of  email  stone  on  a  paving  of  apawls    46"     '*    **  "        •*  75. 

"      broken  stone,  on  a  bed  of  eemeat  oonorete 49  .«     i4    m  «<        1475, 

"     eemmon  earth  roada 900to660.  On  a  plank  road  SO,  to  60  lie. 

Tbe  tra«tlwe  power  of  a  iiome  dinilnlsl^eM  as  his  speed  in- 

trfiws; 


vrviasvs;  and  pernios;  within  certain  limits,  my  from  %  to  fbttr  miles  per  hour, 
nearly  in  inrerae  proportion  to  it.  Thas.  the  average  traotien  or  a  herae,  on  « Jevei.  and  actually 
pulling  for  10  hours  in  the  day,  may  be  aaaomed  approximately  aa  followa: 


Milea  per  hour. 

>'*:::::::: 

IH 

IH 

IH 


Lba.  Traetlon. 


.250. 
.200. 
.  166.66 
.142.86 
.125. 


MHea  per  hoar. 
8X.. 


Lba.  Traetion. 

.....  111.11 

100. 

90.91 

88.88 
71.48 


4    62.50 


If  he  worka  for  a  amaller  aamber  of  boara,  his  traotloo  may  Ineraaae  aa  the  hoara  diminiah  ;  down 
la  about  5  honra  per  day  and  fur  apeeda  of  abotit  flrom  1^  to  8  miles  per  hour.  Thus,  for  6  hours  per 
day  his  traction  at  i\i  mflee  per  hour  win  be  200  lbs,  *o.  When  aacending  a  hiH.  hto  power  dimin. 
iabee  ao  rapidly,  from  having  partially  to  raise  his  own  weight,  (whidi  averagea  about  1000  to  1100 
fts,)  that  up  a  alope  of  5  to  1,  he  can  barely  atruggle  along  without  any  load.    On  such  an  ascent. 

he  muat  exert  a  foroe  equal  to  489  lbs  per  ton,  or  of  196  lbs  for 
the  1600  fte  of  hfs  own  weight.  Aaauming  that  oa  a  level  piece  ef  good  turnpike,  he  would  when  haul' 
ing  a  eart  aad  toad,  tagether  weightag  1  ton,  have  to  exert  a  traouoa  of  60  Aa :  then  oa  aacending  a 
hUl  of  40  indinatten.  (or  l  In  14.8;  or  868K  t  per  mile.)  be  would  have  to  exert  156  Ae.  against  the 
gravis  of  the  1  ton :  and  67  Im,  against  that  of  his  own  weight ;  or  228  fts  in  all.  He  may,  for  a  flea 
mine,  exert  without  lajary,  about  twice  his  regular  traetion.  Thla  calculation  abows  that  up  a  bill 
ef  4°,  an  average  horse  is  ftilly  tasked  In  drawing  a  total  load  of  one  ton  :  and  should,  therefnre,  be 
allowed.  In  such  a  case,  to  choose  his  own  gait ;  and  to  rest  at  short  intervals.  A  fair  load  for  a  single 
horse  with  a  cart,  at  a  variable  walking  pace,  working  10  boors  per  dav,  on  a  common  undulating 
road  to  good  order,  is  about  half  a  ton.  in  addition  to  the  cart,  which  will  be  about  half  a  ton  more. 
With  two  horses  to  tbii  same  cart,  tbe  load  alone  may  be  about  1  ^  tons. 

Bbm.    Since  the  action  of  gravity  is  the  same  on  good  roads  and  bad  ones.  It  followa  that 

aseents  beeome  more  objeetionable  iiie  better  tbe  road  is. 

Thus.  OB  an  aaeent  of  IP,  or  184.4  ft  per  mile,  gravity  alone  requires  a  traetion  of  78  lbs  per  ton; 
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vbioh  ii  about  10  timM  that  on  a  lerel  railroad  at  6  mllM  aft  hoar ;  bat  only  about  eqoal  to  that  on  e 
level  common  turnpike  road,  at  the  same  speed.  Therefore,  (to  speak  somewhat  at  random,)  it  would 
require  10  locomotives  instead  of  1 ;  but  only  2  horses  Instead  of  1 .  A  grade  of  I  in  35 ;  or  150  ft  to  a 
mile;  or  1°  38',  Is  about  the  steepest  that  permits  horses  to  be  driven  down  a  hard  smooth  road,  in  a 
fast  trot,  without  danger.  It  should,  therefore,  not  b«  exoeeded  except  when  absoiately  necessary, 
especially  on  turnpikes. 

On  eanals  and  otber  waters,  the  liquid  is  the  resisting  medium  that 

Ukes  the  place  of  friction  on  level  roads.  But  unlike  friction,  its  resistance  varies  as  the  squuretf  oi' 
the  vels ;  at    least  from  the  vel  of  '2  ft.  p«r  nee.  or  l.JiW  mile«  per  hour ;  tt, 

that  of  11 H  ft  per  sec,  or  7.84  m  per  h.  Aa  tli--  -;--i  (■:!!<  i-!-.-.*-  >  '.,  m  p.-r  h,  tin-  n^^i-:!*..],--  vu-h-s  less 
and  leas  rapidly;  and  this  Is  the  caae  wheuier  kil-  muvea  uwij  liimts  jiiirtiy  auuvc  ttiu  BurJactit  or  is 
entireljF  immersfd.  In  lowing  aloug  staguant  canals,  &c.  tue  vtl  is  uaually  from  1  to  :i>i  m  per  h; 
for  freight  most  frequeutly  from  ij^  to  2.  Less  force  is  required  to  tow  a  boat  at  eay  2  m  per  h,  where 
there  la  no  current,  than  at  say  1^4  m  per  h,  against  a  curreot  of  5^  m  per  h,  because  in  the  last  case 
the  boat  has  to  he  liped  up  the  very  gradual  inclined  plane  or  slope  which  produces  the  current. 
The  force  required  to  tow  a  boat  along  a  canal  depends  greatly  upon  the  comparative  transverse 
sectional  areas  of  the  channel,  and  of  the  Immersed  portion  of  the  boat.  When  the  width  of  a  canal 
at  wat€r-liue  is  at  least  4  times  that  of  the  boat ;  and  the  area  of  its  transverse  section  as  great  as  at  least 
%^  times  that  of  the  immersed  transverse  section  of  the  boat,  the  towing  at  usual  canal  vels  will  be 
about  as  easy  &s  In  wider  and  deeper  water.  With  lessdimen-sioos,  it  beoomea  more  diQicult.  (D'Au- 
buisson.)  Much  also  depends  on  the  shape  of  the  bow  and  other  parts  of  the  boat ;  and  on  the  propor- 
tion of  its  length  to  Its  breadth  and  depth.  Hence  it  Is  seen  that  the  mere  weight  of  the  load  ia  by  no 
means  so  controlling  an  element  as  it  is  on  land.  The  whole  subject,  however,  is  too  intricate  to  be 
treated  of  here.  Morin  states  that  naval  coiijitnictflrg  estimate  the  resistance  to  sailing  and  steam 
vessels  at  sea,  at  but  from  about  .5  to  .7  of  a  ft  for  every  sq  ft  of  immersed  transverse  section,  when 
the  vel  is  3  ft  per  seo,  or  2.(H6  miles  per  hour.     It  Is  far  greater  on  canals. 

On  tbe  Schuylkill  Kavl^atfon  of  Pennsylvania,  of  mixed  canal 

aud  slack  water,  for  108  miles,  the  regular  load  for  3  horses  or  mules,  ia  a  boat  of  very  full  build;  audna 
keel:  100  ft  long,  173^  ft  beam;  and  8  ft  depth  of  hold  ;  drawing  bH  ft  when  loaded.*  Weightofboaf 
about  65  tous;  load  175  tons  of  coal,  (2240  lbs;)  total  weight  240  tons,  or  80  tons  per  horse  or  mule. 
On  the  down  trip  with  the  loaded  boats,  for  4  days,  the  animals  are  at  work,  act unlly  towing,  (except 
at  the  locks,)  for  18  hours  out  of  tbe  24  j  thus  exceeding 'by  far  the  limits  of  time  usually  allowed  for 
oontinuous  effort. 

On  the  canal  sections. '(which  have  60  ft  water-line;  and  6  ft  depth,)  the  speed  is  1%  miles  per  hour; 
and  on  the  deep  wide  pools,  2  miles. 

On  the  up  trip  with  the  empty  65-ton  boats,  the  average  speed  is  about  2H  miles  per  hour.  The 
empty  boats  draw  16  to  18  Ins  water  ;  and  frequently  keep  on  without  stopping  tn  rest  day  or  night 
through  the  entire  distance  of  108  miles.  The  animals  generally  have  2  or  a  ilaya'  rest  at  each  end  of 
tbe  trip  ;  but  nre  materially  deteriornted  at  the  end  of  the  boating  Hf>«8on. 

If  our  p'-('(---.iin?;  n-'-^mni-f ion  of  M?.  TTjst  rr^tfti"ii  of  a  librae  ar   !  =1:.'  niiln"  p<^r  hour,  is  Correct,  the 

traction  of  tbe  loaded  boau  on  the  oanalkeotioni  ia     '       "  =1.83  %%  per  ton. 

The  intblligent  engineer  and  superintendent  )9f  tbe  Sch  NaT,  James  F  Smith,  glrea  as  the  resalts 
of  his  own  extensive  observation,  that  one  of  these  large  boats  loaded  (240  tons  In  all)  may,  without 
distressing  the  animals,  be  drawn  along  the  canal  sections,  for  10  hours  per  day,  as  follows :  By  one 


Hverage  horse  or  male,  atthe  rate  of  1  mile;  by  two  aolmali,  at  IM  miles;  and  by  three,  %l\H  nfles 
per  hour.  When  four  animals  are  used  the  gain  of  time  is  Teiy  trifling.  At  a  time  of  rivalry  among 
the  boatmen,  one  of  them  ased  8  horses ;  but  with  these  could  not  exceed  2yi  miles  per  hour  in  the 


eanal  portions.    Two  or  more  horses  together  cannot  for  honn  paU  as  mnoh  as  when  working  aepa- 

rately. 
If  onr  preeeding  short  table  of  ths  traotioii  of  •  liocae  atdiff  vels  for  10  lionrs  is  oorreot,  then  the 

traction  of  the  above  loaded  coal  boats  (2i0  tons)  on  the  eanal  sections  of  tbe  navigation,  is  as  follows : 

The  last  column  shows  titetraodoalnlhs  per  aq  ft  of  area  of  immersed  trans  verseaeotiDn  where  largest; 

Tis,  about  85  sq  ft. 

Horses.  Miles  per  &our.  Lbs.  pte*  Toh.  Ll>s.  \^r  Sq  ft. 

1 i....l JU 1.04 2.te 

2 -..IH ffj 1.39 8.50 

8 IH fff 1.78 4.50 

8 on  pools 2    f  JJ 1.66..... 3.9S 

8 2» fJJ «.88 8.42 

Snptrip 2H ^ 4.61 13.i0 

lAehine  Canal,  Canada,  120  ft  wide  at  water-line ;  80  ft  at  bottom ;  dieptk 

en  mitre  sills  9  ft;  6  horses  tow  loaded  sohooners  with  ease. 

Before  the  enlargement  of  tbe  firle  eanal,t  lu  dimensions  were  40  ft  water-line ;  28  ft  bottom : 
4  ft  depth  of  water.  The  average  weight  df  tbe  boats  was  about  80  tons.  With  75  tons  of  load,  or  106 
tons  total,  they  were  towed  by  2  horses,  at  the  rste  of  al>ottt  2  milee  per  hour ;  which  bf  our  table«iii>«s . 
a  traction  of  nearly  2.4  lbs  per  ton.  The  boats  were  aboat  80  ft  long ;  14  ft  beam ;  tm\  33^  ft  draoclit 
loaded ;  hence  tbe  traction  by  our  table  would  beaboatS.7  lbs  per  sq  ft  (rfimoMrsed  transverse  seetioa. 

*  Cost  of  boats,  1884,  (Schuylkill  Canal)  ahont  $1800.  Annnal  repatn  aboilt 
t85.  Boau  last  16  to  20  years.  Length,  102  ft;  beam,  17H  ft;  draft.  1^  to5H  ft;  Capacity,  189 
tons ;  weight,  about  68  tons ;  speed,  with  8  mules*  \H  miles  per  hour. 

t  Length  1(63  miles ;  cost  $19680  per  mile.  The  enlarged  canal  has  70  ft;  43  ft ;  and  7  ft  of  water  | 
and  eost  $90800  per  mile  for  tbe  enlargement  only.  The  ooat  of  ths  aereral  oansls  in  FsnnsylraaM 
has  ranied  between  $23000  and  $50000  per  mUe. 
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What,  tot  tMm  Umati.  bMlBOB  a  mtMrnftrnt},  («te  «Mt«M»rly  tMiUnp  lM«l«a.)  Um  (mwUmju 
WnUM.woiildb»aHBap«>toii;<ir«b«olMrlMMgNMM(hf>Ali«T*l.reft«.  Is  ala*  VMld  b«  6^7 


ANIMAL  POWEB. 

Art*  !•     So  fur  as  regardi  horses,  this  subject  has  been  partially  considered 
aader  the  praoadlng  bMid,  TnoUoo.   All  MtUsatac  on  tbis  subjeot  most  to  a  ocrtain  exUnt  b«  Tacne, 


Mrinf  to  toe  411f  stMDgthB  ani  apeeda  of  aaiouOa  of  tbe  tame  kind ;  a«  weU  m  to  the  exteai  of  U«ir 
traioing  to  anj  parttcalar  kiad  of  mork.  ▲athorittea  oo  the  aafeiicot  <lllfer  widelj ;  and  aooetlma^ 
aaptaaa  tbamaelraa  la  a  laoae  mamer  tkai  (krowa  doubt  oa  tbair  meaning.  We  bellere.  howererw 
that  the  fMlowinf  will  be  feand  ta  be  aa  ekiae  approximation  to  praoUoal  averagea  aa  t^  natore  of 
tba  oaae  admiu  of  with  oar  present  imperfect  knowledge.  We  auppose  a  good  average  trained  horae. 
wMgldbf  not  leas  tbaa  aboac  H  a  ton,  wtil  IM  aad  treated.  8ucb  a  one,  when  acwallf  walking  for 
10  lumra  a  day,  at  tbe  vase  of  SH  milea  per  bear,  on  a  good  l««el  rand,  aaah  aa  tbe  «»w>patb  er  aeanak 
«r  a  eiroalar  borae-patb,*  CAlk  exevt  a  eODtiMfMMM  pull^^hrAUfflii,  poWAV, 

•r  traetlon,  of  lOO  lbs. 

Kow,  SH  milM  P«r  boor,  la  220  ft  per  mln,  or  8^  ft  per  aeo;  and  ainoa  10  hoar*  oontain  000  ada. 
Ilia  daj'a  work  of  aetoal  lianling  on  a  level,  at  that  apeed,  amonnta  to 

000  X  no  X  100  =  ISSOOOOOft-lba  per  day. 
Or,  33000  ft'lba  per  mtn,  w  9M%  tt-Tbu  per  aect  Which  means  that  be  exerts  fbroe  eooagb  dnrlbg  tile 
day  to  IM  13  200000  lbs  1  foot  high ;  or  1  320000  lbs  10  fleet  high ;  or  1S2000  B>s  100  ft  high,  fto.  He  may 
exert  this  force  either  in  traction  (hauling)  or  in  lifting  loads.  If  be  baa  to  raise  a  small  load  to  a 
gteai  heMt,  the  naoblnery  tkroogb  wbiol  be  deea  it  mast  be  ao  feared  aa  to  gain  speed,  at  the  loas 
(ao«moaly  bat  improperly  aa  axi^eaaed)  of  power.  Whether  be  lifla  the  great  wetgfat  throagk  a 
small  height,  or  the  small  weight  through  a  great  height,  he  exerta  preoisely  the  same  amooat  of 
foroe  or  power, 
■xpoienee  ahows  that  within  tke  Malta  of  5  aad  10  honra  per  4ay,  (the  apeed  remaining  the  aaae.) 

Uie  draft  of  a  borse  may  be  Increased  In  aoont  Uie  same  pr«r 

portion  as  the  time  1a  dlminislied  ;  so  that  when  working  r^om  6  to  lO  boars 
per  day,  it  will  be  about  as  shown  in  the  following  table.  Hence,  the  toul  nmouut  of  •  IS  200  000  ft-lbs 
per  day  may  be  aooompUsbed.  whether  the  horse  ia  at  work  &.  6,  or  8.  Ac,  boars  per  day.}  This,  of 
•oDne.  sbppoaea  him  to  be  aotaally  lifting  or  hauling  aU  the  Hm<;  and  makes  do  allowance  for  stop- 
pagea  for  any  pnrpose. 

Table  of  draft  of  a  borse,  at  2^^  miles  per  lionr,  on  a  level* 

Bears  per  day.              Lbs.                             Hoaraperday.  Lba. 

10 100  T  .'. 142i 

» iiij  « mn 

8 125  6 200 

Kxperlenee  also  sHows  that  at  speeds  between  3i  And  4 
mlira  an  hoar,  his  Ibree  or  drangrht  Win  be  Inversely  In  pro* 
portion  to  his  speed.    Thus,  at  2  miles  an  hoar,  for  10  hoars  of  the  day,  hii 

taught  wiU  be 

ailsa    aiks  He  Ss 

2   :    2}^    ::    100   :    mdraaghW 
Ml)CBlIes,ltwoaldbal0^fta;  at  8 milea, 8S|^ lbs }  and  at  4  BHlee,e2Hfta:  as  per  table  la 

Thersace,  la  thia  oaae  alaa,  the  entire  aawoaft  of  his  day's  work  remalaa  the  same ;  §  aad  wlthla 

*  To  enable  a  horse  to  work  with  ease  In  a  elrenlar  horse«wa]fc,  its  diam 
Shonldnot  be  less  than  25  ft;  SO  or  85  would  be  still  better, 
t  A  nominal  horse-poweir  is  33000  ft-Ibs  per  minute;  this  being  the  rata 


Msamed  by  Boultoa  and  Watt  in  aelling  their  engines ;  so  that  porabaaera  wlsbing  to  aabadtate 
ateam  for  horaea.  should  not  be  disappointed.  Their  assumption  eaa  be  oanied  oai  by  a  vevy  alraag 
horae  day  after  day  for  8  or  10  hoara ;  but  aa  the  engine  can  work  day  and  ni^ht  for  months  withoat 
stopping,  whioh  a  horse  cannot,  it  la  plain  that  a  one-horse  engine  can  do  moob  more  work  than  any 
one  saoh  horse.  Heooe  many  oi^iect  to  the  term  horse-power  as  applied  to  engines ;  but  since  every- 
body understanda  ita  plain  maaning,  and  snob  a  term  is  convenient,  it  is  not  in  fact  ot\Jeotionable. 
Boalton  aad  Wati  meant  that  a  one-horse  engine  woald  at  any  moment.Derform  the  work  of  a  very 
stroag  horae.  Aa  mumrag*  horae  will  do  hai  28000  ft-fta  per  mln. 


9'inils  remark  abont  speed  will  not  apply  to  loads  towed 
tnbrbnffh  the  water.  Thus,  if  his  draught  at  2  mil«e  an  hour  be  125  lbs ;  and 
at  4  milesHnH  lbs ;  be  will  on  land  draw  loads  in  thene  proportions ;  but  in  hauling  a  boat  through 
Oe  waUr  at  the  greeter  speed,  be  has  to  encounter  the  Increased  reslnUooe  of  the  wattr  iUelf;  which 
tealstanee  at  4  miles  is  mneh  more  than  twice  as  freat  aa  at  2  miles ;  prehaMy  4  times  an  great. 
Therefore,  at  4  aitles  on  a  canal,  his  draaght  of  82M  ^>*  woald  not  snCBoe  fbr  a  load  half  aa  gr«at  as 
ks  eenfld  tow  wMi  MS  drafl  oT  128  fta  at  2  miloa. 
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•n  the  fbregotnc  Inafta  of  hoart  and  vpMd,  may  be  tmMttea^  ulna  to  be  aboafe  18WO0M  ft-fte  fm 

day ;  or  SwOO  ft-llks  per  min  of  a  day  of  10  boara.  Bat  it  doee  not  follow  that  the  borM  can  alwari 
Id  praotioe  actually  l^/t  loadt  at  that  rate ;  beoaose  generally  a  part  of  bia  power  U  expended  u 
oyeroomiug  ihe  friction  of  the  maohiuery  whioh  be  puu  Id  motion ;  and  moreover,  the  nature  of  tii« 
work  may  require  bim  to  stop  frequeatljr ;  ao  tbat  in  a  working  day  of  8  or  10  houra,  the  borae  ma| 
not  actually  be  at  work  more  than  5,  6,  or  7  houra« 

Aa  a  rough  approximation,  to  allow  for  the  waste  of  force  in  overcoming  tlie  friction  of  boiatinc 
raacblnerv,  and  the  weigbt  of  the  boiatlng  ehaius,  bueketa*  Am,  we  may  aky  tbat  ttke  nSQfal 

or  paying  daily  net  work  of  a  liorse*  im  lioistlnir  by  a  €$om- 

mon  V^n,  la  about  10000000  ft-lba.  That  is,  be  will  raiae  eqairalent  to  10000000  Aa  netof 
water,  or  ore,  fto.  1  foot.  The  load  which  be  can  raiae  at  onoe,  tnclading  chains,  bucket,  knd  aa 
allowance  for  friction,  will  be  aa  nracb  greater  than  his  own  direct  foree,  as  the  diameC  tie  bors» 
walk  is  greater  tban  that  of  the  winding  drum ;  and  It  will  more  tbas  much  alower  tban  be  does. 
Hia  own  direct  force  will  vary  according  to  tbe  number  of  boore  per  day  that  he  may  be  reqotred  to 
work,  aa  in  tbe  foregoing  table.  With  these  data,  tbe  eice  of  tbe  bnokeu  can  be  decided  on ;  and  tf 
tbese  tbere  abonld  be  at  least  two,  so  tbat  the  empty  oae  at  the  bottom  may  be  Oiled  wblle  the  tail  ona 
at  top  is  being  emptied ;  so  as  to  aaTe  time.    Tbe  same  when  the  work  Is  done  by  aien. 

Art.  2.  A  practised  laborer  haaliuir  alonv  a  level  road,  by 
a  rope  over  iiis  sboalders;  or  in  a  circular  path,  pushing  before  him  a 
hor  lerer.  at  a  apeed  of  tnua  1  )<  toS  aiUes  per  hoar,  eaerts  «bouft  %  part  as  much  foroe  as  a  horsa; 
or  2  200000  ft^Ibs  per  day ;  or  3666^  ft-Iba  per  min  of  a  day  of  10  boars  of  aetoal  bauling  or  pnshioc^ 
But  laborers  frequently  b»re  to  work  under  circumsianoes  less  advaotsgeous  for  the  exertion  of 
their  force  tban  when  hsuliogor  pnabiDRin  tbe  manner  Just  alluded  to ;  and  in  auoh  casea  they  oannol 
do  as  muob  per  day.  Thua  in  turning  a  winch  or  crank  like  that  of  a  grindstone,  or  of  a  crane,  tha 
'oontinual  bendiag  of  the  body,  and  motion  of  the  arms,  is  more  fktlgning.  Tbe  Sise  Of  a 
Winell  Nhoald  not  exceed  IS  ins,  or  tbe  rad  of  aoircle  of  S  ft  dUm;  andagaiiMt 
it  a  laborer  can  exert  a  force  of  about  16  lbs.  at  a  vel  of  2H  f^  9^f  >^>  or  i^  f^  P^^  ^^Q'  making  rwj 
nearly  16  turns  per  min ;  for  8  hours  per  day.  To  tbese  8  hours  an  addition  must  be  made  of  about 
H  part,  for  short  rests.  Or  if  a  working  da/g  is  taken  at  8,  or  10,  Ac,  hours,  \  part  must  ganaraUy  be 
taken  from  it  for  snob  re«ta.  On  the  foregoing  data  an  hoar's  work  of  60  min  of  «e(iia{  hoUHik§ 
woold  be 

Qw         ft         min 
16  X  150  X  ^  =  144060  ft-fts) 
or,  deducting  ^  part  for  rests,  115200  ft- lbs  per  hoar  of  time,  inetuding  rests.    In  practice,  hpwerer, 
a  fbrther  deduction  must  be  made  for  tbe  frio  of  tbe  machine,  and  for  tbe  wt  of  the  hoisting  chains; 
and  in  case  of  raising  water,  stone,  ore.  &c.  from  pits,  for  tbe  wt  of  the  buckets  also.    As  a  rough 
aTerage  we  may  assume  that  tbese  will  leave  but  100000  ftlbs  of  paying,  or  usefbl  work  per  hoar; 

tbat  Is,  tbat  a  man  at  a  winch  will  actaaliy  lift  equivalent  to 
100000  lbs  of  water,  ore,  Ac,  1  f<oot  UigU  per  |ionr's  time,  In- 

Clndinar  rests.  ThU  is  equal  to  1666^  ftlbs  per  min  of  a  day  of  10  boars,  Inolading  rests. 
Therefore,  in  a  day  of  10  working  boars  be  would  raise  1 000000  lbs  net.  1  foot  high ;  Or  JUSt  JL 

Rart  of  what  a  horse  WOnld  do  with  a  grin  tn  the  same  time.  We  bare 
fore  seen  that  in  hauling  along  a  level  road,  be  can  at  a  slow  pace  perform  about  %  of  tbe  daily 
duty  of  a  horae.  He  may  also  work  tbe  winch  with  greater  foree,  say  up  to  30  or  even  40  lbs ;  bat 
hewill  do  it  at  a  pro^rtlonately  slower  rate;  thua,  aaoomplisbin«  only  the  same  daily  duty. 
With  a  irin,  like  those  Ibr  horses,  but  lighter,  with  2  or  more  bnokeu,  apra«> 
tlsed  laborer  will  in  a  working  day  of  IQ  hours,  raise  fh)m  1 200000  to  1 400000  ft-lb«  net  of  water,  of6, 
Ac.  With  a  shallow  well  or  pit,  more  time  is  lost  in  emptying  buckets  than  In  a  deep  one ;  bat  tha 
deep  one  will  require  a  greater  wtof  rope.  To  save  time  in  all  such  operations  on  a  large  scale,  there 
should  be  at  least  two  buckets;  tbe  empty  one  to  be  filled  while  thj^full  one  is  being  emptied.  It  is 
also  beat  to  employ  2  or  more  men  to  hoist  at  the  same  time,  by  winches,  at  both  ends  of  the  axis: 
and  tbe  men  will  work  with  more  ease  if  the  winches  are  at  right  angles  to  eaoh  other.  Bach  wtnoh 
handle  may  be  long  enough  for  2  or  3  men.  An  extra  man  should  be  employed  to  empty  tbe  bookeci. 
He  may  Uke  turns  with  the  bolsters.    Tbe  same  reouvks  applv  in  some  of  the  following  oases. 

On  a  treadwheel  a  practised  laborer  will  do  abont  40  per  cent  more  dally 
duty  than  at  a  winch ;  or  in  a  working  day  •  of  10  boars,  including  rosu,  he  wiU  do  about  1 400000  ft- 
lbs. And  be  can  do  ibis  whether  be  works  at  the  outer  clrcumf  of  the  wheel,  stepping  upon  foot- 
boards, or  tread-boards,  on  a  level  with  its  axis ;  or  walks  Inside  of  it  near  its  bottom.  In  both  eases 
he  acts  by  his  wt,  uaaall  v  about  130  to  140  lbs ;  and  not  bt  the  moseuUr  strength  of  his  arms.  When 
at  tbe  level  of  the  axis,  his  wt  acts  more  directly  than  when  he  walks  on  tbe  bottom  of  the  wheel; 
bat  in  the  firjt  case  be  has  to  perform  a  slow  and  fhtigning  duty  resembling  that  of  walking  np  a 
oontinuoas  flight  of  steps;  while  In  the  seoond.he  has  as  it  were  merely  to  ascend  a  verv  slightly  In- 
elined  plane;  which  be  can  do  much  more  rapidly  for  hours,  with  comparatively  little  foticne:  and 
this  rapidity  compensates  for  the  less  direct  action  of  his  wt.  Therefore,  In  either  case,  as  experienof 
has  shown,  he  accomplishes  about  tbe  same  araonnt  of  daily  duty.  Treadwheels  may  be  from  5  to  Sl 
ft  In  diam,  according  to  tbe  nature  of  tbe  work.  They  are  generally  worked  by  several  men  at  onoe , 
and  may  at  times  be  advantageously  used  in  plle-drlving,  as  well  as  In  hoisting  water,  stone,  Ao. 

By  a  94»od  common  pump,  properlv  proportioned,  a.  practised  laborei 
WiU  in  a  day  of  10  working  boors,  raise  about  1 000000  ft-lbs  of  water,  net.t 

Bailinir  with  a  liirht  bucket  or  scoop,  he  can  accomplish  about 

300000  ft-lbs  net  of  water.  By  a  bUCket  and  SWape,  (a  long  lever  rocking  vertioallyt 
and  weighted  at  one  end  so  as  to  balance  the  full  bucket  hung  from  tbe  other;  often  seen  at  country 

*  Tbe  working  day  most  be  understood  to  include  necessary  rests,  and  such  Intermissions  as  the 
nature  of  tbe  work  demaads ;  but  does  not  include  time  lost  at  meals.  A  working  dag  of  10  hoars 
ma; ,  therefore,  have  but  8,  7,  or  6,  Ae  hours  of  aetual  labor.  This  wiU  be  naderstood  when  wa  here- 
after speak  of  a  working  dav,  or  simply  a  day. 

t  Oesagulior's  estimates  of  daily  work  of  men  aott  honaa  esoead  tka  aboya,  bat  are  aatlr^  too  graai 
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welU.)  600000  to  800  000.  Id  the  l«*t  he  ha*  only  to  pall  down  the  empty  bucket,  and  thereby  nlae  tbt 

eouDterweisht.  Wty  2  backets  nt  tbe  ends  of  a  rope  suspeiMlea  over 

a  pMlley,  SOOOOO  to  eoeoOO.    Here  he  work*  the  boekett  by  pulUnc  the  rope  by  hand. 
Rr  a  tympan,  or  tympanam,*  worked  by  a  treadwheel,  about  1 200000 

By  a  Persian  wheel.f  a  ehaln-pump,  a  ebaln  of  bnek ets4  or 
an  Arebimedes  screw,  all  worked  Cy  a  treadwheel,  from  800000  to  1 000  000 

lt-A«.  Of  these  fear,  the  flrtt  three  loee  aaefol  effect  by  either  apilling,  leaking,  or  the  neoesiity  for 
taiainc  the  water  to  a  level  toniewhat  higher  than  that  at  which  it  Is  discharged. 

When  any  of  the  five  foregoing  machines  are  worked  bv  men  at  winches,  the  result  will  be  about 
^  less  than  by  treadwheels.  They  are  all  fkvquently  worked  also  by  either  steam.water,  or  horsepower. 

By  walklnir  backward  and  forward,  on  a  lever  wbich  rocks 
tm  its  center,  a  man  may,  according  to  Robison's  Mech  Philosophy,  perform  a 
mnch  greater  dutv  than  by  any  of  the  preceding  modes.  He  sUtes  that  a  young  man  weighing  135 
Aa,  anu  loaded  with  90  Iba  in  addition,  worked  in  this  manner  for  10  hours  a  dar  without  fktigoe ; 
and  raised  9}i  oobie  Ibet  of  water,  1 1  ^  ft  high  per  min.  This  ia  equal  to  8  964  OUO  ft-lbs  per  day  of  10 
hoora;  or  66M  ft- lbs  per  min;  or  nearly  -^  of  the  net  daily  work  of  a  horae  in  agin. 

A  laborer  standi npr  still,  can  barely  snstain  for  a  few  mfn,  a  load  of  100 

ft*,  by  a  rope  over  his  shoulder,  and  thence  passing  off  bor  over  a  poller.  And  aearcely  aa  much, 
when  (faoing  the  load  and  pulley)  he  holds  the  end  of  a  hor  rope  with  hia  bands  before  him.  He  can- 
aot  pMlk  her  wit^  Ua  huids  At  the  height  of  hia  sbonldera,  with  more  than  about  SO  Iba  force. 

Wel8ba«h  atatea  fiaom  hia  own  obaermtion,  that4  praetlscd  men  raided  a  dolly  (a  wooden  beetle 
er  rammer,  of  wood;  with  4  bor  prf\jecting  round  bars  for  handles)  weighing  120  ]h«,  4  ft  high,  at  th« 
rate  of  34  times  per  min,  for  Hi  min  ;  ana  then  rested  for  4}i  min  :  and  so  on  alternately  througl 
the  10  hours  of  tbeir  working  day.  Therefore,  6  of  these  hours  were  lost  in  reaU;  and  the  duty  per. 
formed  by  each  man  during  the  other  5  hours,  or  300  mius,  was 

120XO<  34X300^  j^^^^ 

In  tlM  old  mode  of  driving:  piles,  where  the  rain  of  400  to  1200  Sbt 

mapeoded  from  a  puUey.  was  raised  by  10  to  40  men  pulling  at  separate  oorda,  from  35  to  40  Iba  of  th< 
nm  were  allotted  to  each  man.  to  be  lifted  from  12  to  16  timea  per  min,  to  a  height  of  33i  to  4H  net 
•aeh  time,  for  about  3  min  at  a  apell,  and  then  3  min  rest.  It  was  verv  laborioya ;  and  the  gangs  had 
to  be  changed  about  sourly,  after  performing  but  }i  an  hour's  actual  labor. 

Hauling  by  liorsi^s.   ^     Ti  x  ;]  ;>.  When  working  all  day,  say  10  working 

hours,  the  average  rate  at  wLiicU  a.  Ijursc  wulk^  while  hauling  a  full  load,  and  while  returning  witt 
the  empty  vehicle,  if  about  2  to  2'^^  mites  per  hour;  iiat  to  allow  for  stoppages  to  rest,  Ac,  it  is  safest 
to  take  it  at  but  about  1.8  miles  })er  hour,  or  160  ft  [ler  min.  The  time  lost  on  each  trip,  in  loading 
and  nnloading,  may  usually  be  taken  «t  nliout  15  min.  Therefore,  to  find  the  nomber  of  loads  that  can 
be  hauled  to  any  given  dtst  in  a  dar.  firnt  find  the  time  in  min  reqd  in  hauling  one  load,  and  return- 
ing empty.  Thiis:  6iv  twice  the  dist  in  ft  to  whieti  the  load  is  to  be  hauled ;  or  in  other  words,  div 
the  length  in  ft,  of  the  round  trip,  by  160  ft.  The  qtii>t  is  the  number  of  min  that  the  horae  ia  In  mo- 
tion during  eaob  round  trip.  To  this  quot  add  15  min  lost  each  trip  while  loading  and  unloading  ;  the 
anm  Is  the  total  time  in  mio  occupiea  by  each  round  trip.  Div  the  nomber  of  min  in  a  working  day 
D  min  in  aday  of  10  working  hnurn)  bv  thin  tiucaber  of  min  reqd  for  each  trip;  the  quot  will  be  the 
__jBber  of  trips,  or  of  loadn  hauled  per  day. 
Kx.  How  many  loads  will  a  horse  haul  to  a  dist  of  960  ft.  in  a  day  of  10  working  hours,  or  600  min  7 

1820 
Bere.  INK)  X  3  —  1030  ft  of  round  (tip  at  each  load.    And  -  —  =  13  min,  occupied  In  walking.    And 

n+15  in  loading,  *c)  =  27  min  reqd  for  each  load.    Finally.  ^  =  -^l^lBiP  ^2H2  _  22.2,  or 

•  37  min  per  trip 

Mgr  32  tripa ,  or  loads  hanled  per  day. 

Table  of  number  of  loads  hanled  per  day  of  10  working 
boars.  The  first  col  is  the  distance  to  which  the  load  is  actually  hauled ;  or  half 
the  length  nf  the  round  trip.  The  cost  of  hauling  per  load,  is  supposed  to  be  for  one-horse  caru ;  the 
diiver  doing  the  loading  and  unloading ;  rating  the  expense  of  horae,  eart,  and  driver  at  S3  per  day. 

*  The  ty'mpan  revolves  on  a  hnr  shaft:  and  la  a  kind  of  large  wheel,  the  spokes,  arms,  or  radii  of 
which  are  gutters,  troughs,  or  pipea,  which  at  their  outer  ends  terminate  in  scoops,  which  dip  into 
the  water.  Aa  the  water  is  gradnally  raised,  it  flows  along  the  arms  of  the  wheel  to  iu  axis,  where 
It  is  disehd.  The  aooop  wheel  is  a  modification  of  it.  It  is  an  admirable  machine  for  raising  large 
qaantlties  of  water  to  moderate  heighu.  We  cannot  go  into  any  deuil  respecting  this  and  other 
hydranlic  maohines. 

t  ▲  kind  of  large  wheel  with  buckets  or  pots  at  the  ends  of  its  radiating  arms ;  revolves  on  a  hor 
azla ;  diaoharges  at  top.  The  buckets  are  attached  loosely,  so  as  to  hang  vert,  and  thus  avoid  opill- 
taig  nntil  they  arrive  at  the  proper  point,  where  they  oome  into  contact  with  a  contrivance  for  tilting 
and  emptying  them.  The  noria  is  similar,  except  that  the  bnoketa  are  firmly  held  in  place,  and  thua 
qrill  mnch  water.    It  is  therefore  inferior  to  the  Persian  wheel. 

I  An  endleaa  revolving  vert  chain  of  bnoketa.  D'Aubolaaon  and  aome  others  erronoooaly  eaU  this 
thonorlA.    It  is  aa  eflBoave  oumUm. 
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Dist. 

K«.  of 

Cost  per 

DUt 

•No.  of 

Oottpor 

Dift. 

No.  of 

Cost  per 

Feeu 

LO«l8. 

LoaST 

Peec 

Loads. 

Uad. 

Miles. 

Uads. 

Ln«4. 

Ct8. 

Ct8. 

Cts. 

10 

» 

S.28 

1600 

18 

11.U 

1 

28.57 

100 

8T 

6.41 

aeoo 

15 

18.88 

!t$ 

I3.8» 

200 

84 

5.89 

2500 

18 

15.38 

40.00 

800 

82 

6.25 

8000 

11 

ia.18. 

50,00 

400 

80 

6.67 

8600 

10 

20.00 

6M7 

600 

27 

7.41 

4000 

» 

28.22 

100^ 

1000 

22 

9.00 

5000 

T 

28.57 

200.00 

If  th«  loadiag  aod  uoloadiog  is  such  as  oanuot  b«  done  bj  the  driver  alone;  but  requires  the  help 
of  oraoes.  or  other  maohinery,  an  addition  of  from  10  to  50  cu  per  load  maj  beoome  ueoossary.  Haul> 
Ing  can  generally  be  more  cheaply  done  by  using  2  or  3  horses,  and  one  driver,  to  a  Tebicle.  The  aeat 
load  per  horse,  in  addition  to  the  vehicle,  will  uauallv  be  firom  H  to  1  ton,  depending  on  the  eonditioo, 
and  grades  of  the  road,    ^^rom  IS  to  15  cub  ft  of  solid  stone ;  or  from  23  to  27  oub  feet  of  broken  stone, 

make  1  ton.    I«  emUMMhtUXng,  tSMf  fc»ii,Hny  vouulK  ^luuery  •AaflM  for 

drains*  eolvert**  Ae^  bear  to  mind  that  eaoh  onb  yard  of  eommon  loabbled  rabbi* 
masonry,  requires  the  haaltng  of  aboot  1.8  oab  yds  of  the  st<me  as  osui^  piled  vpfor  sale  In  Um 
quarry ;  or  about  ^  of  a  eab  yd  of  the  original  rock  In  place.    A  enb  yfl  of  •oMcl  S^ll^v 

wli«ii  terolfcen  luto  pleoen,  iiMHally  occupies  ateoat  1.0  CMb  yds 

perfectly  loose  ;  or  about  1H  ^^^  Pii^  °P>  ^  strong  cart  fbr  stone  hauling,  will  weigh 
wout  %  ton  ;  or  1500  lbs  ;  and  will  hold  stone  enough  for  a  perch  of  rubble  masonry  ;  or  say  1.2  pers 
of  ttM  rough  stone  in  piles.    The  average  weight  of  a  good  working  horse  is  about  fi  a  ton. 

Morln  jrlves  the  followlnur  results  from  careful  experiments  made  by 
him  for  the  French  Government.  The  draft  of  the  same  wheeled  vehicle  on  a  road,  may  in  praotioe 
be- considered  to  be, 

1st.    #11  bard  turnpllces,  and  pareasemtsf  in  protiortfoii  to  th^ 

loads :  inversely  as  the  diiims  of  th4  wheels ;  and  neartv  independent  «f  the  width  of  tire.  It  InoresaM 
to  unoiertain  extents  with  the  inequalities  of  the  road;  the  sttflhess  (want of  spring) ef  the  vehlele; 
and  the  speed ;  (oon^iderably  less  than  as  the  square  roou  of  the  last.) 

9d.  On  soft  roads,  the  draft  Is  less  with  wide  tires  than 
with  narrower  ones;  and  for  farming  purposei  he  recommends  a  width  ci 
4  ias.    With  ipecda  from  a  walk  to  a  fhst  troW  the  draft  does  aot  rtrj  sensibly. 
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TEUSSES. 

INTRODUCTION. 

General  Principles. 

1.  Truss  Design  a  Specialty.  The  design,  construction  and  erection 
of  trusses  have  become  a  specialty,  to  which  persons  confine  themselves  more 
or  less  exclusively,  and  thus  attain  a  decree  of  expertnees  beyond  the  reach 
of  the  general  engineer.*  The  latter,  nowever,  should  have  a  knowledge 
of  the  subject,  sufficient  at  least  to  enable  him  to  form  a  well-grounded  opin- 
ion of  the  general  merits  of  a  design  and  to  guard  him  against  the  adoption 
of  one  involving  serious  imperfections.  In  a  volume  like  this  we  can  discuss 
only  general  principles. 

2.  The  Truss  Principle.  Theoretically,  a  truss  consists  of  a  number 
of  straight  bars,  joined,  near  their  ends,  by  perfectly  flexible  joints,  loaded 
only  at  these  joints,  and  so  an-anged  that  all  its  internal  stresses  are  sus- 
tained by  its  members,  and  only  the  vertical  t  pressures,  due  to  the  weights 
of  the  truss  and  its  load,  are  transmitted  to  the  abutments. 

3.  Distinction  between  Beams  and  Trusses.  When  a  solid  beam 
(Fig.  2,  H  7,  Transverse  Strength)  bends,  under  its  own  weight  or  under  that 
of  its  load,  all  the  fibers  above  the  neutral  axis  are  compressed,  while  all 
those  below  are  extended;  and  the  resulting  change  of  length,  in  each  fiber, 
is  proportional  to  the  distance  of  the  fiber  from  the  neutral  axis;  but,  in  a 
truss,  the  loads  ^including  the  weight  of  the  truss  itself)  are  theoretically 
regarded  as  divided  into  portions  which  are  concentrated  at  the  joints  be- 
tween the  members  and  which  act  through  the  cens  of  grav  of  their  cross- 
sections.  So  placed,  the  stresses  caused  by  them  could  not  act  transversely 
of  the  members,  as  in  a  beam,  causing  so-called  secondary  stresses,  but  must 
act  longitudinally  or  axially  of  the  members,  and  must  be  uniformly  distrib- 
uted over  their  entire  crossnaectional  areas.  This  is  the  distinguishing 
feature  of  all  trusses. 

4.  In  such  a  truss  the  material  would  be  used  most  economically,  and  the 
stresses  in  each  piece  and  in  each  part  of  such  piece  could  be  readily  and 
accurately  determined. 

5.  In  the  truss  of  a  well-designed  bridge  or  roof,  this  ideal  condition  is 
approximated  by  using,  for  the  principal  members,  straight  and  rather 
slender  pieces,  and  by  so  distributing  the  extraneous  load  that  it  shall  be 
applied  only  at  the  joints  between  the  members,  thus  subjecting  them 
cmefly  to  forces  acting  at  their  ends  and  in  the  directions  of  their  lengths. 
In  pin-connected  trusses  (see  If  175)  the  joints  are  practically  flexible. 

Most  of  the  trusses  m  ccunmon  use  consist  of  two  long  members, 
usually  horizontal  (but  see  H  49),  called  chords,  extending  throughout 
the  span  and  connected  by  web  members,  which  are  sometimes  all  in- 
dined,  and  sometimes  alternately  vertical  and  inclined.  Inclined  web 
members  are  called  diagonals. 

6.  Ties  and  Struts.  A  member  sustaining  tension  is  called  a  rod  or 
tie.  One  sustaining  compression  is  called  a  strut  or  post.  One  capable  of 
sustaining  both  tension  and  compression  is  called  a  tie-strut  or  a  strut^ie. 

7.  The  dimensions  of  a  truss  are  usually  measured  along  the  center  linee 
of  its  members;  and,  in  pin-connected  trusses,  the  pins  are  placed  at  the 
intersections  of  these  lines.  Hence,  the  measurements  are  usually  made 
from  "center  to  center  of  pins." 

8.  In  a  plate  girder,  the  flanges  are  usually  regarded  as  performing 
the  function  of  the  chords  of  a  truss,  and  the  web  as  performing  that  of  the 
web  members  of  a  truss. 

*  Railroad  companiee  and  munieipal  corporations  frequently  prepare  their 
own  bridge  specifications;  but  the  g^ieral  proportions,  number  of  panels. 
etc.,  are  often  left  to  the  judgment  of  the  bidders. 

t  We  here  suppose  the  truss  to  be  loaded  vertically.  If  the  load  is  other* 
wise  applied,  as  m  the  case  of  the  wind  pressure  upon  a  horizontal  bracing 
truss,  the  pressure  on  the  supports  may  be  horizontal,  or  otherwise  inclined 
to  the  vertical,  but  all  the  internal  stresses  are  still  sustained  by  the  truss 
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liOadins. 

9.  Dead  asd  lilye  Load.  In  bridges,  we  distinguish  between  the 
"dead''  and  the  "live"  load;  the  dead  load  comprising  the  weight  of  the 
permanent  structure — t.  e.,  of  the  bridge  itself,  with  its  trusses,  bracing  and 
floor  system ;  while  the  live  load  comprises  any  temporary  and  extraneous 
loads,  such  as  engines,  oars,  horses,  vehicles,  foot  passengers,  etc.,  which 
may  eome  upon  toe  bridge. 

10.  The  dead  load  is  usually  distributed  uniformly  along  the  span,  but 
the  loaded  chord  (that  carrying  the  roadwajr)  of  course  usually  receives  a 
greater  share  of.it  than  the  unloaded  chord.  The  live  load  comes  only  upon 
the  loaded  chord.  In  determining  stresses,  it  is  usual  to  consider  the  weight 
of  live  load  and  of  floor  system  as  being  on  the  loaded  chord,  and  the  rest  of 
the  dead  load  as  divided  equally  between  the  two  chords.  It  sometimes  hap- 
pens, however,  that  both  the  upper  and  the  lower  chords  carry  roadwasrs. 
They  must  then,  of  course,  both  be  treated  as  "loaded,"  thoue^  not  neces- 
sarily equaUy  loaded;  for  one  nuiy  carry  a  railway  while  the  other  carries 
only  a  highway. 

UnsymHietrical  Loading.    Counterbracing* 
11*  Unsymmetrical  Loading.     In  ^igs.  2  to  10^  the  loads  aie  sup- 
posed to  be  placed  symmetrically. 

1^.  If  this  could  be  the  case  in  practice,  the  compression  members  would 
never  be  called  upon  to  resist  tension,  or  the  tension  members  to  resist 
compression ;  and  the  trusses  in  Figs.  2  to  10  would  suffice  (supposing  each 
member  to  have  sufficient  strength),  even  though  the  compression  members 
were  incapable  of  resisting  tension  and  vice  versa.  Thus,  the  tension  mem- 
bers might  be  flexible  chams,  and  the  compression  members  might  be  poets, 
merely  abutting  against  supports  at  their  ends. 


^^^^^V^WK. 


(a)  .  "         (&) 

Fi«,  1. 

13.  But  in  a  truss.  Fig.  1  (a),  with  a  flexible  tie  in  the  panel,  i),  as  shown, 
the  load  W,  unsymmetncally  placed,  would  oause  failure,  as  Indicated. 

14»  CounterbracinK.  To  prevent  this,  those  members  which,  under 
mov^g  loads,  may  be  simjaoted  alternately  to  both  tension  and  eoinpressi<m, 
may  be  so  constructed  as  to  be  able  to  resisA  both  kinds  of  stress.  That  is  to 
say,  the  tension  tn^nbers  may  be  so  stinened  as  to  be  capable  of  acting  as 
posts,  and  the  ends  of  the  compression  membens  so  connected  to  the  chords 
that  those  members  can  also  act  as  ties.  This  is  the  expedient  usually  em- 
ployed in  trusses  without  vertical  web  members. 

15*  Counters.  In  trusses  with  reotancular  panels,  the  distortion,  Fig. 
1  (a),  caused  by  unsymmetrical  loading,  is  usually  prevented  by  the  mtro- 
duction  of  additional  members  called  counterbraces,  or  counters,  in  distinc- 
tion from  the  "main"  members,  which  last  are  designed  to  resist  the  noraaal 
stresses  due  to  uniformly  or  symmetrically  distributed  loads.  Thus,  in  Fig. 
1  (6)  the  unsymmetrical  load,  W,  tends  to  convert  the  rectangle,  p.  into  a 
rhomboid,  by  lengthening  its  diagonal,  W  d/  and  this  may  be  prevented  by 
the  introduction  of  an  obli<iue  tension  member  (counter)  in  the  line  of  that 
diagonal,  as  shown  by  dotted  line.  For  a  similar  reason,  such  a  counter  is 
inserted  also  in  the  corresponding  panel,  x  d. 

16.  Triangles.  It  will  be  noticed  that  the  Introduction  of  counters 
reduces  the  truss  to  a  framework  made  up  exclusively  of  triangka. 

17.  It  might  at  first  sight  appear  that  the  several  parts  of  a  bridge  truss 
must  be  most  strained  when  covered  from  end  to  end  with  its  maximum 
load;  but  this  is  true  only  of  the  chord  and  of  the  main  diagonals  and  verti- 
cals near  the  ends  of  the  truss.  The  other  web  members  may  be  more 
strained  by  a  part  of  the  load,  placed  unsymmetrically  on  the  truss;  bo  tliat, 

Hhough  correctly  proportioned  for  a  full  load,  they  may^be^toai^eak  for  H 
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pariiftleae.  IlaUbemAdeaastrongastheendones,  they  wiIl.itiatnM.be 
■afe  for  a  pMsing  load;  but  this  would  require  an  expense  of  material  that 
would  be  justified  only  in  the  case  of  moderate  spans,  especially  of  wood,  in 
which  the  additional  trouble  and  expense  of  getting  out  and  fitting  together 
pieces  of  many  different  siaes  may  more  than  counterbalance  the  saviac  in 
material. 

18.  In  large  bridges,  where  the  live  load  is  small,  relatively  to  the  dead 
load,  but  little  counterbracing  is  needed,  and  that  at  and  near  the  center 
only;  whereas,  in  a  very  light  bridge,  the  counters  should  extend  from  the 
center,  where  they  are  most  straineo,  to  neer  the  ends,  where  the  strain  upon 
them  18  least. 

Cross-bracing. 

10.  Bracing  between  Trusses.  Advantage  is  taken  of  the  proximity 
of  the  two  or  more  trusses  of  a  bridge,  standing  side  by  side,  to  connect  them 
by  cross-braoins,  thus  giving  to  the  entire  structure  far  greater  lateral  stabil- 
ity than  would  be  possible  in  the  single  trusses. 

20.  Thus,  lateral  bracing.  Fig.  39,  consists  of  horisontal  trusses  placed 
between  the  two  upper  chords  of  the  main  tniasee,  or  between  the  two  lower 
chords,  or  both;  the  ^^^oxds  of  the  main  trusses  acting  also  as  the  chords  of 
the  lateral  trusses.  The  lateral  bracing  prevents  lateral  deflection  of  the 
chords. 

91.  Sway  bracing*  Fig.  M  («)  (called  also  diagonal,  cross,  vibration  and 
wind  bracing),  consists  of  snort  trusses  (ueoaily  rerticai)  crossing  the  bridge 
transversely  and  thus  connecting  the  two  trusses.  The  sway  bracing  has 
its  own  chords,  but  uses  parts  of  the  posts  of  the  main  truss  as  its  end  posts. 

22.  Portal  bracing.  Fig.  54  (a),  consists  of  sway  bracing  (usually  in  an 
inclined  plane)  ioining  the  tops  of  the  end  poets  in  trusse^of  sufficient  depth 
to  permit  its  use.  Tne  portal  bracing,  with  the  end  posts,  forms  a  portal 
through  which  trains,  etc.,  enter  the  bridge. 

Types  of  Trusses. 

23.  The  liniDlest  form  ot  truss  consists  of  a  single  triangle.  Figs. 
2  (a)  and  (d).  In  Fig.  (a)  the  load  produces  compression  in  the  rafters, 
tension  in  the  chord  or  tie  rod.*  and  compression  (  —  the  tension  in  the 
chord)  between  the  heads  of  the  rafters ;  in  Fig.  (b)  vice  versa. 

24.  The  truss  showi^  in  Fig.  2  (a)  is  in  common  use  for  roofs  of  small  n>an. 
as  in  dwellings.  In  practice,  it  is  of  course  loaded  along  the  rafters,  and  not 
only  at  the  apex  as  in  Fig.  (a) ;  but,  in  calculating  the  stresses  in  truss  mem- 
bers, we  commonly  first  assume  that  the  loads  are  concentrated  at  the 
interaectwM  of  the  members.  The  effeet  of  th«r  actual  distribution  alono 
the  members  is  then  determined  separately,  treating  the  members  as  beams. 


^Q(h) 


25.  In  Fig.  S  (a)  (called  a  King  truss),  the  vertical  tie  (improperly  called 
a  King  post),  and  m  Fig.  3  (b)  the  vertical  post,  simply  carries  the  weight  of 
tlw  load  to  the  apex,  t,  where  it  produces  the  same  effect  as  in  Figs.  2  (a) 
and  (6). 

26.  Hence,  neglecting  the  weights  of  1^  vertical  tie  and  other  members, 
the  stJCMBuu,  «attsed  by  agiven  load,  W,  in  the  diagonals,  and  in  the  horison- 
tal tie.  Fig.  3  (a),  are  the  same  (not  only  in  character,  out  sJso  in  amount) 
as  those  pvodoced  by  an  equal  load,  W.  in  Fig.  2  (a).  Similarly,  those  in 
Fig.  3  (6)  correspond  with  those  in  Fig.  2  (6). 

♦  In  Figs.  2  to  12,  and  14  to  17,  double  or  heavy  lincs^dicate  posts  or 
struts,  and  light  lines  indicate  ties.  gitized  by  V^OOglt. 
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27*  Fi^a.  4,  5,  and  6,  giving  modifications  of  the  simple  foms  diown 
in  Figs.  2  and  3,  illustrate  in  principle  most  of  the  bridge  trasses  in  com- 
mon use  for  spans  up  to  300,  400  or  even  500  feet.  See  Figs.  7  to  10,  K  1{  36» 
etc. 

38.  In  Figs.  4,  5,  and  6,  there  is  an  upper  chord,  in  eompression^  and  a 
lower  chord,  in  tension;  the  shorter  chord  sustaining  the  compression  bc^ 
tween  the  heads  of  the  rafters.  Figs.  2  (a)  Mid  3  (a),  or  the  horisont..l  tension 
between  the  feet  of  the  diagonals.  Figs.  2  (b)  and  3  (b).  Figs.  4  (a)and  5  (a) 
are  modifications  of  Figs.  2  (a)  and  3  (a) ;  Figs.  4  (b)  and  5  (b)  of  Figs.  2  (b> 
and  3  (b) :  Fig.  6  (a)  of  Fig.  2  ia) ,  and  Fig.  6  (b)  of  Fig.  2  (b> 

(ft) 


(a) 

Flff.  4. 

99.  Figs.  4  (a)  and  4  (b)  may  be  regarded  as  showing  Figs.  3  (a)  and  3  (b) 
respectively,  with  the  vertical  member,  as  well  as  the  load,  split  in  two,  and 
the  two  parts  separated  by  horizontal  straining  pieces.     If  the  loads  are 

S laced  symmetrically,  so  that  the  horizontal  pressures.  Fig.  4  (a),  or  tensions, 
ig.  4  (b),  on  the  two  ends  of  the  shorter  chord,  are  equal,  the  two  diagonal 
counters  in  the  center  are  imnecessary. 


Tig.fi. 


30.  Howe  and  Pratt  Systems,  tn  Fi^.  5  (a)  the  vertical  web 
members  ^re  in  tension,  and  the  diagonals  are  m  compression,  embodying 
the  "Howe"  principle,  used  in  bridges  with  wooden  diagonals;  while  in  Fig. 
6  (b)  the  verticals  are  in  compression,  and  the  diagonals  in  tension,  embody* 
in^  the  "Pratt"  principle,  used  in  bridges  with  metal  diagonals.  In  such 
bridges  long  compression  members  are  objectionable. 

(W 


(«) 

Flff.  6. 

31.  Warren  or  Trlang^ular  Trusses.  In  Fig.  6,  illustrating  the 
"Warren"  or  "triangular"  truss,  the  web  members  are  all  diagonal,  and  are 
alternately  in  tension  and  in  compression.  They  divide  the  truss  profile 
into  iaoacelea  triangles. 

SIS.  Through,  Deck  an^  Pony  Span*.  Figs.  4  (a\  5  (a)  and  6  (a), 
with  the  roadway  on  the  lower  chords,  are  called  "through"  spans,  and  Figs. 
4  (b),  5  (b)  and  6  (b),  with  the  roadway  on  the  upper  chord,  are  called  "deck" 
spans.  The  deck  span  permits  the  use  of  sway  bracing  (see  t  21)  between, 
and  throughout  the  depth  of,  the  two  or  more  trusses  forming  the  bridge, 
while  the  through  span  of  course  does  not;  but  the  use  of  the  through  span 
is  often  required,  in  order  to  give  sufficient  head-room  for  boats,  floods, 
trains  on  crossing  roads,  etc.,  below  the  bridge.  A  truss,  loaded  on  the  lower 
chord,  but  too  shallow  for  lateral  bracing  (see  f  20)  between  the  upper 
chords,  is  called  a  "pony"  truss  (or  "pony  through"  truss). 

33.  Panels.  The  points  where  the  vertical  web  members  meet  the 
chords,  in  Figs.  4  and  5.  are  called  panel  points;  and  the  rectangular 
spaces,  antficad,  etc.,  Fig.  6  (a),  between  the  verticals,  are  called  panels. 

34.  The  Warren  truss,  Fig.  6,  has  no  verticals,  as  essential  parts  of  it.  See 
If  II  45  and  46.  Its  subdivisions  are  called  simply  triuigles;  and  a  panel  is  a 
length  of  truss  equal  to  the  width  of  a  trian^e.    A  panel  of  either  chocd. 

'>wever,  is  that  portion  of  it  between  two  panel  points. 
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8A«  Further  modifieationf  of  these  deagns,  with  more  nmserons  pamels, 
are  shown  in  Figs.  7  to  10.  Fip^.  7  (a)  and  8  (a),  with  verticals  in  teneioa, 
represent  the  Howe  truss  of  Figs.  4  (a)  and  6  (a),  while  Figs.  7  (b),  8  (b), 
9  (a)  and  9  (b),  with  diagonals  in  tension,  represent  the  Pratt  truss  of  Figs. 
4  (6)  and  5  (6).     Figs.  10  represent  the  Warren  truss  of  Fig.  6. 

36*  Fig.  8  <«)  represMitemBoply  Fi|;.  7  (a),  lowered  so  as  to  become  a  deck, 
instead  of  a  through  bridge;  while  Fig.  8  (6)  represents  Fig.  7  (b)  converted 
from  a  deck  to  a  through  span  by  being  carried  on  vertical  end  posts. 

37.  In  Figs.  8,  the  vertical  end  posts,  and  the  horixontal  piece  at  each 
end  of  the  loaded  chord,  form  no  part  of  the  truss  proper.  The  latter 
simply  act  as  beams,  supporting  the  load  during  its  passage  frcMn  the  abut- 
ment to  the  truss  and  vioe  versa.  The  end  post  in  Fig.  (a)  supports  only 
one  end  of  this  beam,  while  that  in  Fig.  (b)  supports  half  the  truat^ 


(«)  (6) 

Throniplft  Kowe.  Beek  Pratt. 

Wig.  7. 


Flff.  8 


(ft) 
Tliroiiffli  Pratt. 


Throvirli  Pratt. 


(•)  (*) 

BeelL  Warren.  Tliro«irlii  Waiven. 

Fly.  10. 

38.  In  Figs.  8  the  middle  vertical  carries  no  part  of  the  load.  Theoret- 
ically it  serves  mereljr  to  prevent  deflection  ox  the  two  unloaded  middle 
chord  panels  under  their  own  weight  j  but  in  practice  such  members  are  often 
insertM  for  the  purpose  of  obtaining  convenient  connections  for  lateral 
pieces,  such  as  floor  beams. 

39.  In  Figs.  0  (modifications  of  Fig.  7  (&})  and  in  Fig.  10  are  shown,  in 
principle,  the  most  common  forms  oi  metal  bridge  truss,  used  as  deck  and 
as  through  spans  respectively. 

40.  In  Fig  9  (a),  as  in  Fig.  8;  the  vertical  end  posts  and  the  horisontiU 
pieces  at  the  ends  of  the  loaded  chord  form  no  part  of  the  truss;  and  in  Fig. 
9  (6),  as  in  Figs.  8,  the  middle  vertical  supports  only  the  imloieuied  middle 
chord  panels.  ^       _  C^r^r\ci](> 
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41.  Interseelloiia*  In  deep  tronee,  two  or  more  sete  of  web  memtera 
are  sometimes  combined  in  one  truss,  with  one  pair  of  chords.  Thxm  tkw 
two  simple  Pratt  trusses  shown  in  Fi«.  11  (a)  and  (6)  combine  to  make  the 
"Whipple"  or  "double  intersection  Pratt"  truss*  Fi«.  11  (c),  recently  in 
general  use. 


Tig.  11.  Fl^  18. 

42.  Similarly  the  two  simple  Warren  trusses,  in  Figs.  12  (a)  and  (b),  < 
bine  to  form  the  double  intersection  Warren  of  Fig.  12  (c). 

43.  A  combination  of  four  systems  is  called  a  "quadruple  intersection" 
truss.    See  fig.  69  (^). 


Fly.  13. 


'  lattice  *'  trusi,  Fig.  13,  consisting  of  planks 

,  ,r  at  right  angles)  and  bolted  or  tree-nailed  to- 

fl»ther  at  their  intersections,  may  be  regarded  as  a  combinatioQ  of  several 


44.  The  old  Towne  -      r - 

crossing  each  other  (usually  at  right  angles)  and  bolted  or  tree-nailed  to- 


Warren  trusses. 


^4^^^1>^^  ^^i>\L/\L/w^ 


(«) 


Tig.  14. 
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45.  Gkib*vertical8.  In  deep  trusses,  where  the  horlxontal  spread  of  the 
panels  is  considerable,  sub-vertieals,  v.  Figs.  14  and  16,  are  often  used,  espe- 
cially in  Warren  trusses,  to  support  the  segments  of  the  loaded  chord.  See 
also  Figs.  69  (t),  (r),  and  («). 


(«) 


w 


,^\^[ii^mmi>^ 


ic) 

Tig.  15. 

In  the  "Baltimore*'  truss.  Fig.  16  (6),  each  diagonal  isbraoed,  at  its 
middle  point,  by  a  short  diagonal  strut  inclined  in  the  opposite  direction,  aud 
a  Bub-verticaJ  is  suspended  from  their  junction.  With  very  long  panels, 
sub-verticals  are  sometimes  used  for  the  panels  of  the  unloaded  chord  also. 
See  Fig.  16  (c). 
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46.  Collision  stmts,  or  colltsfon  »osts,  S.  Figs.  59  (k\  (m),  (o). 
«Dd  (t),  and  73  (a),  are  used  for  bracing  long  diagonal  end  posts  against  a 
blow  from  a  derailed  train. 


fa) 


(h) 


rig.  i«. 

47.  Fink  and  BoUman  Trusses.  Figs.  16  show  two  obsolete  modi' 
ficationsof  Fiff.  3  (6),  vis. :  the  Fink,  Fif;.  It  (a),  and  the  Bollman,  Fig.  16  (6). 
The  large  bridfge  over  the  Ohio  River  at  Louisville,  Ky.,  completed  1870.  is 
of  the  fink  type.  The  Bollman  was  largely  used  on  the  Baltimore  and  Ohio 
Railroad  years  ago. 

48*  In  the  Fink  and  in  the  Bollman  truss  there  was  but  one  chord,  as 
dhown.  This  dM»rd  usually  carried  the  roadway.  Where  the  roadway  was 
plaeed  lower,  it  gave  the  truss  the  ajpoearanee  of  having  two  chords.  Uiider 
umfonoly  distributed  loads,  in  the  Fink,  and  under  AiUcircumstanoes  in  the 
BoUmam.  the  siress  in  this  onord  was  umfona  throughout.  In  the  Bollman 
(aee  Fig.),  the  longitudinal  fitremes  in  the  chord  were  ail  applied  at  its  ends. 
Each  type  may  be  regarded  as  a  combination  of  several  suspension  trusses  like 
Fig.  3  (b) .  In  the  Bollman,  the  simple  trusses  were  all  of  the  same  span  and 
depth;  and  each  vertical  post,  eKoe^t  tl^  central  one,  divided  its  simple 
truss  eccentrioally.  The  Fink  principle  is  still  largely  used  in  n^tal  roof 
trusses.    See  figs.  26. 


M 
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are  frequently  tnaed  for  long  spans.  1  h  e  tn  e  ni  be  rs  them^^el  ves,  between  panel 
points,  are  alwagrs  sliaight.  In  the  bowstring.  Fig.  17,  the  panel  points 
at  the  upper  ehord  lie  in  a  curve,  convex  upward.     In  the  crescent  truss, 


Cnrred  Chords*    Trusses  with  curved  or  "broken  "  chords,  Fig.  17, 

!s,  between  panel 
the  panel  points 

^^ -_      crescent  truss, 

the  lower  chord  also  ie  convex  upward.  The  bowstring  trugis  has  the  ad- 
vantage, over  those  with  horisontal  upper  chords,  of  making  all  the  chord 
and  web  stresses  more  nearly  equal,  thus  simplifying  the  construction  and 
reducing  the  weight  of  the  trusses.  It  has  the  disadvantage  of  permitting 
no  overhead  bracing  near  the  ends  of  the  span.  If  the  curve  of  the  upper 
chord  is  made  parabolic,  the  dead  loa<i  ^^rr<<  is  uniform  throughout  the  lower 
chord,  and  in  each  vertical  (now  in  t  n)  the  stress  is  equal  to  the  dead 

loaa  on  the  lower  chord.  The  diagonals  receive  no  dead  load  stress,  but 
are  called  into  action  oliily  by  eccentric  loads. 


Wig.  IH. 

00.  The  Bnrr  truss.  Fig.  18,  at  one  time  much  used  for  wooden  bridgea 
was  a  eombination  of  a  Howe  truss  and  an  arch. 


y  Google 
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Camber. 
51.  Camber.  In  practice,  the  members  of  the  upper  and  lower  chords 
of  bridges  are  not  placed  perfectly  in  line,  butso  that  the  chords  curve  slightly, 
with  the  convex  side  upward,  lliis  curve  is  called  the  camber.  Its  object 
P  to  prevent  the  truss  from  bending  down  below  a  horizontal  line  when 
heavily  loaded.     When  the  chords  are  cambered  (see  y  «  and  c  d.  Fig.  19), 


Fl« 


they  become  approximately  concentric  arcs  of  two  large  cirdee,  of  which  the 
center  is  at  t;  and  the  upper  one  plainly  becomes  longer  than  the  lower. 
The  verticals,  instead  <^  remaining  truly  vertical,  become  portions  of  rmdti  of 
the  arcs  mentioned ;  and,  although  their  lengths  remain  unchanged,  yet  their 
tops  are  farther  apart  than  their  feet;  and  this  renders  it  neoessary  to 
lengthen  the  diagonals.    See  \^  211-214. 

Cantilevers.  ' 
52.  The   cantilever  principle  is  shown  in  Fig.  20,  where  A  and  B 


Ffs.  20. 

represent  counterweights  or  anchorages.  Fig.  21  shows  the  Ningam  «»&ti- 
lever  bridge.  It  consists  of  two  cantilever  trusses,  ofr,  a'  V,  conneoted  by 
an  ordinary  truss,  ha\  which  is  suspended,  by  a  vertical  link  at  each  end, 
from  the  ends  of  the  cantilever  trusses.  Tne  weight  of  the  truss  is  counter- 
balanced by  anchorages,  A  and  B,  or  by  weights,  or  both.  The  principal 
advantage  of  the  cantilever  is  that  it  may  be  built  outward  from  the 
piers  across  the  channel.  It  thus  greatly  facilitates  erection  in  oases  where 
false-work  cannot  well  be  used. 


Movable  Bridget. 
53.  Movable  bridges,  including  draw,  swing  and  lift  bridges,  are  of 
three  general  classes ;  one  in  which  the  moVable  part  slides  horisontally,  one  in 


^j;:^ 
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which  it  swings  horisontally,  and  one  in  which  it  swings  vertically.  Ordl« 
narily.  the  movable  span  is  pivoted  near  the  middle,  andswings  horisontally 
m  the  central"  swing"  or  "pivot"  pier,  as  in  Fig.  22.     In  such  cases  it  is 
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usually  mounted  on  a  central  pivot,  or  on  a  naet  of  rollers  or  wheels  running 
on  a  oiroular  track.  Such  a  bndge  must  be  so  designed  that,  when  it  is  swung 
open,  or  if  it  is  not  brought  to  a  bearing  at  the  ends  when  closed,  it  shaU 
sustain  not  only  its  own  weight,  but  also  any  other  loads  that  may  come  upon 
it.  In  addition,  each  half  must  be  able  to  act  as  a  bridge  supported  at  both 
ends,  with  all  possible  live  loads;  for,  as  an  unbalanced  live  load  comes  on 
either  end,  that  end  will  be  brought  to  a  bearing.  In  elaborate  bridges,  pro- 
vision is  made  for  raising  the  ends  of  the  draw  span,  when  closed,  thus 
bringing  both  ends  to  a  firm  bearing,  and  the  floor  flush  with  that  on  the 
adjacent  abutment  or  fixed  span.  This  raising  is  usually  made  sufficient 
to  relieve  the  middle  pier  of  only  a  portion  of  the  load.  The  bridge  then 
acts  like  a  "continuous"  girder  (see  Transverse  Strength,  IfK  78,  etc.)  sup- 
ported at  three  or  at  four  points,  depending  npoa  the  arrangement  of  the 
bearing  on  the  pivot  pier. 


54.  Drawbridges  in  which  the  movable  part  swings  vertically,  may  ^ther 
revolve  about  a  pivot,  or  they  may  roU,  as  m  the  Soherser  rolling  lift  bridge, 
Fig.  2a 

55*  Skew  bridges  are  used  where  a  channel,  road,  etc.,  is  crossed  ob- 
liquely, and  where  it  is  inconvenient  to  have  the  abutments  perpendicular  to 
the  trusses.  For  simplicity  in  making  floor  connections,  etc.,  the  truss  is 
usually  so  designed  as  to  luing  the  panel  points  opposite  each  other,  as  in 
ilgs.  24  and  25.    Where  the  skew  is  out  slight,  this  necessitates  a  difference 
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in  inclination  between  the  two  end  posts,  as  in  Fig.  24,  involving  complica- 
tion in  the  connections  for  the  portal  bracing.  But  where  the  skew  is  greater, 
h  may  be  possible  to  make  it  just  equal  to  one  or  more  even  panels,  adjusting 


Plan 
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the  panel  length  to  suit,  and  thus  leaving  each  truss  symmetrical,  as  in  Fig. 
26.  In  each  figure,  those  members  which  belong  only  to  the  farthtr  truss 
(the  upper  one  in  the  plan)  are  shown  by  <iott«d  lines.       ^  j 
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Boot  Tmises* 
56.  Boof  trusses  are  made  in  a  great  variety  of  forms.  Those  shown  in 
Figs.  26  are  common.  In  Fig.  26  (a),  part  of  load,  at  d,  compresses  the  rafter 
from  d  to  a,  while  the  remainder  compresses  the  strut,  ah,  and  pulls  the 
rod  h  i  and  the  part-chord  h  a.  Similarly,  part  of  c  passes  through  c  a  to 
a,  and  the  remainder  through  c  k  d  h  i  to  the  apex  i.  Thus  each  load 
is  eventually  carried  by  the  members,  part  to  the  apex  and  part  along  a 
rafter  to  an  abutment.  It  will  be  seen  that  the  grcuitest  stresses  m  the  rafters 
and  in  the  chord  occur  near  the  ends.*    Sometimes  the  members  shown 
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vertioal  in  Fig.  (a)  are  inclined,  or  the  lower  ehord  is  "bfoken,"  being  lumaHy 

convex  upward.  Roof  trusses  are  often  composed,  as  in  Figs.  (6)  and  ^>,  of 
two  Fink  trussest  inclined,  and  leaning  against  eaeh  other,  their  feet  being 
held  in  position  by  a  tie,  m  n,  and  the  rafters  forming  the  upper  chords  of  the 
Fink  trusses. 

STRESSES  IN  TRUSS  MEMBERS* 
General  Principles. 

57.  Conditions  of  Equilibrium.  In  trusses,  as  in  beams,  it  is  neces- 
sary and  sufficient,  for  equilibrium,  that  the  internal  stresses,  and  their 
moments,  shall  balance  the  external  forces  and  their  moments.  The  exter- 
nal  forces  (viz.,  the  loads  and  the  end  reactions)  and  the  resulting  moments 
and  shears,  are  discussed  under  Statics,  ^\  285.  etc.  We  here  discuss  the 
determination  of  the  internal  stresses.  For  the  fundamental  distinction 
between  beams  and  trusses,  see  Trusses,  1  3. 

ff8.  In  general,  the  stresses  in  the  members  are  found  by  means  of  the 
principles  of  moments  (Statics,  t1[  301,  etc.),  and  of  Shears  (Statics,  tl  325, 
etc.),  making  use  of  the  force  parallelogram  (Statics,  %li  35,  etc.)  or  force 
triansle  (SUtios,  1[t  46.  etc.),  the  foree  and  cord  polygons  (Staties,  1[1[  72, 
etc.,  $6,  etc.)  and  the  influenoe  diagram  (Statics,  ^\  339,  etc.). 

69,  A  very  convenient  method,  and  oee  in  common  use,  is  that  deseribed 
more  fully  in  ff  67,  etc..  below,  where  thb  truss  is  considered  as  being  cut 
through  by  a  section.  We  then  seek  to  ascertain  what  stresses,  in  the  mem- 
bers so  cut,  would  be  required  to  preserve  equilibrium. 

60.  Before  the  stresses  can  be  calculated,  and  the  truss  proportioned  to 
those  strains,  its  weight  must  be  known ;  for  this  constitutes  a  load,  and  there- 
fore affects  the  stresses.  But,  on  the  other  hand,  we  cannot  learn  its  weight 
until  we  know  the  sizes  of  its  different  members.  In  this  dilemma  we  must 
assume  for  it  an  approximate  weight,  based  upon  our  knowledge  of  some- 
what similar  trusses  already  built.  This  beoomes  the  more  necessary  as  the 
truss  increases  in  size,  so  that  its  own  weight  becomes  greater  in  proportion 
to  that  of  the  load. 


♦  If  the  diagonals  were  parallel,  their  stresses,  and  those  in  the  verticals, 
would  be  greatest  at  the  center  of  the  span,  and  least  at  thej^utments. 
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«!•  To  dltttiiffiilth  b«twe«B  tics  sad  BtmxtMi  from  the  poiM,  o» 
Fiffs.  27,  when  the  force  is  apolied,  draw  o  « to  repreeent  the  applied  foree» 
in  the  direction  in  which  that  force  tenda  to  niove  the  podnt,  •;  and  upon  o  e 
as  a  diagonal  construct  the  force  parallelogram,  a  b.  Through  o  draw  %  %  paral- 
lel to  the  other  diagonal  a  b.  l^en,  if  a  pieee  be  oti  the  same  side  of  i  t  with 
oc,  His  a  stmt;  while»if  itbeonth0^poaiteside,iti«»ti*. 


Wft*  ^^• 


92*  Ties  and  struts  n.ay  often  (as  in  Fig.  27)  be  readily  distin^ished  b^ 
inspection,  by  imagining  the  piece  to  be  flexible,  Itke  a  rope  or  cham.  If  it  is 
seen  that  it  would  then  resist  the  force  acting  upon  it,  the  member  is  a  tie; 
if  not,  it  is  a  «tnit.  Or,  suppose  that  the  DMce  ia  not  secured  at  its  ends. 
If,  then,  it  h  seen  that  it  would  resist  the  fmce  acting  vj^on  it*  the  member  is 
a  strut;  if  not,  it  is  a  tie. 

63.  Or  we  may  proceed  as  follows;  In  Fig.  28  (o>,  representhig  joint  <i, 
we  begin  with  the  known  net  vertical  reaction,  R  * ;  and  find  the  unknown 
stresses  in  the  chord  and  in  the  end  post  by  means  of  the  force  triangle, 
making  their  arrows  follow  the  known  direction  of  R.  Transferring  these 
arrows  to  the  respective  truss  members.  Fig.  id),  we  find  that  the  chord 
pulls  away  from  a,  and  is  ther^ore  a  tie ;  while  the  end  pojst  pushes  toward  a, 
and  is  therefore  a  strut. 


(c) 


Tig.  8S« 


64.  In  F'lft.  (&),  representing  joint  b,  we  draw  P  upward  to  represent  the 
fwessure  of  the  end  post  toward  6;  and  the  other  two  sides  of  the  force  tri- 
an^e  give  the  pressure  in  the  chord  member,  Q,  and  the  tension  in  the  tie,  T. 

65.  In  Fig.  (c),  representing  joint  e,  we  know  T,  M,  and  the  load,  W,  and 
we  obtain  the  tension,  N,  and  px«seure,  8,  in  the  corresponding  members. 

*  Inasmuch  as  half  of  each  end  panel  rests  directly  upon  a  support,  and 
thus  adds  nothing  to  the  stresses  in  the  members,  we  must,  in  determining 
those  stresses,  use  only  the 

net  reaction  —  reaction  —  lialf  panel  lioftdL^^i^ 
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06.  Tensile  stresses,  because  they  tead  to  eldnqtOe  a  member^  are  oen- 
ventionally  regarded  as  poeitive,  and  designated  by  +,  while  compreaetve 
stresses  are  regarded  as  negcaive,  and  designated  by  — . 

Method   by   Sections. 

67*  Let  Fig.  29  (a)  represent  a  roof  trass,  with  three  equal  loads,  W,  of 
2  tons  each,  applied  at  a,  c  and  6,  respectivelyj  and  let  it  be  required  to  nnd 
the  stresses  produced,  by  those  loads  alone,  in  the  members  a  c  and  a  d. 
Suppose  the  portion  shown  in  Fig.  29  (6)  to  be  separated  hx>m  the  rest  of  the 
truss,  as  shown,  by  cutting  throuc^h  the  members  a  c  and  a  d.  The  lower 
portions  of  those  members,  shown  m  (6),  are,  however,  supposed  to  be  held 
in  their  original  positions  by  the  stresses  So  and  S«,  exerted  in  these  mem- 
bers tbemselres.  Taking  moments  about  the  right  support,  b.  Fig.  29  (a), 
we  have,  for  the  upward  reaction  of  the  left  abutment,  a, 

R-   2- 

68.  We  have,  then,  at  a.  Fig.  29  (b),  four  forces,  as  follows:  two  known 
foro^  vis.:  W,  vertically  downward,  •■  2  tons,  and  R,  vefttoUly  upward, 

—  —o-l  '^d  ^^o  unknown  forces,  S«  and  84.    Now  S«  makes  a  known 

angle.  A,  and  Sa  a  known  angle,  B,  with  the  vertical.  The  vertical  forces, 
W  and  R,  have,  of  course,  no  horizontal  resolutes  (see  Statics,  %%  54,  etc.) ; 
and  their  vertical  resolutes  are  the  forces  themselves. 


liy.  29. 

69.  The  horizontal  resolutes  of  the  inclined  forces.  So  and  S4,  are,  re- 
spectively: S«.sinA,  and  Sd.sinB;  and  their  vertical  resolutes  are: 
S«.oosin  A,  and  S4.cosin  B. 

70.  We  see,  by  inspection,  that  the  stress,  So,  in  the  rafter,  a  e,  is  com- 
pression, and  that  the  stress,  Sd,  in  the  lower  member,  is  tension;  but,  for 
convenience,  we  may  at  first  assume,  in  advance,  that  all  of  the  unknown 
stresses  are  tensions  or  +.  Then  those  which  finally  appear  as  +  are  known 
to  be  tensions,  and  vice  versa.  Their  horizontal  resolutes,  in  this  case,  are 
therefore  both  taken,  for  the  present,  as  beipg  right-handed,  or  positive;  and 
their  vertical  components  upward  or  positive  also.  It  will  be  remembered 
(see  If  66)  that  we  regard  tensions  as  positive,  and  compressions  as  negative. 

71*  Now,  in  order  that  the  four  forces  at  a,  viz.:  W  —  2  tons,  downward* 
3  W 
K  —  — «"•  '^P^'^*"^*  So  and  Sd,  may  be  in  equilibrium,  it  is  necessary: 

(1)  that  the  sum  of  their  horizontal  resolutes  be  sero,  or 
SfSinA   4-   Sd.sinB    -   0; 

(2)  that  the  sum  of  the  vertical  resolutes  be  sero,  or 
R  —  W    +  Sc.cosinA   -h  Sd.cosinB   -   0. 

Thus,  let  A  -  45*»,    sin  A  —  0.707;    cosin  A  —  0.707. 
B  -  7fi',    sin  B  -  0.966;    oosin  B  -  0.259. 

Then  0.707  S,  +  0.966  S*  -  0 ; 

R  —  W  4-  a.707  So  +  0.259  Sj  -  0; 

«         --  0.966  Sd         —  0.259  Sd  — R  -f  W 

°*  "        0.707         "  0.707 


0.966  Sd  —  0.259  Sd  -  0.707  Sd  -  R  • 


-W. 
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79.  Again,  in  Fig.  30,  with  sMtion  uvt  stress  in«cl""Wi  —  R  —  6  — 

15  -■  —  9.    With  section  vy*  stress  In  e/  -•  — ^^ — r-  — j.    With  sec- 

'         cos  9         eos  B 


tion  IMP,  stress  in  gd  < 


Wi-f  Wa  — R 

cos  # 


l1 

cos  ^J* 


It  will  be  seen  that  these 


give  /en«ion  in  ea,  and  comiTT'esston  in  e/  and  gd. 

With  section  t»  we  out  two  web  members,  gd,  and  (^;  but  the  stress  in  gd 

Q 

has  already  been  found    -■ g*  ^^«  vertical  component  of  which  b  —  3. 

Hence,  stress  in  ^  -  Wi  +  Wj  +  Wt  +  3  —  R  -  6. 

73*  It  is,  however,  evident  from  inspection  that  the  middle  vertical  bears 
simply  the  middle  load,  Ws  —  6 ;  for,  cutting  the  truss  by  a  curved  section, 
as  at  e,  and  examining  the  small  portion  thus  out  out,  we  see  that  we  have 
but  two  vertical  forces — ^viz.,  the  central  load,  Ws,  and  the  stress  in  the 
vertical  member;  and,  f<Mr  equilibrium,  these  two  must  be  equal. 


6  6 

w,         W^        W^  |.P-10i 

Flff.  30. 


Chord  Stresses,  Momeiits. 

stresses.  Fig.  30,  let  P 

the  bending  moment  at  the  panefpoint,  d,  is 


74.  For  the  chord  stresses.  Fig.  30,  let  P  —  panel  length  —  10  ft. 
....  f p  •        '  • 


Then 


M  -  2RP  — WiP 

-  15  X  20  —  6  X  10 
~*  -  300  —  00  -  240. 

Cutting  the  truss  by  section  uv,  we  find  that,  of  the  three  members  cut, 
only  the  upi>er  chord  membe^  eg,  has  a  moment  about  d.  Call  its  stress  S. 
Its  leverage  is  the  depth,  D,  of  the  truss,  ^  12;  and,  for  equilibrium,  S  D  •• 

M.    Henoe,  S  -  ^  -  ^  -  20. 

75*  Similarly,  taking  moments  about  e,  we  find  the  stress,  in  the  lower 

chord  member,  /  ef,  cut  by  the  section,  u  v,  to  be  -r^  «  20,  or  the  same  as 

the  stress  in  the  upper  chord  panel  cut  by  the  same  section.  Inspection 
shows  the  correctness  of  this  result;  for  the  dia^nal  strut,  e/,  evidently 
delivers  to  the  upper  chord  panel,  eg,tk  compressive  stress  or  "chord  incre- 
ment ''  (see  t  77)  -■  the  tensile  stress  which  it  delivers  to  the  lower  chord 
panel,  /  d. 

76.  If  the  chord  members  are  inclined,  their  lever  arms  must  of  course  be 
measured  perpendicularly  to  them;  and  we  can  no  longer  use  the  vertical 
depth  of  the  truss  as  the  lever  arm. 

77.  Chord  Increments.  Fig.  30.  Each  diag  delivers  a  com p  stress  to 
the  upper  chord,  and,  in  trusses  with  parallel  chords,  an  equal  tensile  stress 
to  the  lower  chord.  Find  the  slraar,  or  vertical  component,  Vi,  Vj,  etc.,  of 
the  stress  in  each  diagonal,  beginning  with  the  end  post.  Then  the  "chord 
increments,"  h\.  As,  etc.,  or  the  stresses  in  the  chord  members,  af  and  me, 
fd  and  eg,  etc.,  due  to  the  several  diagonals  separat^y,  are 

hi  -  Vi  tan  tf 
Aa  -»  Va  tan  * 
hi  -  V«  tan  0 

and,  for  the  totcU  stress  in  each  chord  member,  we  have,  Hi  —  hi; 
Hf—Ai"*-Ai;  H««"Ai+A8+A»;  and  so  on.  • 
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SheM* 

78*  Aay  portion  of  a  shear  diagram  applies  to  all  those  members  throui^ 
which  its  shear  travels,  up  to  the  pan^  point  where  the  shear  undergoes  a 
change.  Thus,  in  Fig.  31  the  shear  diagram  on  the  right  of  the  Fig.  includes 
the  vertical,  tu!  that  on  the  left  includes  the  diagonal,  md/  and  that  between 
the  loads  includes  the  diagonal,  t  n,  and  the  vertical,  m  »• 


Fiff.  31. 

70.  Shear  Inflaen«e  Diagram.  See  Ststies,  tif  325,  etc.  In  a 
fru««,  Fig.  32,  the  ordinates,  cf  g,  etc.,  to  the  line  a^  6'  (constructed  as  in  Fig. 
156,  Statics,  t  349),  give  the  left  end  reactuniB;  and  those,  c'  A,  etc^  to  the 
line  a'b'^,  give  the  right  end  reactiona,  for  any  potMon  of  the  load;  and  the 
resulting  aheart  for  a  load,  W  (not  shown),  at  any  panel  point:  but  the 
aheart  in  a  pand^  od,  for  a  load,  W,  between  the  panel  pointa,  are  modified  by 
the  action  of  the  stringers  in  distributing  the  load  between  said  adjacent  panel 
points,  as  indicated  by  the  influence  lines,  qh,  etc.,  for  the  several  panda. 
Thus,  with  W  at  c  and  at  rf,  respectively,  the  shear,  in  the  panel  cd^  is  repre- 
sented respectively  by  c'A  (negative)  and  by  d'q  (positive) ;  and.  as  the  load 
passes  from  c  to  d,  the  shear  in  the  panel  changes  from  ch  to  d*q* 


Fiff.  89. 

But  when  W  is  placed  at  any  point.  «,  between  e  and  d,  its  load  is 
distributed  between  the  panel  pomts,  e  and  d,  by  the  stringer,  aeting  as  a 
beam. 

80.  Thus,  drawing,  for  this  beam,  c  d  (as  for  the  whole  beam  in  Statics, 
Fig.  166>,  the  panel  influence  lines  fd'  and  efa,  we  see  that,  as  W  moves  from 
a  into  tks  panel  cd,  as  to  «« the  truss  nacttoQ  at  a  is  thereby  riightly  increased 
from  d*q  to  ifk:  but  at  the  same  time  a  portion  of  W,  repteseated  by  «'4  is 
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<MTiedbytto«lfiaji:irtoe,whBteitd1miniriiMtfaiA^tg«^t(dii>tothetwMB 
Teaotion  at  a),  leaving  tk  as  the  rtAoe  ol  th«  ahear  in  tha  paaal.  Aa  we  plaee 
W  successively  at  other  points,  farther  from  d.  and  approaching  o,  the  load 
carried  by  the  stringer  to  c,  and  represented  by  the  ordinatea  n'om  c'd'  to 
fd*,  continue  to  increase  faster  thaii  does  the  left  end  truss  reaction,  R, 
represented  by  the  ordinates  from  a'b'  to  a%' ;  and  the  resulting  shears  in  the 
panel  are  represented  by  the  ordinates  from  id'  to  jq.  At  o,  the  part  load, 
o'j,  carried  to  c,  is  -*  the  left  truss  reaction,  and  the  shear  in  the  panel  is  zero. 
With  the  load  between  o  and  c,  the  part  loads  carried  to  c,  and  represented  by 
the  ordinates  from  V  ^,  to  H,  are  greater  than  the  eorrespondiag  left  end 
truss  reactions:  and  the  re^t  is  a  negative  shear  in  the  panel,  indicated  bgr 
the  ordinates  from  /  a  to  7/.  It  will  be  notioed  that  the  resulting  sbeam 
throughout^  both  positive  and  negative,  are  iadicated  by  the  ordinates  from 

Reversing  the  prooess;  a  similar  argument  may  be  apjalied  to  the  panel 
influence  line  c's,  o^ianing  with  the  load  at  e,  with  negative  shear  in  panel 
—  e'h,  and  supposing  it  moved  aoross  the  panel  to  d,  where  positive  shear 
in  the  panel  beeomes  —  d'q. 

81.  In  the  case  of  a  uniform  load*  extending  on  to  the  span  from  the 
lAffit  support,  b,  the  point  o  is  the  position  of  head  of  load  for  maximum  posi- 
tive shear  in  the  panel*  cd;  for,  in  the  case  of  a  uniform  load,  the  shear,  with 
head  of  load  at  e,  is  represented  b^  the  area  (sum  of  all  the  ordinate^ 
e'mgbV;  and  manifestly  this  area  increases  as  the  head  of  the  load  ap- 
proaches o;  but  when  it  reaches  o,  the  area  above  a^b*  can  increase  no  further, 
and  when  it  paaaee  o,  the  neoative  shears,  represented  by  the  ordinates  from 
o'c'  to  0%  begin  to  reduce  the  resultant  positive  shear, 

82.  Having  found,  b^  any  method*  the  BiSTiianm  shear,  4^9,  due  to  a 
oonceatratedload  at  d,  for  the  diagonal,  d  n.  Fig.  32,  and  tlie  reverse  maxi- 
mum shear,  cf  A»  due  to  the  same  load  at  c  we  may  draw  an  influence 
linsu  h  9,  which  gives,  as  before,  the  point,  o,  of  position  ef  head  of  tmiform 
lead  for  maximTmi  stress  in  the  diagonal,  d  n,  from  which  (as  abov^  ^  find 
the  oorresponding  position  of  the  head  of  a  series  of  concentrated  loads. 

In  praetieei  the  influence  line  for  shear  is  of  value  chiefly  in  thus 
finding  the  position  of  load  producing  maximum  stress,  and  the  resulting 
stresses,  in  trusses,  with  curved  chords,  such  as  Ftg.  17.  In  such  a  truss, 
owing  to  the  inclination  of  the  members  of  the  upper  chord,  those  members 
take  some  of  the  aheaos  in  their  respective  panels,  and  the  stress  in  the  diag- 
onal is  therefore  less  thiUi  the  shear  in  the  panel. 

Graphic  Determination  of  Bead  Load  Stresses. 

83.  Construct  first  a  diagram  of  the  truss,  as  in  Fig.  33  (a),  lettering  the 
spaces  betweea  the  members,  and  those  between  the  arrows  sepreasnting 
the  dead  k>ads.  OaU  the  end  post,  1-3,  between  A  and  B.  '*  AB/'  the  stress  in 
it  "ob,"  the  load  at  2,  **ed,"  etc.,  using  capital  letters  lor  panels  aad  truss 
members,  and  small  letters  for  loads  and  stresses.  Adopt  a  suitable  seals  of 
forces,  and  coastniot  the  diagram,  Fig.  83  (6),  as  follows: 


f  ^  \ 

XT  ^ 

0    I 

r 

/^ 

\  J 

0/ 

An  e  ^ 

\si/\ 

\  jcl 

\    3L 

\  »  \ 

I    tV 

0'" 


V 

d 

V 

/ 

\       i€ 

.     / 

^    /                      V   ylS.  m 

r. 

/.          aU< 

•8 

\ 

Y ' 

« 

\ 

M 

Fi«.  as. 


84.  C?onsider  first  the  point  1,  Fig.  33  (o).     

Find  the  net  end  reaction. 


-^s»i    -  J  '      There  are  here  three  forces 

In  equflibrium,  vis.,  oc,  ab  and  he.  Find  the  net  end  reaction,  R  ^  06,  and 
layit  off  upward  (since  it  acts  upward  on  1)  from  any  convenient  point,  a,  to 
€;  Fig.  33  (6).     From  a  draw  an  indefinite  line  ah  parallel  to  AB  and  from  e 


•  Since /A,  7V,  gd' and  ibtf' are  parallel,  fas'- Ha^e'J^  -f  «/. 
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draw  cb  i>arallel  to  BO,  obtaining  the  force  trisni^e  oe6  of  the  point  1.    The 
lengths  of  cb  and  6a  then  give  the  stresses  by  scale. 

85.  In  Fig.  33  (6),  the  arrow  on  ac  indicates  the  upward  direction  of  that 
force.  Following  around  the  triangle,  we  affix  arrows  (in  the  same  direction) 
to  ch  and  ha.  Supposing  these  arrows  now  to  be  transferred  to  the  corre- 
sponding members  in  Fig.  33  (a)  we  see  that  h  c  pulls  from  the  point  1,  show- 
ing that  b  c  is  tensile,  or  +,  while  &  a  pushes  toward  1,  showmg  that  6  a  is 
compressive,  or  — . 

86.  The  characters  of  the  stresses  may  be  found  more  quickly  as  follows: 
Draw  a  circle,  Fig.  33  (c),  and  place  on  it  arrows  pointing  around  in  the 
direction  (counter-clockwise  in  this  case)  followed  around  the  truss  in 
constructing  the  load  line.  See  %  92,  below.  Then  consider  any  panel  point. 
Fig.  33  (a),  and  follow  the  letters  in  the  spaces  around  that  point  in  the  direo- 
tion  of  the  arrows  on  the  circle.  Note  the  order  of  the  letters,  and  follow 
the  corresponding  equilibrium  polygon.  Fig.  33  (6),  around  in  the  same  direo- 
tion.  This  will  give  tne  directions  m  which  the  forces  respectively  act  on  that 
point. 

87.  Thus,  consider  the  panelpoint  2.  Following  around  2  in  the  direc- 
tion of  the  circle,  we  read  B,  Cf,  D,  E.  Turning  now  to  Fig.  33  (6),  and 
reading  b,  c,  d,  e,  we  find  that  on  be  we  go  from  right  to  left  (or  opposite 
to  the  direction  indicated  by  the  arrow  drawn  for  point  1) ;  hence  be  acts 
to  the  left  on  2,  and  BC  is  therefore  in  tension,  and  its  stress  6c  is  +. 


88.  Given  now  the  stress,  6c,  in  BC,  comstruot,  on  6c  the  force  polygon 
6cdefor  the  four  forces  acting  on  the  point  2.  Thus,  from  c  lay  oflf  cd  down- 
ward, to  represent  the  dead  load  on  the  lower  chord  at  2.  Since  6c  acts  as  a 
pull  h'om  the  left  on  2,  and  since  the  forces  must  follow  eaeh  other  ut>und  the 
polygon,  cd  must  evidently  be  drawn  downwiurd  from  e  and  not  from  6. 
f'rom  d  draw  an  indefinite  line  parallel  to  DE,  and  from  6  another,  parallel 
to  BE.  They  will  intersect  at  some  point,  as  e,  and  eb  and  de  will  then  repre- 
sent the  stresses  in  BE  and  DE. 

89.  Inspection  would  show  that  be  -^  cd,  since  cd  is  the  only  force  acting 
on  2  with  a  vertical  component,  and  that  be  **  de;  but  the  construction  of 
the  force  polygon  hcde  is  necessary  for  tli^  completion  of  the  diagram. 

90.  Having  now  foimd  the  stresses  in  DE,  BE,  and  AB,  and  knowingthe 
panel  load  ( =»  g  a)  at  the  point  3,  construct  the  polygon  g  ab  e  f  g.  This 
gives  e  f  ana  /  g,  and  from  these  the  process  may  be  eontinued  and  the  dia- 
gram completed. 

91.  It  will  be  noticed  that,  in  some  cases,  a  pomt  on  the  diagram,  Fig. 
33  (6) ,  is  given  more  than  one  letter.  Ordinarily  this  is  simply  a  coincidence, 
arising  from  overlapping  of  the  force  polygons.  ^  In  some  cases,  however,  the 
coincidence  of  the  letters  shows  that  the  stress  in  the  member  is  zero. 

92.  In  practice  it  is  usual  to  construct  first  the  entire  load  line  di  thu»: 
.draw  first  the  net  reaction,  ac,  upward;  then,  following  around  the  truss 
counter-clockwise,  draw  all  the  other  exterior  (dead  load)  forces  in  their 
proper  order,  thus  cd,  dk,  kl.  Is,  at,  tv,  vp,  pOf  ohj  hg,  ga.  The  stress  diagram 
may  then  be  conetructed,  as  before. 
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93.  It  nucht  at  first  be  suppoaed  tllat  each  member  of  the  truaa  would 
receive  ite  maximum  itress  when  the  train  completely  covered  the  bridge; 
but  this  is  true  only  of  the  chord  members.  In  the  truss  shown  in  Fig. 
33  (a)  each  web  member  receives  its  maximum  stress  when  the  greatest 
possible  shear  occurs  in  a  section  cutting  that  member. 


Wig.  34. 


94.  In  Fig.  34,  the  motn  diagonals  to  the  left,  and  the  counters  to  the  riifhi 
of  the  center,  G,  are  shown.  Any  one  of  these  members  receives  its  maxi- 
mum stress  from  a  uniformly  distributed  load  when  the  load  extends  from  it 
to  the  right  support  6,  with  head  of  load  at  a  point,  o.  Fig.  32  (a),  found 
as  in  f  81 ;  axidvice  versa  for  the  diagonals  inclined  in  the  oppoaiU  directicm. 
Each  vertical  receives  its  maximum  stress  when  the  load  extends  from  the 
f^iher  support  to  a  point,  o  (see  ^  81).  in  the  panel  beyond  the  vertical. 
This  statement  must  be  slightly  modified  when  the  concentrated  wheel 
SeeKtOT.eto. 


loads  are  considered. 


>^ixixixi2I^ 


w 


Wig,  85. 


Off.  Assamed  Unit orm  Ure  Load.  As  a  crude  approximation,  the 
engine  and  train  are  sometimes  considered  as  a  uniform  load  crossing  the 
bridge.  Fig.  35;  but  this  method,  ignoring,  as  it  does,  the  great  concentration 
of  weight  m  modem  locomotives,  is  a^t  to  be  either  uxisaf e  or  wasteful  of 
material.  This  assumption  is  proper  in  connection  with  wind  pressure  on 
train.    See  H  121. 


Flgr.  36. 


06.  Concentrated  Excess  Loads.  Again,  to  provide  for  the  locomo- 
tive loads,  one  or  more  concentrated  excess  loads,  Fig.  36,  are  sometimes 
emplo3^.  The  stresses  due  to  theee  loads  may  be  computed  separately,  and 
added  to  the  stresses  produced  by  the  uniform  live  loads.  To  produce  the 
maximum  chord  stresses,  the  excess  loads  should  be  in  the  middle  of  the  span, 
and  the  train  load  should  cover  the  entire  bridge.  This  method  is  fairly 
approximate,  and  engineers  are  divided  as  to  whether  this  method  of  con- 
centrated excess  loads  should  be  used,  or  that  of  the  actual  or  "typical** 
locomotive  wheel  loads  as  explained  below. 

67.  Standard  or  Typical  "  Wheel  **  Loadings*  In  the  method  of 
idieel  loads^  the  actual  stresses,  produced  by,  the  heaviest  engines  likely  to 
cross  the  bridge,  are  considered.  Even  in  engines  of  nearly  the  same  weight, 
the  loads  maybe  differently  spaced,  and  spaced  at  intervals  of  odd  fractions 
of  an  inch,  rendering  computation  very  laborious.  For  this  reason,  and  in 
order  to  provide  for  the  use  of  heavier  engines  in  the  future,  it  is  customary  to 
consider  an  imaginary  or  "typical"  engine,  with  loads  and  spacing  given  in 
round  numbers,  the  stresses  from  which  shall  at  least  be  equal  to  tn^ee  pro- 
duced by  the  heaviest  engines  likely  to  be  used  during  the  life  of  the  bridge. 

The  live  loads  are  ordinarilv  taken  as  consisting  of  two  typical  locomotives 
with  their  tenders,  followed  by  a  uniform  train  load.     See  Digests  of  Speci- 
fications. 
4R 
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98.  The  following  is  an  exampte  of  the  computation  of  live  load  streaaes  by 
the  method  of  locomotive  wheel  loads : 

Fig.  37  (6)  represents  the  loads  on  one  rail,  corresponding  to  Cooper's 
Standard,*  Class  £  40,  which  consists  of  two  coupled  oons(^idation  loco* 
motives,  followed  by  a  train  considered  as  equivalent  to  a  uniform  load  of 
4000  lbs.  per  Imear  foot.  In  the  diagram.  Fig.  37  (a),  all  loads  are  figured 
in  thousands  of  pounds,  moments  in  millions  of  foot-pounds,  and  distances 
in  feet. 


/o  aQSOMio    isi»  i9t9   10  20iOi02$    iitatasi    jiptr/wd 
LotMda  im^  IhougandB  of  pounds 

Fl|r.  S7. 

90.  Live  Load  Web   Stresses.      The  maximum  live  load  str< 

will  occur  in  the  web  members  of  any  panel  of  the  truss  in  Fig.  34  or  38, 
when  the  live  load  produces  the  maximum  shear  in  that  panel.     It  can  be 

W 

shown  that  this  will  occur  when  P   —  •  where   P   =»   the  live  load 

n 
on  the  panel  cut  by  the  section  |  W  »  the  total  live  load  on  the  truss, 
and  n   =   the  number  of  panels  in  the  truss.     This  equation  is  called  the 
criterion  for  maximum  shear. 

100.  The  following  table  is  based  upom  this  relation.  The  seeond  tfol- 
umn  is  obtained  by  adding  successive  wheel  loads  to  P.  in  this  case, 
W  =  6  P,  since  our  truss  has  6  panels.  Let  any  wheel  be  at  a  panel 
point.  Then,  by  moving  the  wheel  a  little  to  the  left  or  right,  it  will  bo 
moluded  in  or  excluded  from  P.  Hence  P  and  W  have  each  a  minimum 
and  a  maximum  value  for  each  wheel  at  the  panel  point* 

Value,  P,  of  load  on         Corresponding  value  of 
panel  to  left  of 
given  point. 
0  to  10,000 
10,000  to  30,000 
30,000  to  50,000 
60,000  to  70,000 
70,000  to  00,000 


No.  of  wheel  at  any 

given  panel 

point. 

1 
2 
3 
4 
5 

101.  The  correct  position  of  live  load,  for  maximum  shear  in  any  panel, 
is  found  by  successive  trials.     When  the  correct  position  is  found,  the 


W  for  maximum 
shear  in  panel. 

pto  00,000 

60.000  to  180,060 

180,000  to  300,000 

800,000  to  4!20.000 

420,000  to  540.000 


♦"Transactions  Am.  Soc.  Civ.  Engrs.. 
p.  227.     See  Digests  of  Specifications. 


vol.  xui.  No.  858.  Dee.,  1809, 
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momeat  about  th«  right  support  is  computed,  and  from  this  the  shear  is 
obtained.      For  example,  see  below. 

102.  These  operations  may  be  performed  bv  eomputation,  with  or  with- 
out the  aid  of  graphic  methods.  As  the  method  of  computation  alone  is 
rather  tedious,  particularly  when  the  form  of  the  truss  is  complicatea  by 
curved  chords  or  sub-panels,  and  as  the  graphic  method  is  abundantly 
accurate  for  all  practical  purposes,  and  has  the  advantage  of  direct  app^ 
to  the  eye,  only  the  latter  is  given  herewith. 

103.  The  ••wheel  diaflrram,**  Fig.  37  (o),*givee  (1)  a  stepped  "load 
line "  or  "  shear  diagram/'  and  (2)  a  curved  **  moment  diagram "  or 
"  equilibrium  poison.''     See  Statics,  1 1[  359,  etc. 

104.  The  load  line  gives  the  total  live  load  to  the  left  of,  and  including, 
any  point. 

105.  The  moment  line  gives,  at  anv  point,  the  (left-handed)  live  load 
moment^about  that  point,  of  all  loads  to  the  left  of  and  including  that 
point.    Thus,  to  the  left  of  and  including  wheel  No.  6  we  have 


Wheel. 
1 
2 
3 

4 
5 


Load. 
10.000 
20.000 
20.000 
20,000 
20,000 


Distance  from 

wheel  5. 

23 

16 

10 

6 

0 


Moment  about  6 
in  ft  .-lbs. 
230,000 
300.000 
200.000 
100.000 
0 


Total,     90.000 


830,000 


and  the  ordinates,  ab  to  the  load  curve,  and  ae  to  the  moment  curve, 
under  wheel  6,  measure  90.0  and  0.830  respectively. 

1D6.  Fig.  38  represents  the  truss,  to  the  same  scale  as  Fig.  37.    We  may 
oall  this  a  "  truss  diagram."  f 


B C n E F 


-a 

107*  Example.  To  compute  the  maximum  shear  in  the  panel  be.  Fig. 
88,  first  find  that  posUion  of  the  load  which  will  produce  that  maximum 
shear.  As  a  guess,  place  the  truss  diagram.  Fig.  38,  f  with  its  point  c  under 
wheel  2,  Fig.  37.  Examining  the  load  diagram,  over  the  right  end.  a,  of 
the  span,  we  see  that  we  now  have  a  total  load,  W,  of  284.000  lbs.  on  the 
span;  and  the  load  diagram,  over  wheel  2  (placed  at  point  e)  shows  (see 
also  table,  5  100)  that  the  load.  P,  on  the  panel,  b  c,  is  now  somewhere 
between  10,000  and  30,000  lbs.;  but,  for  maximum  shear  in  the  panel,  be, 
the  load,  P.  on  that  panel  must  be  (see  f  H  99  and  100)  =  W  -i-  n  = 
284,000  -i-  6  >  30.000  lbs.  Hence.  P  must  be  increased  by  moving  the 
train  diagram,  Fig.  37,  to  the  left  (or,  which  is  the  same  thing,  by- moving 
the  truss  diagram.  Fig.  38.  to  the  right)  until  wheel  3  is  over  c.  We  now 
have  W  =  292,000  lbs.;  P  =  anywhere  between  30,000  and  50.000;  and 
required  value  of  P.  for  maximum  shear,  =  W  +  n  =  292,000  -t-  6  = 
48,667  lbs.     Hence,  the  conditions  are  satisfied,  and  panel  b  c  reoaiveg  its 

♦Method  published  by  Ward  Baldwin,  "Engineering  News,"  vol.  xxii, 
Sept.  28,  1889,  p.  295.     See  also  letter,  "  Eng.  News,"  Dec.  28, 1889,  p.  615. 

t  For  the  fcJlowing  discussion  it  will  be  found  convenient  to  make  a 
copy  of  Fig.  38,  or  simply  of  the  lower  chord,  on  a  separate  piece  of  paper 
which  may  be  applied,  in  different  podtions,  to  Fig.  37.^  i 
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maximum  shear,  when  wheel  3  is  at  c.  -The  moment  diafl(rMn  shows,  Tsr- 
tically  over  g,  the  live  load  moment  about  the  right  support  «  17,516,000 
ft.-lbs.;  and  the  moment  at  e  =>  233,000  ft.-tbs. 

108.  Let  M  =  the  (left-handed)  live  load  moment  at  the  right  abutment, 
due  to  all  the  loads  on  the  span. 
L  =  the  span. 

m  =  the  (left-handed)  live  load  moment  at  the  panel  point  on 
the  right  of  the  panel  in  question. 
I  s  the  length  of  the  panel. 
V  »  the  shear  in  the  panel. 

_M m     _    17,516,000        230.000 

L  / 


Then  V  -  ^  - 


=  107,600  lbs.* 


Loads  in  ihouaandt  of  pounds 

Wtg,  87  (repeated). 

109*  The  maximum  live  load  shears  in  the  other  panels,  similarly  com- 
puted, are  as  follows,  the  load  being,  in  each  ease,  so  placed  as  to  give 
said  maximum  shear: 


Panel.  No. 

Mom.  M 

Mom.  m 

Shear. 

Stress. 

and  Posi- 

at Rt.  End 

at  Rt.  End 

Pounds. 

Member 

Pounds. 

tion  of 

of  Truss. 

of  Panel. 

V 

Wheel. 

Ft.-tbs. 

Ft.-tbs. 

""-^L-T 

^'^COB0i 

«b  4  at  b 

27,176.000 

480.000 

162,000 

aB 

-217,200 

6c  3  at  c 

17.516.000 

230.000 

107.600 

Be 

+  144.200 

cd3at  d 

10,816.000 

.230.000 

63,000 

Cc 
Cd 

-63.000 
+84.500 

de2at  e 

4,936.000 

80.000 

29.700 

Dd 
Be 

-29,700 
+39.800 

«/  2  at  / 

1,743.000 

80.000 

8.400 

E/ 

+  11,250 

♦  Because 


the  reaction  of  the  left  support,  a,  and  -y-  «=  so  mueh 


of  the  panel  load  as  goes  to  the  left  end  of  the  panel.  ^^  , 

t*  —  angle  between  diagonal  and  vertical.       gitized by V3OOQ Ic 
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no.  The  live  load  stress  la  the  lilp  tnspendery  Bb.  is  due  entirely 
to  loads  upon  the  two  lower-obord  paneis,  a b  and  be.  Thusr  with  wheel 
4  at  6,  panel  length  «  a b  =  6c  -•  25  ft.,  we  have: 


Onob 

Stress 
Di8t.d.    onBb-> 
Wheel.  Load,  W.  from  a.  tod  -i-  26. 

Onbc 

Stress 
DiBt,d,    onBb» 
Wheel.  Load,  W.  from  c  trd  h-  25. 

1  10.000          7            2.800 

2  20,000         15          12,000 
8          20,000        20          10.000 

5  20.000        20          16,000 

6  13.000         11            5,720 

7  13.000          6            3,120 

TotaU  50,000                     80.800 

Total;  46,000                      24.840 

Total  load  on  o  b  =>    60.000 

"      "be-    46,000 

Wheel  4                 »    20,000 

Stress  in  B  b  from  ab          -•  30,800 

•      "be         -24,840 

••      "    "      "    wheel  4 -20,000 

Total  load  on  ac  -  116,000  "      "    "  Total,  75.640 

111*  For  any  given  set  of  loads  on  ae;  the  ffiaoptmtMti  stress  in  B  b  oo- 

eurs  when  the  load  on  a c  is  eqwMy  divided  between  ab  and  b  e;  and  this 

ordinarily  occurs  while  some  wheel  (to  be  found  by  trial)  is  passing  b. 

*"*  '  '  '    Bt  to  the  right  of  b.  we  have,  on  ab,  wheels  1,  2  and 

be,  wheeU  4.  5.  6  and  7.  -  66.000  lbs.;  but,  with 


Thus,  with  wheel  4  just  to  the rioht  of  b.  we  have,  on  ab,  wheels  1,  2  and 
3,  -  50.000;  ami  on  be,  wheeU  4.  5,  6  and  7.  -  66.000  lbs.;  but,  with 
wheel  4  just  to  the  Uft  of  b,  we  have,  on  a  b,  wheels  1,  2.  3  and  4,  — 
70,000;  and,  on  be  (neglecting  wheel  8.  which  now  enters  be)^  wheels  5,  6 


and  7.  =■  46,000  lbs.    Henee,  while  wheel  4  is  passing  hi  there  is  an  in- 
stant when  the  loads  on  a  b  and  on  b  e  are  eausl,  i     '   " 

stress  in  B  b  reaches  its  maximum  (75,640  lbs.,  i 


,  and  at  that  instant  the 
,  eee  ^  110)  for  the  given 
set  of  loads. 

118.  Live  liOmd  Chord  Stresses.  The  criterion;  for  position  of  load 
for  tw^-gimiim  bending  moment  in  any  section,  and  henee  for  maximum 

stress  in  the  chord  members  at  that  section,  is —  -;-,  or  Z   —    L.-^sr ; 

w         •  w 

where  W  —  total  load  on  the  tnisst  v  —  load  to  the  Mt  of  the  section,  L  — 
span  of  bridge,  and  I  —  length  of  segment  to  the  left  of  the  eeotion. 

113.  To  find  the  position  of  load  for  maximiim  moment  in  any  panel,  by 
means  of  the  moment  diagram,'  Fig.  37;  plaoe  a  wheel,  say  wheel  2.  at  the 
panel  point  at  the  ri^t  of  thegiven  panel.  From  the  intersection  on  the  load 
fine  (nstiallyeoinetduig  with  tnex-axis)  verticatlly  over  the  left  support,  lay  a 
ruler  or  stretch  a  thread  to  the  intersection  of  the  load  line  with  a  vertical 
from  the  right  support.  If  the  line  so  constructed  recroeses  the  load  line  at 
a  point  vertically  over  the  section  hi  questioa,  the  position  is  a  correct  oae; 
if  not^  it  is  incorrect.  To  facilitate  this  work,  it  is  well  to  use  a  truss  diagram. 
Fig.  38,  drawn  on  a  dieet  of  tracing  paper,  with  the  vertioals  caiefuU^  ex- 
tended from  the  panel  pointsas  far  up  as  the  load  or  moment  lines  are  hkely 
to  extend. 

114.  It  will  often  be  foimd  that  more  than  one  position  satisfies  the  cri- 
terion, and  that  some  one  of  these  may  give  |;reater  moments  Huld  the  others. 
Hence  it  is  well  to  look  for  all  possible  posttioas.  When  these  are  found,  de- 
termine the  moments,  thus:  On  the  moment  eurve  find  the  two  points 
corresponding  (vertically)  with  the  left  and  the  risht  support  respectively, 
and  join  these  points  by  a  straight  line.  When  the  head  of  train  has  not 
reached  the  left  support,  the  point  corresponding  with  the  left  support  is  in 
the»«xis,  produced. 

115.  The  required  moment  is  measured  by  the  vertical  ordinate  distance 
al<mg  the  section,  between  the  moment  curve  and  the  straight  line  just  con- 
stmeted.  The  stress  in  the  chord  members  affected  is  equal  to  the  moment 
divided  by  the  depth  or  the  truss.  Using  these  methods,  the  following  re- 
sults are  obtained : 


Section. 

Wheel. 

Moment,  ft.-tbe. ' 

Stress,  lbs. 

Memben. 

Bb 

4 

4.049,333 

144.600 

ab'-bc    ^ 

Cc 

7 

6.211,667 

221.800 

cd BO 

Ce 

8 

6,207.667 

Not  max. 

Dd 

11 

7.044.000 

Not  max. 

Dd 

12 

7,056.500 

252,000.            -tGD  -  -T-DB 

ngitizedbyCjOOgle 
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116.  A  complete  brid^  is  subjected  not  only  to  vertieaX  loado.  due  to  dead 
load,  to  live  load,  and  to  impact  caused  by  inequalities  in  track  and  in  rolling 
stock,  but  also  to  horizontal  loads.  These  horisontal  loads  are  due  to  the 
transverse  action  of  wind,  or  of  centrifugal  forces  produced  by  the  train  in 
passing  around  a  curve  on  the  bridp^,  and  to  the  longitudinal  traction  or 
"drag"  caused  by  stopping  or  starting  a  train,  on  tne  oridge.  Henee  it  is 
necessary  to  supply  horisontal  bracing,  which,  with  the  two  upiTer  chords 
or  the  two  lower  chords  of  the  two  vertical  trusses,  form  horisontal  trusses 
known  as  the  upper  and  lower  lateral  systems.  Figs.  39  (a)  and  39  (6).  and 
sway  and  postal  bracing,  ^K  21  and  22. 

117«  The  wind  is  oonsideiiKl  ai  blowing  at  right  angles  to  tlie  bridge. 

118«  The  wind  produces  several  effects,  and  these  must  be  aacertained 
separately,  and  their  joint  effect  then  determined.   Among  these  effects  are: 

(1)  Direct  stresses  in  both  the  upper  and  lower  lateral  systems,  by  pressing 
-lirectly  upon  the  chords;  acting  horizontally  as  a  uniformly  distributed  load. 

(2)  Additional  direct  stresses  on  the  lateral  system  of  the  loaded  chord 
when  a  train  is  on  the  bridge,  owing  to  pressure  of  wind  against  the  train. 

(3)  An  overturning  moment  upon  the  bridge  as  a  whole,  thus  increaMng 
the  dead  and  live  load  stresses  in  the  leeward  and  diminishing  thoM  in  the 
windward  vertical  truss. 

C4)  A  similar  overturning  effect  upon  the  train  and  its  wheels^  which  simi- 
lany  modifies  their  pressures  upon  the  floor  beams  and  thus  the  stresses  in 
the  main  trusses. 


.»>      IXfXlXlXt 


W*, 


lid.  The  wind  load,  acting  directly  upon  the  bridge,  is  assumed  to  km 
equally  divided  between  the  upper  and  lower  chords,  and  between  the  wind- 
ward and  leeward  trusses. 

120.  (1)  The  direct  wind  stresses  in  the  lateral  bracing,  due  to  the  pres- 
sure of  the  wind  on  the  truss,  are  found  as  are  the  sti^esses  in  the  main  trusses, 
due  to  dead  load;  the  horizontal  transverse  struts  of  the  lateral  bracing 
ooorresponding  to  the  verticals  of  the  main  trusses. 

121.  (2)  Direct  stresses  in  lateral  system  of  loaded  chords.  Fig.  39  (6), 
due  to  wind  on  train. 

Examining  any  panel,  as  o  d,  let 

to  »  wind  pressure,  in  lbs.  per  lineal  foot  of  train ;       ' 
p  -•  panel  length,  in  feet; 
w  p  —  wind  pressure,  in  lbs.,  per  panel  fully  occupied  by  train ; 
n   —  number  of  panels  in  span  (  »  6  in  this  case) ; 
2  .-"  n  p  -"  span,  in  feet; 
m  —  number  of  panels  from  left  support,  a,  to  and  indtfdiBg  the  psn^, 
c  d,  under  consideration; 
m  p  "  distance,  a  d,  in  feet; 

X  •"  length,  in  feet,  of  that  portion  of  the  panel,  c  d^  which  is  occu- 
pied by  train ; 
t  «-   in  —  m)  p  -^  X  ^  that  portion  of  the  span  which  is  occupied 
by  train,  in  feet; 
->  wind  pressure  on  train  for  a  pressure  of  1  lb.  perlinaal  foot; 
R   —  truss  wind  reaction,*  at  a,  —  ti>  P  -•-  2  / ; 
r  —  panel  wind  reaction,*  at  c,  —  to  x*  -»-  2  p  : 
fl   —  wind  shear  *  in  panel,  cd,  —  R  —  r  —  ioP-i-  21  —  u>af*-i-2p. 


♦  See  foot-note  (t),  S  2. 
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The  bofftontal  iruM  reactiotit*  at  a,  due  to  a  oonoeiitrated  horbontal 
l^rwsure*  -•  1,  aotins  at  aay  diftanoe,  y  (not  shown),  from  d,  is  — 
(n  — m)  p  ■ 


np 


*• -*,  and  the  horisontal  panel  reaction,  at  c»  due  to  the  same 

preesure,  is  ->  ^.    The  maximum  wind  shear,*  in  the  panel,  e  d^  due  to  wind 

on  train,  occurs  (see  ^K  70  to  81)  when  the  head  of  the  train  reaches  that 
point,  o,  at  which,  if  the  concentrated  load  be  placed,  these  two  reactions 

win  be  equal,  or  *  -  <^  — "»>Pi-y     with  head  of  train  at  o,  we  havts 
P  »P 

(n  —  m)  p 

Under  any  eonditiotis,  the  whid  sheat,*  8,  in  the  panel.  Is  •»  R  — *  f  ,  where 
^  _  tp[(it--m)p  + jy. 


and  r  •*  77- . 
2P 


2  n  p  •  2  p* 

Substituting  Here  the  value  of  x,  |ust  found,  for  maximum  shear,  we  ob« 
tain,  as  ohe  maximum  value  of  the  wmd  shear  *  in  the  panel, 

132.  (3)  Stresses  in  main  truss  members,  due  to  overtunung  moment  of 
wind  on  truss. 

Overturning  moment  -■  (wind  pMiel  load  at  top  chord)  X  (number  of 
panel  points  in  span)  X  height  of  truss. 

,-..,...  ,1     overturning  BMMa* 

Vertical  reaetioa  at  one  aupport  -  ^  ^dt>>  between  tr»«».- 

Since  the  upper  lateral  system  carries  all  wind  loads  to  the  ends  of  the 
bridge,  the  end  posts  and  the  chords  (which  take  the  horisontal  components 
of  the  end  post  thrusts)  are  the  only  main  truss  members  afifeoted. 


123*  (^Stress  in  main  truss  members,  due  to  overturning  moment  of  wind 
<m  train.  Fig.  40.  Let  h  *  height  from  eenter  of  gravity  of  lateral  system 
K.i  loaded  chord  to  center  of  pressure  of  wind  on  train,  p  -*  wind  pressure  per 
linraJ  foot  of  train,  w  ^  width  between  centers  of  gvavily  of  tnisscM,  m  — 
overturning  moment,  per  lineal  foot  of  train,  v  -"  added  vertical  load  on 

leeward  truss,  per  lineal  foot  ef  tnas.    Then  m  ^  A  p,  and  v  —  — . 


Impact,  Et6« 
124.  The  effects  of  impact,  due  to  inequalities  of  the  track;  those  of 
"drag,"  due  to  the  starting  and  stopping  of  trains;  and  those  of  centrifugal 
force  of  the  train  on  curves,  are  not  susceptible  of  rigorous  calculation, 
and  engineers  differ  in  their  requirements  respecting  provision  lor  them. 
See  Digests  of  Specifications. 


•  See  foot-note  (f),  If  2,,. 
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Determination  of  Maximum  and  lUinimum  Stretses. 

125.  Where  specifications  make  allowable  irnit  stresses  depend  upon  the 
relation  between  the  maximum  and  minimum  stresses  in  any  given  member, 
both  must  be  computed. 

In  computing  the  maximum  and  the  minimum  stress 'in  any  member, 
bear  in  mmd  that  a  condition  which,  of  itself,  would  have  a  certain  effect 
upon  the  stress,  may  bring  with  it  other  conditions  which  produce  a  greater 
effect  of  the  opposite  kind.  Thus,  although  the  action  of  wind  on  train 
would,  of  itself,  reduce  the  stresses  in  certain  members,  this  action  can  take 
place  only  with  train  on  bridge,  and  the  vertical  action  of  the  train  load 
would  ordinarily  increase  those  stresses  more  than  the  wind  action  would 
diminish  them. 

In  computing  minimum  stresses,  although  the  live  load  is  usually  to  be 
neglected,  we  must  of  course  not  neglect  the  dead  load,  which  is  always 
present. 

Curves    on    Bridges. 

IZQ*  When  the  track  on  a  bridge  is  curved,  it  is  usually  so  laid  that 
the  center  line  of  the  bridge  bisects  the  middle  ordinate,  m,  of  the  curve. 
See  Fig,  40  (o).  The  center  of  gravity  of  a  panel  load,  P,  at  the  center  of  the 
span  (supposing  it  to  stand  over  the  center  of  the  track)  is  thus  thrown  out  a 
distance  *»  j^  m  from  the  center  line  of  the  bridge,  or  a  distance  —  i  b  + 
i  m  from  the  inner  truss,  where  6  —  width  of  bridge  between  centers  of 
trusses.  Taking  moments  about  the  center  of  the  mner  truss,  we  have, 
therefore,  for  the  load,  W,  on  the  outer  truss,  due  to  P, 
•  •  ,  6  +  m 


o 


2b 


It  is  custoQUury  (see  Digests  of  Specifications)  to  proportion  the  outer 
truss  on  the  safe  assumption  that  its  share  of  the  live  load,  at  each  panel 
point,  is  determined  by  the  formula  just  given,  and  to  design  the  inner  truss 
like  the  outer  one. 


(b)    ! 

SeeH&n 


liffs.  40  (a)  and  (b). 


FIgr.  81  (repeal;ed). 


Counterbraeing. 

127.  In  a  truss  of  any  ordinary  form  (like  that  in  Fig.  31),  under  the  action 
of  a  uniformly  distributed  deacf  or  live  load,  or  of  a  live  load  distributed 
symmetrically  as  regards  the  center  of  the  span,  the  shears  in  each  panel  on 
the  left  of  the  center  of  the  span  are  positive,  while  those  in  the  panels  on  the 
right  are  negative;  and  the  stresses  througnout  the  truss  are  such  that  the 
ties  sustain  tension,  and  the  struts,  compression;  the  tendency,  In  each 
panel,  being  to  elongate  that  diagonal  occupied  by  a  tie,  and  to  ahorttn  that 
diagonal  occupied  by  a  atrut. 

But  the  tendency  of  an  eccentric  load,  such  as  those  shown  in  Fig.  31, 
is  to  reverse  the  shears  in  the  panels  between  it  and  the  center;  and,  if  this 


ffort,  relatively  to  the  other  forces,  is  of  stcffioient  znagnitode  ta^\ 


the 
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final  shear  in  any  paneU  th«  teadancy  will  be  to  ahorttn  the  du^^onaloocupied 
by  a  tie,  see  Fig.  1  (a),  and  to  tenoUien  any  diagonal  occupied  by  a  9tnU. 

As  explained  in  1  If  14  and  15,  this  condition  is  met,  in  the  Warren 
or  triangular  truss,  by  making  each  web  member  capable  of  resisting  both 
tension  and  compression ;  and,  in  trusses  with  both  vertical  and  diagonal 
web  members,  by  inserting  counters. 

In  a  drawbridge  or  swing  bridge,  not  only  the  web  stresses,  but  also 
the  chord  stresses,  are  reversed  when  the  draw  is  oi>ened  or  closed. 

To  provide  against  possible  further  increase  in  live  loads,  over  those 
now  in  use,  specafications  sometimes  require  that,  wherever  the  live  and  dead 
load  stresses  are  of  opposite  character,  only  70  per  cent,  of  the  dead  load 
stress  shall  be  considered  as  e£Fective  in  counteracting  the  live  load  stress. 
For  other  methods  of  malting  similar  provision,  see  I>^:est  of  Specifications 
for  Steel  Railroad  Bridges. 

Roof  Trusses. 

128.  In  roof  trusses,  the  dead  load,  t.  «.,  the  weight  of  the  truss  itself 
and  that  of  the  purlins,  roof  covering,  etc.,  and  the  snow  load,  are  usually 
taken  as  uniformlv  distributed.  In  many  cases  the  sum  of  the  dead  and 
snow  loads  is  divided  equally  between  the  two  supports.  In  other  words» 
the  end  reactions  are  equal. 

129.  The  weiKhtfl  of  steel  trusses*  in  i>ounds  per  square  foot  of 
building  space  covered,  may  be  taken,  for  preliminary  estimate,  at  (0.05  to 
0.08)  X  span  in  feet,  according  to  design  and  loading.  Those  of  wooden 
trusses,  with  wooden,  iron  or  steel  tension  members,  may  be  taken  at  from 
one-tenth  to  one-fifth  less. 

If  it  is  found  that  the  weight  of  a  truss,  as  designed,  considerably  exceeds 
the  weight  assumed  for  it  in  advance,  it  should  be  redesigned,  assuming  a  new 
weight  slightly  greater  than  that  obtained  from  the  design. 

IdO.  The  weights  of  purlins,  of  steel  or  wood,  may  be  taken  at  from 
2  to  3  lbs.  per  square  foo^  of  building  si>ace  covered. 

131.  The  weight  of  roof  eoYeriog  may  be  taken  approximately  as 
follows: 

Corrugated  iron, 2  to  3  lbs.  per  sq.  ft.  of  roof  surface. 

Slate 7to9  "  ^*  " 

Shingles,  on  laths 2to3   "  "  "  " 

If  on  boaMs,  add 8  "  "  "  " 

If  plastered  below  the  rafters,  add,        6  "  "  *'  " 

132.  The  snow  load,  in  States  north  of  lat.  35^  may  be  taken  as  vary- . 
ing  (chiefly  with  latitude)  from  10  to  30  lbs.  per  sq.  ft.  of  horisontal  projec- 
tion of  roof  surface. 

.  133.  The  purlins,  stringers,  etc.,  should  be  so  arranged  as  to  carry 
the  weight  of  roof  covering  and  of  snow  direetly  to  the  panel  points,  and  thus 
srvoid  transverse  stresses  in  the  rafters. 

134.  Each  truss  bears,  besides  its  own  weight,  half  the  weight  of  roof  and  , 
snow  between  the  two  trusses  (or  truss  and  wall),  adjacent  to  it,  and  each 
panel  point  bears  half  the  load  between  two  panel  points  (or  panel  point  and 
end  support)  adjacent  to  it. 


Fiff.  41. 

Thus,  ilg.  41,  truss  TT  carries  a  weight  —  that  on  the  surface  between 
the  two  dotted  lines,  DD  and  EE ;  and  panel  point  p  carries  a  weight  •-  that 
on  the  rectans^  mn. 

135.  The  wind  is  regarded  as  blowing  horizontally  upon  one  side  of  the 
roof  and  as  exerting  a  uniformly  distributed  normal  pressure  upon  that  side. 
In  the  following  table  of  assumed  normal  pressures  against  sloping  sur- 
faces, under  horizontal  wind  pressures  of  40  lbs.  per  sq.  ft^  the  values  in  the 
last  column  are  based  upon  Mutton's  experiments.  Here  a  is  the  angle 
between  the  sloping  roof  surface  and  a  horizontal  plane. 
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Assnmed  noi*iiiaI  wind  pressure,  P,  in  tbs.  per  sq.  ft.  Horizontal 
wind  pressure  =  40  tbs.  per  sq.  ft.  a  =  angle  between  roof  surface  and 
horizontal  plaice. 

P 


a.  sin  a.  40.sina.  Hutton. 

5"  0.087  3.5  5.1 

10<»  0.174  7.0  9.6 

15<»  0.259  10.4  14.2 

20°  0.342  13.7  18.4 

25*»  0.423  16.9  22.0 

30<»  0,500  20.0  26.6 


a.  sin  a.     40.sina.  Hutton. 

35°  0.574  22.9  30.1 

40°  0.643  25.7  33.3 

45°  0.707  28.3  36.0 

50?  O.tae  30.6  38.1 

55°  0.819  32.8  39.4 

60°  0.866  34.6  40.0 


136.  The  directions  and  amounts  of  the  end  reactions  and  of  the  stresses 
in  the  members,  due  to  wind,  depend  upon  whether  one  or  both  supports 
are  fixed.  If  both  ends  are  fixed,  their  reactions  are  parallel  to  the  normal 
wind  pressure — i.  e.,  they  are  at  right  angles  to  that  side  of  the  roof  upon 
which  the  wind  is  blowing ;  but,  if  one  end  is  free  to  slide  longitudinally  of  the 
truss,  its  reaction  is  taken  as  vertical  and  that  of  the  other  is  more  nearly 
horizontal  than  the  normal  wind  pressure.  When  one  end  is  free,  the  stresses 
must  be  determined  for  wind  blowing  on  the  fixed  side  (in  which  case  it  tends 
to  flatten  the  roof)  and  also  for  wind  blowing  on  the  free  side,  in  which  case 
its  horizontal  component  tends  to  shorten  the  tie-rod  and  to  raise  the  apex. 
The  stresses  in  the  members  of  roof  trusses  are  conveniently  found  by  means 
of  the  method  by  pocti<  n  ,  "^^  67,  etc.,  or  graphically,  as  below. 

137«  Fig.  42  (a\  illustrates  tho  graphic  treatment  of  wind  stresses  for  Fig. 
42  (d),  under  the  tnree  conditions  named,  viz. : — case  1,  with  both  ends  fixed ; 
case  2,  wind  blowing  against  the  fixed  side;  And  case  8,  wind  blowing 
against  the  free  side.^ 

In  Fig.  42  (a),  the  segments  ah,  he,  cd  and  de  represent  the  normal  wind 
pressures  at  the  panel  points  AB,  BC,  CD  and  DE  respectively,  and  ae 
therefore  represents  the  total  normal  wmd  pressure  on  the  roof,  all  being 
exerted  against  the  left  side.* 

Ids.  In  case  1  (both  ends  fixed)  the  segments  fa  and  ef  of  the  solid  line  ea 
represent  the  left  and  right  reactions  respectively. 

139.  In  case  2  (wind  blowing  against  fixed  side)  the  reactions  are  repre- 
sented by  the  dash  line  e/'a;  and  m  case  3  (wind  blowing  agaiiwt  free  side) 
by  the  dash-and-dot  line  ef"a. 

140.  The  segments  f'f  and  ff*  represent  the  horisontal  components  of  the 
right  and  left  wind  reactions  respectively  in  case  1 ;  and  /'/^  tlMit  of  the  wind 
reaction  of  the  fixed  end  in  case  2  or  case  3,  or  that  of  the  total  wind  reaction. 

141.  Having  found,  by  moments,  the  end  reactions  e/  nod  fa  for  ease  1; 
where,  Fig.  42  (6), 

,  A « 

ef  —  ae  5 ; 

Span 

the  vertical  reactions,  ef  and  a/",  for  cases  2  and  3  respectively,  are  found  by 
dropping  perpendiculars  from  e  and  from  a,  Fig.  42  (a),  upon  gf  produced. 
The  reactions  of  the  fixed  ends  are  then  given  by  the  closing  line,  fa,  in  case 
2,  and  by  ef  in  case  3. 

*  To  avoid  the  necessity  of  showing  two  skeleton  figures  and  two  diagrams, 
we  have  supposed  the  wind  to  blow  always  in  one  direction  (viz.,  against  the 
left  side)  and  first  one  end  of  the  truss  and  then  the  other  end  to  be  fixed. 
In  practice,  of  course,  the  reverse  of  this  is  the  case;  i.  e.,  one  end  or  the 
other  of  the  truss  (if  not  both)  is  fixed,  and  remains  so:  and  the  wind  may 
blow  against  either  side.  The  figure  and  diagram  will,  however,  answer  for 
this  latter  condition  also.  Thus,  if  the  wind  blow  against  the  left  stdm^  as 
shown,  and  if,  as  in  case  2,  that  side  is  fixed,  then  the  diagram,  using  the 
broken  lines,  e  f  a,  gives  the  stresses  in  the  members,  as  they  are  lettered. 
But  now  (the  left  end  remaining  fixed)  suppose  the  wind  to  blow  against  the 
free  side;  i.e.,  from  the  right.  We  may  nevertheless  suppose  the  right  end 
fixed,  and  the  wind  blowing  against  the  left  side,  as  in  Fig.  (6),  and  find  the 
stresses  in  the  members  from  Fig.  (a)  as  it  stands,  us^ng  the  dash-and-dot 
diagram,  e  f  a;  but  we  must  then  remember  that  the  stresses  thus  found  for 
BQ,  GF,  etc.,  on  the  left  of  the  trtiss.  Fig.  (6).  really  apply  to  the  correspond- 
ing members,  Q£,  QF,  etc.,  on  the  right,  and  vice  versa 
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14^.  The  BtreMM  !ii  tbe  ireb  membeni,  OH,  MN»  ete.,  Fie.  (^)*  And  tUoae 
in  the  eeveral  memben,  BG,  BM,  ete.,  of  the  rmfters,  are  ffiTea  by  the  corrto 
epondinf  Unee,  ifh,  mn,  bg^  •m,  etc.,  in  the  diagram,  Fig.  (a). 

143.  In  the  leeward  rafter,  in  this  case,  the  stress  in  the  three  segments 
ME,  PE,  QE,  is  uniform  throughout,  and  moreover  it  is  the  same  in  each  dt 
the  thMe  eases,  being  <m  me  m  pg  '^  qe. 

In  the  four  web  memiben,  LM,  MN;  NP,  PQ,  to  the  leeward  of  the  centeiv 
the  etrees,  in  this  ease,  is  sero^  being  represented  by  (he  point,  Imnpq,  Fig. 
(a). 

144.  The  stresses  in  the  several  segments,  OF,  JF.  LF,  NF,  and  QF,  of  the 
horisontal  tie  rod.  Fig.  (b),  are  represented,  in  Fig.  (a), 

in  ease  1  (both  ends  fixed)  by  af,  if,  If,  nf  and  qf; 
in  ease  2  (wind  against  fixed  side)  by  gf\  if,  etc.; 
in  case  3  (wind  affainst  free  side)  by  nf*,  jf,  etc. 
In  each  of  the  three  case*  there  is  tmiform  tension  in  the  three  leeward 
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MgmeotS)   LF,  NF  and  QF,  of  the  horisontal  tie  rod.    This  uniform 
tension  is 

in  case  1  (both  ends  fixed)  —  Z/  —  m/    —  nf; 

in  ease  2  (wind  a«^nst  fixed  side)  "  If*  ^  mf  —  nf; 

in  case  3  (wind  against  free  side)  —  i/*  —  mf  —  nf, 
14((.  It  is  thus  seen  that,  in  our  Fig.,  with  horisontal  tie  rod,  libe  dif  er- 
ence  va  the  manner  of  supporting  the  ends  affects  only  the  horisontal  stresses 
in  the  members  of  that  rod,  and,  through  them,  the  manner  in  which  the 
horisontal  component  f*f*  of  the  wind  stress  is  distributed  between  the  two 
supp<»i;s. 

146.  If  the  lower  chord  were  not  straight,  however,  the  stresses  in  the 
rafter  and  web  members  would  be  affected  by  the  differenee  between  the 
three  cases. 

147.  The  final  or  resultant  stress,  in  any  member,  is  the  algebraic  sum  of 
Hm  dou),  snow  and  wind  loads  for  that  member.  In  some  cases,  the  wind 
)mm1  may  diminish  or  even  reverse  the  stresses  due  to  dead  and  snow  loads* 
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148«  In  timber  roof  trusses  of  short  flpaii«  Figs.  43  td  47,  for  roofs  of  dwell- 
ings and  other  small  buildings,  -we  may,  with  sufficient  aocucacy,  make  a 
liberal  assumption  for  load,  to  include  wind  pressure.  In  discussing  these 
figures,  we  investigate  the  stresses  by  means  of  the  force  parallelog;ram. 
For  dimensions  of  such  trusses,  see  f  266. 

149.  In  the  wooden  roof  truss,  Fig.  43,  uniformly  loaded  along  each 
rafter,  let  H I  —  the  weight  of  one  rafter  and  its  load.  Then  £  I  —  the  hori- 
aontal  pressure  of  the  )iead  and  of  the  foot  of  that  rafter  (the  latter  being  the 
tension  in  the  chord),  and  H  E  »  the  inclined  pressure  at  its  foot. 


Fig.  43 


150.  In  Fig.  44,  make  G  R  —  HI.  Then  G  L  is  the  transverse  pressure 
of  the  load  against  the  rafter  as  a  beam,  and  L  R  is  a  longitudinal  pressure 
along  the  ntf ter,  forming  a  part  of  the  total  longitudinal  pressure. 

151.  If  G  R  were  concentrated  at  G,  L  R  would  be  imiform  from  G  to  a, 
and  would  not  be  exerted  above  G;  but,  as  G  R  represents  a  load  uniformly 
distributed  alon^  the  rafter,  from  top  to  foot,  the  pressure  represented  by 
L  R  increases  uniformly,  from  nothing,  at  the  top,  o,  to  L  R,  at  the  foot,  a. 

152*  Of  the  transverse  pressure,  G  L,  one  half,  -•  o  p,  is  sustained  at  the 
top,  o,  of  the  rafter,  and  tne  other  half,  «  a  9,  at  the  foot,  a.  At  the  top, 
o  p  is  resolved  into  the  horizontal  pressure,  o  6  —  E  I,  against  the  head  of 
the  other  rafter,  and  a  uniform  thrust,  0  z,  along  0  a. 


-    / 

r« 1 

a 

n 

8 
ff.  44.                t 

2^ 

153.  It  is  immaterial  whether  we  thus  resolve  o  p  directly  into  o  h  and  o  x 
(as  though  the  head  of  the  rafter  rested  against  a  vertical  toaZZ  at  o),  or  whether 
we  first  resolve  it  between  the  two  rafters,  into  o  c  and  o  r.  For  in  the  latter 
case  we  must  add  to  o  c  a  thrust  (^  or  "  cz)  produced  in  o  a  by  the  trans- 
verse pressure  (similar  to  o  p)  of  the  head  of  the  other  rafter;  and  the  sum  of 
these  two  (o  c  and  o  r)  is  =  o  z. 

154.  The  total  longitudinal  thrust  in  the  rafter  incre^uses  uniformly  from 
0  z,  at  the  top,  to  o  2  +  L  R  —  a  A;,  at  the  foot,  where  it  combines  with  a  q 
(  —  half  the  transverse  load)  to  form  av  »-  HE. 

155.  Tension  in  chord  —  IE  —  <v  —  tifc  —  n  q.  Vertical  pressure  oa 
•support  —  HI  —  a<  —  a«4an  —  o«+»<. 
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156.  In  Fig.  45,  bavins  found,  as  for  Fig.  43.  the  stresses,  etc.,  due  to 
the  rafters  and  their  loads,  remember  that  the  king  rod,  o  n,  supports  its 
own  weight  plus  the  portion  y  y  of  the  chord  —  i  the  chord.  Making  o  <  — 
this  combined  weight,  we  have  o  m  —  o  d  •»  an  additional  i>ressure.  uniform 
throughout  each  rafter,  and  e  m  ~  c  d  »  an  additional  tension  on  the  chord. 


^A 

%^ 

k 

^ 

^<^ 

^M 

1^ 

\  ^K"^ 
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157*  In  Fig.  40,  assuming,  for  safety,  that  the  rafter,  /  h,  is  divided  at  its 
center,  U,  make  •  o  »  the  weight  of  2  r  and  its  load  (<  r  «  half  the  rafter) . 

158.  Then  e  t  —  an  additional  pressure  on  V  h,  e  k  "  pressure  on  U  e; 
•  t  —  0  A;  «-  additional  tension  on  half  chord,  e  h.  and  •  o  •■  2  e  «  —  load  of 
and  on  s  r,  •■  additional  tension  on  king  post  due  to  both  struts.  Then 
make  ag  '^  eo  -^  weight  of  king  rod  +  weight  of  two  struts  +  weis^t  of  and 
on  y  y,  and  proceed  as  m  Fig.  45. 


FI9.  4«. 


159.  Each  strut  will  thus  bear  half  of  the  weight  of  and  on  ^r  r,  or  a;  li.  only 
when,  as  in  Fig.  46,  the  inclination  of  the  strut  is  the  same  as  that  of  the 
rafter.  If  the  strut  is  steeper  than  the  rafter,  it  voll  bear  mm  tlian  htif; 
but  if  it  is  less  steep  than  the  rafter,  it  will  bear  less  than  half ;  the  remainder 
being  in  every  case  borne  by  the  rafter. 

100.  The  introduction  of  the  struts  converts  each  rafter,  considered  as  a 
beam,  into  two  beams  of  shorter  span  and  bearing  less  loads. 


Tig,  47. 


161.  In  the  queen  truss.  Fig.  47.  make  eg  *-  total  tensiAB  in  aueen  rod  + 
half  Y^eight  of  and  on  the  "straining  beam.^'  «  w.  Longitudinal  pressure  on 
J  ti>  —  tension  in  chord,  6  a,  —  I  E  +  o  c.  C^r-ir\n]o 
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Beflectlons. 
169.  Th6  total  deflection  o|  &  truss  *  comprises  (1)  the  elastic  or 
temporary  deflection,  due  to  the  stretchf  of  its  several  members  under  the 
loading  applied  to  the  truss,  and  (2)  the  non-elastic  or  permanent  deflec- 
tion, due  to  looseness  of  its  joints.  In  good  construction  the  latter  is 
relatively  negligible  in  moderate  spans. 

The  total  elastic  deflection,  D,  of  a  truss,  at  any  point,  c,  is  made  up  of 
partial  elastic  deflections,  d,  d,  etc.,  at  c,  each  due  to  the  stretch,  Jb.f  in 
some  member. 

Let  it  be  required  to  find  the  deflection  at  a  panel  point,  c  (usually  the  cen- 
ter of  a  span  or  the  end  of  the  arm  <»  a  swing  briage  or  other  cantilever) ; 
and,  for  any  load  or  system  of  loads,  l^t 
D   =»  the  to^  elastic  deflection  at  c; 
d  »  the  partial  elastic  deflection,  at  c,  due  to  the  ett^tch,  A;,t  in  any 

member; 
^  •=  the  unit  stress  in  that  member; 
the  total  stress  in  that  member; 
the  length  of  that  member; 

the  stretch  f  in  that  mambeE  p*  -^ ; 

that  load  which,  applied  at  c,  would  produce  the  stress,  P,  in  tkat 

member; 
P 

k      vl 
E  ■»  the  modulus  of  elasticity  of  the  material,  **  P  "**  r  *=  ^  • 


I 

k 

W 


(a)  (6)  6 


%■■'-  :p 
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103.  Equivalence  of  Work.    In  Fig.  48.  let  any  load,  W,  be  applied 
at  any  point,  <i,  of  a  truss  or  bar.    Then,  for  a  small  deflection,  t  such  as  may 


*  See  "The  Application  of  the  Principle  of  Virtual  Velocities  to  the  Deter- 
mination of  the  Deflection  and  Stresses  of  Frames,"  by  Geo.  F.  Swain, 
Jour,  of  the  Franklin  Institute,  vol.  lxxjCV,  1883;  "Trusses  with  Super- 
fluous Members,"  by  Wm.  Cain,  Van  Noetrand's  Magazine,  vol.  xxvn. 
No.  4,  October,  1882;  "The  Graphical  Solution  of  the  Distortion  of  a  Framed 
Structure,"  by  David  Molitor,  Jour.  Assti  Eng'ng  Societies,  vol.  xin. 
No.  6,  June,  1894;  and  "The  Tlieory  and  Practice  of  Modem  Framed  Struc- 
tures," by  J.  B.  Johnson,  C.  W.  Bryan  and  F.  E.  Tumeaure,  New  York, 
John  Wiley  A  Sons. 

t  For  brevity  we  here  use  the  word  "stretch"  to  signify  any  change  of 
length,  including  the  shortening  due  to  compression,  as  well  as  the  elonga- 
tion due  to  tension. 

X  For  the  sake  of  clearness,  the  stretches  and  deflections,  in  our  Figs.,  are 

p 
exaggerated  beyond  the  limit  within  which  the  ratio,  ^,  would  remain  even 

'^oroximately  constant. 
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be  permitted  in  truasae,  the  extendi  work,  W  d,^  o£  a  psitial  deflection,  d, 
due  to  the  stretch,  b.  in  any  member,  is  practioally  —  the  mternal  work* 
P  k,  of  oyereoming  the  resisting  stress,  P,  in  tliat  member,  through  the  di»- 
tanoe,  k;  or 

W  rf  -  P  Jb. 

Hence, 

J  -  ^  A:  -  tt  */     or     j  -   p . 

In  words,  the  stretch,  k,  in  any  one  member,  is,. to  the  resulting  partial 
deflection,  d,  at  c,  inversely  as  is  any  stress,  P,  in  that  member,  to  a  load,  W, 
which,  if  applied  at  c.  womd  cause  that  stress. 

Thus,  in  Pig.  48  (a),  where  Jfc  b  in  the  same  direction  as  D,t  P  -  W,  and 
D  -  Ar. 

In  Pigs,  (b)  and  (c),t  suppose  the  strut  ineomprettible.    Then  D  la  due 

p 
solely  to  the  elongation  of  the  tie,  and  D  •-  ^  *  —  u  A. 

p 

In  Fig.  (c),  ^  is  greater,  and  (for  a  given  stretch,  Jb,  in  the  tie)  D  is  there- 
fore greater,  than  in  Fig.  (6). 

164.  Deflection  Independent  of  Nature  of  Cause  of  Stretch. 
Now  it  is  evident  that  the  deflection,  d,  at  c,  depends  solely  upon  the  amount 
and  character  of  the  stretch,  k,  in  the  member,  and  is  independent  of  the 
nature  of  the  cause  of  that  stretch.  That  is  to  say,  an^  change,  k  (however 
caused),  in  the  length  of  the  member,  necessarily  contributes  its  fixed  quota, 

P 
d  ""  ^  A;,  to  the  total  deflection,  D,  at  c.     In  other  words,  since  d  and  k  are 

mere  distances,  and  since  u  is  simply  a  ratio,  the  relation  between  d  and  k  is 
a  purely  geometrical  one.  and  is  therefore  not  confined  to  deformations  pro- 
duced by  applied  loads,  but  is  applicable  also  to  those  produced  by  changes 
of  temperature,  to  intentional  lengthening  or  shortening  of  members,  or  to 
any  other  cause. 

Hence,  if  a  member  be  in  any  toay  lengthened  or  shortened,  by  a  length,  A;, 

a  corresponding  change,  d,  —  ~  .  it  —  u  A,  takes  place  in  the  defleetkn  at  e. 

For  instance,  if  we  place  any  system  of  loads  upon  a  truss,  and^  by  the 
principles  of  statics,  determine  the  resulting  total  stress,  P,  and  unit  stress 
h,  in  any  member;  we  have,  for  the  partial  deflection,  at  c,  due  to  the  stretch, 
h,  in  that  member,  under  the  given  system  of  loads. 


and,  since  k  —  -=:-. 


d  -  tt  *;  (For  u,aee\  166.) 


p 
105.  To  obtain  the  ratio»  v,  >■  ^,  tor  each  member,  we  suppose  a 

concentrated  load  applied  at  c;  and,  by  the  principles  of  statics,  find  the 
resulting  total  stresses,  P,  P,  etc.,  in  the  several  members.  If  the  supposed 
load,  at  e,  be  taken  —  unity,  the  stresses,  P,  P.  etc.,  so  found,  are  the  desired 
ratios,  u,  u,  etc. 


♦  Strictly  speaking,  with  a  load  increasing  gradually  from  0  to  W,  and 
with  resulting  stress  inereasinf^  gradually  from  0  to  P,  we  should  deal  with 
the  mean  load,  —  *  W,  and  with  the  mean  sires*,  —  i^  P,  in  each  member; 
but  it  will  be  seen  that  this  would  not  affect  the  equations  derived. 

t  Where,  as  in  Figs,  (a),  (b)  and  (c),  only  one  member  is  suppoeed  to 
change  its  length,  D  —  d. 

t  See  note  (t)  on  preceding  page. 
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166«  Sammatlon  of  Defleettons.  The  total  defleetion.  D,  at  e^ 
under  the  «iven  eystem  of  loads,  being  —  the  sum  of  the  partial  deflections, 
d.  d,  due  (but  not  necessarily  equal)  respectively  to  the  stretches,  k^  k^  in 
the  several  members,  we  have 

■  Thus,  in  Figs.  (<f)  and  (e),  we  assume  the  tie  extensible  and  the  strut  com- 
pressible. In  Fig.  to.  W  -Pi  +  P8;andWD-Pi*  +  PtJfc-  (Pi  +  PJ  A;. 

Hence  D-2ttt-^. *  +  &.*-  ^-^  .  ifc  -  ^  .  *  -  *.  In  Fig. 
(•),D  -  2t**  -  ^.*i +  &.*,- 1*1*1 +  ua A:,. 

ie7.  Peattive  and  Nesative  Stretches.  .  In  some  cases  it  may 
happen  that  the  change  of  l^gth  of  a  member  diminishes,  instead  of  m- 
creasing,  the  total  deflection  at  the  point,  c,  in  question,  and  must,  therefore 

be  taken  as  negative  in  summing  up  the  values  of  i*  fc  —  ^~»  ^"*  when  c  is 

the  middle  point  of  a  span,  or  the  end  of  a  cantilever,  all  the  changes  in  length 
of  the  members  ordinarily  contribute  to  the  deflection,  and  must  therefore 
be  taken  as  positive. 

Theoretically,  the  formula,  D  —  2  ^^«  applies  also  to  the  defiectiom 

of  arches,  dams  and  other  structures  composed  of  blocks;  but,  owicys  to 
the  uncertainty  of  the  values  of  E,  and  to  the  relative  inaccuracy  of  finish 
in  masonry  work,  it  is  of  but  little  practical  utility  in  such  cases. 

168.  Redundant  or  Statically  Indeterminate  Members.  Trusses 
frequently  contain  members  whose  stresses  cannot  be  found  by  the  princi(>les 
of  statics.  Thus,  in  Fig.  11  (c),  the  two  diagonal  tension  members  meeting 
at  the  top  of  either  end  ix>st  are  said  to  be  redundant,  or  statically  indeter- 
minate, because  the  principles  of  statics  do  not  enable  us  to  determine  what 
proportion  of  the  total  load  goes  to  the  supports  through  each  of  the  two 
systems,  Figs.  11  (a)  and  (&),  composing^  Fig.  11  («).  But  the  deflection 
formula,  just  given,  enables  us  to  determine  the  stresses  in  such  members; 
for,  by  means  of  it,  we  may  find,  separately,  the  deflection  in  each  of  the  two 
systems,  Figs.  11  (a)  and  (6) ;  and  the  part  load,  transmitted  to  the  supports 
through  each  of  these  two  systems,  is  mversely  proportional  to  their  deflec- 
tions. 

BRIDGE    DETAILS    AND    CONSTRUCTION. 

General  Principles. 

169.  In  general,  a  truss  bridge  consists  essentially  of  two  or  more  verti- 
cal trusses,  AB,  CD,  Fig.  49,  placed  side  by  side,  and  connected  by  the 
floor  system,  which,  in  turn,  they  support;   and  bracing   (forming  a 
*•  lateral  system")  is  supplied  between  opposite  chords,  where  practica-  • 
ble,  in  order  to  maintain  the  trusses  parallel. 


A 


II' 


Tig.  49. 

170.  The  floor  system  consists  ordinarily  of  floor  beams  and  string- 
ers. The  floor  beams,  AC,  £F,  etc..  Fig.  49,  are  placed  transversely  to  the 
bridge,  and  are  attached  to  the  trusses  at  opposite  panel  points.  Connected 
with  these  and  perpendicular  to  them  or  parallel  to  tne  trusses,-  are  the 
stringers,  OH,  IJ,  etc.  In  railroad  bridges,  there  are  usually  two  or  more 
stringers  placed  side  by  side  and  running  the  length  of  the  bridge,  to  support 
the  ties.  In  city  highwav  bridges,  these  stringers  are  usually  spac^  at  smaller 
intervals,  and  support  buckled  plates  or  other  form  of  flooring,  on.  which  the 
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paTiBff  it  htitd.  For  ootmtry  highway  bridM,  the  strineerB  are  frequently 
of  wood,  placed  quite  near  together,  and  the  planks  of  tne  fioor  are  nailed 
or  spiked  directly  to  them. 

Solid  floors  (see  Pencoyd  floor  seetions)  add  to  the  rigidity  and  per- 
manence of  a  bridge,  and  give  increased  protection  to  traffic  below,  agamst 
injury  from  falling  bodies  or  in  case  of  derailment.  Their  shallowness  is  an 
advantage  where  head-room  is  an  object. 

171*,  Any  load,  then.  Is  ^  carried  first  from  the  ties  or  floor,  etc.,  to 
the  stringers,  then  oy  the  stringers  to  the  floor  beams,  and  finally  by  the 
floor  beams  to  the  panel  points  of  the  bridge,  where  it  is  carried  through  the 
trusses  to  the  supports. 

172,  Pedestals,  shoes  or  bed  plates,  Fig.  62,  bolted  to  the  piers,  support 
the  ends  of  the  trusses.  When  the  bridge  is  of  long  span,  so  that  the  expan- 
sion and  contraction  due  to  heat  and  cold  are  considerable,  expansion 
bearings.  Fi^.  60,  62,  must  be  provided  at  one  end.  See  Ht  205,  etc. 
For  cross-bracing,  see  HH  19,  etc. 

General  Character  of  Deslffn. 
173«  Flexible  and  Rigid  Tension  Members.  AdJnstaMe 
Connters.  Until  recently,  eye-bars  have  generally  been  used  for  the 
tension  members  of  trasses.  These  are  long  flat  bars,  liable  to  yield  laterally 
under  compression,  and  furnished,  at  their  ends,  with  tyes  or  openings, 
through  which  pass  pins  connecting  them  with  the  other  members  of  the 
bridge;  but  rigid  built  members,  capable  of  sustaining  some  eompression,  aa 
well  as  tension,  are  now  much  used  for  tension  members.  Counters  were 
usually  made  in  two  lengths,  and  were  adjustable,  the  two  lengths  being 
connected  by  turnbuckles ;  but  these  rendered  it  possible  to  bring  undue  and 
dangerous  stresses  in  the  panels,  and  they  are  now  giving  plaoe  to  coimtert 
macfo  each  in  one  length. 

174.  Compression  members  are  ordinarily  '*bullt  up**  of  angles  and 
plates,  or  of  <Huumels  and  plates  with  latticing,  in  hollow  shapes,  bringing 
most  of  the  material  as  far  as  possible  from  the  neutral  axes  of  the  eroes- 
section  and  thus  increasing  its  resisting  moment. 

175.  Pin  and  Riveted  Connections.  The  web  members  are  con- 
nected with  the  chords  either  by  pins  or  by  rivets.  In  the  former  case*  the 
truss  is  said  to  be  pin-connected;  in  the  latter  case,  riveted.*  Until  re- 
cently, pin-connected  trusses  have  been  typical  of  American  practice;  but 
the  Americans  are  now  largely  using  riveted  trusses,  for  spans  up  to  from 
150  to  175  ft.,  white  the  Europeans  are  in  some  caaes  using  pins.  The  prin- 
cipal advantage  claimed  for  the  riveted  joint  is  that  it  makes  a  stiff er  bridge 
and  one  that  will  not  rattle,  and  that  a  riveted  truss,  computed  as  if  pin-con- 
nected, will  have  an  additional  margin  of  safety  on  account  of  added  stiff- 
ness. In  the  pin-eonnected  bridge,  on  the  other  hand,  the  stresses  can  be 
mudk  more  acouratelv  determined,  and  deflection  may  take  place  without 
producing  twisting  or  Dtoiding  stresses  in  the  connections  themsi^ves. 

176.  Tendency  to  Greater  Rigidity*  There  is  a  growing  tendency 
to  use  stiffer  bracing,  to  design  at  least  all  short  braces  for  compression^  and 
to  make  even  the  longer  tension  members  of  channels  or  angles,  formmg  a 
rigid  member.  Unless  pin-connected  eye-bars  are  of  exactly  equal  length, 
some  of  them  wiU  receive  more  than  their  share  of  the  total  stress. 

17T.  Floor-beam  Connections.  In  the  United  States,  floor-beam 
connections  were  formerly  made  by  hanging  the  floor  beams  from  the  pins 
by  means  of  hangers ;  but  now,  where  possible,  the  ends  of  the  floor  beams 
are  riveted  directly  to  the  inner  sides  of  the  posts. 

178.  In  tension  members,  rivets  are  so  arranged  as  to  reduce  the  net 
effective  section  as  little  as  poesible. 

179.  Compression  members  are  so  designed  as  to  place  moot  of  the  material 
as  far  as  possible  from  their  neutral  axes,  and  they  are  sometimes  strength- 
ened by  auxiliary  ties  or  posts  supporting  them  at  their  middle  points,  in 
cases  where  the  resulting  savins  in  material  for  the  member  will  be  consid- 
erably greater  than  the  expenditure  of  material  in  the  auxiliary  member. 

*  Riveted  trasses  are  unfortunately  called,  also,  ''lattice  girders/'  "lattice 
trusaes,"  "riveted lattice  girders"  and  "riveted  lattice  trusses."  The  term 
.*'  lattice  "  is  often  applied  to  shallow  trusses  wrth  amMioas  panels. 
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180.  So  far  as  possible,  compression  members  are  made  equally  strong 
against  bending  about  either  of  the  two  principal  axes,  AB  and  XY,  Fig.  52, 
of  their  orossHseotions. 

181.  Where  the  same  member  occurs  many  times  in  a  bridge,,  and  where, 
therefore,  an  excess  of  material  in  the  design  of  such  member  would  involve 
a  large  total  waste,  the  computation  of  the  member  is  repeated  many  times 
until  the  most  economical  section  is  found. 

182.  In  metal  trusses  the  shorter  members  are  usually  made  to  withstand 
compression,  and  the  longer  ones  tension,  this  being  more  economical  of 
material.  Thus,  the  Pratt  truss,  with  diagonal  tension  members,  is  used 
for  steel  bridges,  \/hile  the  Howe  truss  is  now  built  only  with  wooden  diago- 
nab. 

Tension  Members. 
iQo    T.  ^       1.  *  X-  maximiun  tensile  stress 

183.  In  eye-bars,  area  of  cross-section  —   -^n r% rrr = —  • 

allowable  unit  tension 

184.  The  dimensions  of  the  heads  of  eye-bars  are  usually  determined  bv 
the  manufacturers,  and  are  so  designed  as  to  give  ample  excess  of  strength 
at  the  pin-holes;  so  that,  if  tested  to  destruction,  fully  two-thirds  of  the 
number  of  bars  tested  shall  break  in  the  body  of  the  bar,  this  being  usually 
required  by  specifications.  It  is  important  that  the  proportions  of  e^e-bar 
heads  should  be  such  as  to  ensure  thorough  workizig  of  the  metal  in  the 
upsetting  process. 


/      I      \l/    \l/    \/    nI/ 


ltd    20    to    "id    to    ed    70,  so    »o  100  ike 
Figr.  00. 


mo 


185.  Fig.  50  shows,  to  two  different  scales,  the  "packing"  (arrangement 
of  pins  and  eye-bars)  in  the  left  half  of  the  lower  chord  of  a  150  ft.  through 
(skew)  span  built  by  the  Phcenix  Bridge  Co.  in  1900  for  the  Philadelphia  and 
Reading  Railway  Co.  near  Reynolds,  Pa. 

186.  Built  Sections.  Hip  vertical  hangers,  non-adjustable  eoimtere 
and  their  corresponding  mains,  are  usually  built  up  of  rolled  steel  shapes. 
A  section  in  common  use,  shown  in  Fig.  51,  consists  of  four  angles,  connected, 
at  intervals,  by  small  narrow  flat  bars,  riveted  to  the  angles  and  nmning 
across  zigzag  from  one  to  the  other.  When  single,  as  in  Fig.  51,  this  is  called 
"lacing"  J  when  double,  as  in  Fig.  52  (6),  "latticme."  The  shaded  area  of  the 
angles,  Fig.  51,  minus  that  of  the.rivet  holes,  is  taken  as  the  effective  section. 

187.  Minimum  Sections.  Specifications  (see  Di^^ests)  usually  require 
the  use  of  some  minimum  section.  Thus,  in  a  counter  in  which  the  stress  is 
58,000  lbs.,  3.5  square  inches  of  cross-section  would  sufiice ;  but  specifications 
frequently  forbid  the  use,  in  such  sections,  of  any  angle  smaller  than  3i  X  3i 
X  I,  which  gives  9.20  square  inches  gross;  or,  deducting  one  rivet  hole  from 
each  angle,  7.68  square  mches  net  section. 

Compression  Members. 

188.  The  computation  of  a  compression  member  consists  of  a  series  of 
approximations;  for  the  unit  stress  depends  upon  the  radius  of  gyration,  the 
radius  of  gyration  on  the  area  of  section  and  disposal  of  material  with 


to  the  axes,  and  this,  in  turn,  on  the  unit  stress. 
of  Materials. 


regard 
See  Pillars,  under  Strength 


189.  Fig.  52  (a)  shows  a  form  often  used  for  posts,  and  consisting  of  two 
channels,  placed  with  their  backs  outward  and  riveted  together  by  lacing. 
In  Fig.  52  (b)  the  channels  are  placed  with  their  backs  inward.  For  econ- 
omy, the  channels  should  be  so  spaced  as  to  make  the  radius  of  gsnation  the 
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Mune  about  either  axis,  A-B  or  X-Y.    The  radius  of  gsnration  is  siven  in 
the  hand-books  of  mfrs  of  structural  shapes.     See  pp.  892,  etc. 

190.  The  upper  chord  section  is  frequently  built  up  of  two  cliannels 
and  a  plate,  or  in  some  such  form  as  shown  in  Fig.  53,  consisting  of  two  verti- 
cal plates  or  "webs,"  a  horizontal  top  plate  or  "cover,"  four  angles,"  and 
flat  pieces  or  bars  on  each  side  of  the  bottom.  Lattice  bracing,  or  lacing,  is 
provided  along  the  bottom,  except  at  panel  points,  where  it  is  omitted  in 
order  that  the  post  and  the  ties  ma:^  enter  the  chord  from  below.  In  pin- 
oonnected  trusses  the  axis  of  the  pin  lies  in  the  line  AB. 

191.  The  interior  width,  to,  depends  chiefly  on  the  space  required  by  the 
post  and  ties  which  meet  at  the  panel  point,  and  also  upon  the  height  of  the 
inside  rivet  heads.  Usually,  for  convenience  of  construction,  the  greatest 
width,  to,  required  is  kept  constant  throughout  the  upper  chord.  The  height, 
H,  depends  chiefly  on  the  size  of  eye-bar  head,  and  is  kept  constant.  The 
thicknesses  of  the  web  plates,  and  sometimes  also  those  of  the  bars  and 
angles,  are  varied,  along  the  chord,  in  order  to  provide,  at  each  point,  suffi- 
cient area  to  withstand  the  stress. 


^tiln       .d^hzi 
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Figr.  51. 
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(a)  (b) 

Figr.  52. 


192.  The  end  post  is  to  be  considered  not  only  as  a  column,  but  also  as  a 
beam  subject  to  shear,  on  account  of  the  wind  blowing  against  the  top  of  the 
side  of  the  truss.  The  design  of  this  built-up  form  is  much  the  same  in  princi- 
ple as  that  given  above  for  a  post.  Certain  sections  are  tried,  and  then 
changed  if  necessary. 

193.  The  end  post  must  be  safe,  not  onlv  against  bending  about  the 
axis,  A-B,  Fig.  53,  under  compression,  but  also  against  bending  about  the 
other  axis,  X-Y,  under  the  combined  effect  of  compression  and  the  bending 
moment,  due  to  the  wind  blowing  against  the  top  of  the  truss.  See  Fig.  54  (a) . 


(a)  (b) 

Fiff.  54. 

194.  The  portal  bracing,  above,  and  the  floor  beam,  below,  are  assumed 
to  prevent  bending  of  the  parts  of  the  posts  adjacent  to  them ;  and  we  may 
consider  either  half  of  either  post  (  -"  ^  Q  as  a  vertical  cantilever,  fixed  at 
one  end,  and  loaded,  at  the  other  end  (which  is  at  the  middle  of  the  post) 
with  a  load  »  wind  pressure  on  half  the  upper  POi[ti^^  Q^^^  truas. 
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195»  The  nupdmum  stresses,  due  to  oompresHon,  of  ooursi  occur  aboul 
the  middle  of  th»  post,  while  those  due  to  the  wind  occur  near  the  ends* 
Hence  it  would  be  unreasonable  to  require  the  post  to  resist  all  of  both 
efifects  simultaneously  throughout  its  length  j  and  specifications  therefore 
usually  allow  the  unit  stress,  due  to  dead,  live,  impact  and  wind  loading  com- 
bined, to  be  increased  to  21,000  lbs.  per  sq.  in.,  properly  reduced  by  formula 
for  compression. 

196*  The  fcumula  for  the  strength  of  long  compression  members  is  as  fol- 
lows,  where 

P  —  averagepermissibleunitloadoncolumn,  inlbs.  persq.  inch; 
I  —  length  of  column; 
r  =»  radius  of  gyration  of  its  cross-section : 


P  - 


21.000 


1  + 


9000  r« 


197  •  The  formula  for  extreme  fiber  stress  due  to  combined  compression 
And  bending,  is 

^       Ec 

Where    P  —  longitudinal  compressive  force; 
A  —  area  of  section ; 

Mb  -■   bending  moment  due  to  transversis  load ; 
T  —  distance  from  neutral  axis  to  extreme  fibers; 
I   —   moment  of  inertia; 
I  —  length  of  beam ; 
E  »   modulus  of  elasticity; 
c  —  coefficient.     See  Transverse  Strength,  If  103. 


J'>tnts. 


198.  Pin  Plates. 


Where  a  pin  passes  through  one  or  more  shapes  of 

some  member,  it  often  happens  that  tne  combined  surfaces  of  the  truss  mem- 
bers alone,  in  contact  with  the  pin,  are  insufficient  to  transmit,  by  bearing,  all 
of  the  stresses  to  be  delivered  to  the  member.  There  is  then  danger  of 
crushing  the  material  which  presses  against  the  pin.  To  obviate  this,  other 
shapes,  usually  flats  and  called  pin  plates  or  reinforcing  plates,  are  riveted 
to  tne  member;  ^ving,  in  all,  sufficient  btMiring  surface  for  the  pin.  See 
Fig.  55;  where  the  letters  denote: 

AA,  angles^  W,  web.  F,  filler^ 

C,  cover,  P.  pin,  O,  outside  pin  plate, 

B,  bar,  J,  jaw,  T,  batten  plates. 


^  ^^  ^^  ^ 

C\_ 

p-Ao^'o^'o 

O     0    O    0    0 

^o^^o^^o^^^oo/" 

O    0 

0    o   o    o  o 

"o'*o"~o'^p^^ 

w 

OJPO 

OOO    O    O    0 

OOO    (  ■'*  ) 

o  o 

O     O    O     O    0 

.S^-^^-^/j" 

\^o^o^o 

o    o  o   o    o 

'00~^/                        y 

199.  In  Fig.  56,  the  two  channeb  form  the  whole  member  (except  the  lat- 
ticing, which  cannot  be  included  to  resist  compression)  and  the  pin  passes 
through  both  channels.  In  the  case  of  a  buUA-up  ehord  gectlon,  or  of  an 
"^nd  pest.  Fig.  53,  however,  the  webs  form  oni^  a  part  of  the  section; 
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while  the  cover,  the  angles  and  the  flats  «a&  receive  no  stress  directly  from 
the  pin,  but  must  receive  it  indirectly  from  the  web  and  from  the  pin  plates 
attached  to  it. 

dOO.  Where  a  pin  plate  is  placed  on  ea^  side  of  the  web,  the  outside  one 
must,  aeeordinff  to  most  specifications,  cover  the  ancles;  and  there  must,  in 
ad<fition,  be  a  '^filler*'  between  it  and  the  web. 

901  •  Engineers  differ  as  to  the  manner  in  which  the  stresses  are  actually 
transferred  throiigh  the  several  parts  of  a  pin  connection.  We  may  assume 
that  the  stresses  in  the  pin  plates  are  delivered  almost  directly  to  the  shapes 
of  the  member.  Thus,  the  outer  reinforcing  plate  probably  delivers  most  or 
all  of  its  stress  to  the  angle  3,  and  little  or  none  to  the  web. 

202,  In  each  angle,  those  rivets  which  pass  through  the  Inner  pin  plate 
w^wst  transmit,  by  means  of  thoir  bearixig  against  the  ax^gie,  the  sum  of  the 
stresses  which  ihey  take  by  shear  from  mside  and  from  outside.  In  other 
worda»  these  livetsare  in  doubleahear* 

Pins. 

a03«  The  pin  must  be  designed  to  resist  bending  stresses  from  the  mem- 
bets  trough  which  it  passes,  it  is  also  subjeet  to  dicM;  but  this  is  seldom 
a  critical  point. 

204.  The  pin  requiring  the  greatest  cross-osction  is  usually  either  the  one 
at  the  middle  of  the  span  and  in  the  lower  chord,  where  the  chord  stresses 
are  greatest,  or  the  oue  at  the  joint  between  the  end  post  and  the  top  cbord ; 
but,  as  the  pins  are  relatively  small  members,  aH  the  other  pins  are,  for  the 
geHsB  of  imiformity,  usually  made  of  the  same  sise  with  it. 


Bridge 


Fiir.  «•• 


Expansion  Bearings. 

205.  Expansion  bearings  usually  consbt  of  a  nest  of  carefully  turned 
rollers  placed  between  two  planed  surfaces,  shown  in  prioniple  in  Fig.  17. 

206.  The  roHers  are  steel  cylinders,  from  3  to  0  ins.  diam.;  and  1  to  4 
ft.  long;  planed  smooth.  From  4  to  8  or  more  of  these  are  connected  to* 
gether  c>y  a  frame,  and  one  such  frame  is  placed  under  at  least  one  end  of  the 
truss.  The  rollers  rest  upon  a  strong  planed  cast  bed-plate;  bolted  to  the 
masonry  below.  Under  the  end  of  the  truss  is  a  similar  plate  by  which  it 
rests  on  the  rollers.  Since  a  truss  of  even  200  ft.  span  will  scarcely  change  its 
length  as  much  as  S  ins.  by  extremes  of  temperat»re.  the  play  of  the  rollers  is 
but  small.  They  are  kept  in  line  by  flanges  cast  along  the  side  of  the  bed- 
plate. Flanges  should  also  project  downward  from  the  upper  bed-plate, 
so  as  completely  to  protect  the  rollers  from  dust,  sain,  etc. 

S07.  l%e  total  dl8i»la««ment,  allowed  lor  the  free  end  of  the  truss,  is 
usually  specified  (see  Digests) ;  otherwise  it  may  he  taken  as 

n  -  GLz^  »P*? 

146,000     • 

where  T  and  t  —  the  max.  and  min.  temps,  respectively,  in  degreee  F.  Ihe 
min.  temp,  to  be  expected  may  be  obtained  from  Weather  Bureau  records 
of  temps,  in  the  shadei  but  the  max.  should  be  taken  20**  or  30"  higher  than 
that ^  the  Weather  Bureau;  because,  in  bright  sunshine,  the  bridge  will 
become  much  hotter  than  the  air. 

808.  Ifteekers.  In  order  to  restrict  the  length  of  the  bearing,  where  the 
displacement  is  moderate,  rockers.  Fig.  62,  are  citen  used  instead  of  rollers. 

209.  For  other  regulations  and  suggestions  regarding  design  of  roller 
bearings,  see  Digests  of  Specifications,  and  Figs,  fijftz^^ QoOqIc 
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SIO.  lioads,  Clearance,  etc.,  for  Highway  Bridges.  See  also 
Digests  of  Specifications  for  Bridges. 

Weights  of  crowds.  At  the  Chelsea  bridge,  London,  picked  men, 
packed  upon  the  platform  of  a  weigh-bridge,  gave  a  load  of  obly  84  lbs.  per 
sq.  ft.  At  Buckingham  Palace,  men,  wedged  as  closely  as  possible  upon  a 
space  20  ft.  in  diameter,  the  last  man  lowered  from  above,  among  the  others, 
gave  120  lbs.  per  sq.  ft.  But  modern  experimenters  have  easily  obtained 
loads  of  from  140  to  150  lbs.  per  sq.  ft.  With  picked  men,  averaging  163.2 
lbs.  each,  all  facing  one  way,  carefully  packed,  and  confined  witliin  an 
enclosure  6  ft.  square  (0.9  sg.  ft.  per  man).  Prof.  L.  J.  Johnson,  at  Harvard 
University,  obtained  a  maximum  of  181.3  tt)s.  per  sq.  ft.*  See  also  pages 
756  etc. 

Where  the  enclosure  of  the  space  is  such  that  portions  of  the  persons, 
standing  against  the  enclosure,  may  project  beyond  it,  the  load,  per  unit  of 
space,  is  61  course  increased;  and,  with  small  areas,  this  increase  may. be 
relatively  important. 

Camber. 

211.  Amonnt  of  Camber:  If  we  divide  the  span  in  feet,  by  50,  the 
quot.  will  ordinarily  be  a  sufficient  camber,  in  inches.  This  amounts  to  1  ii) 
600.  The  camber  to  be  used  is,  however,  usually  stipulated  in  the  specifica- 
tions. See  Digests.  A  well-built  bridge,  of  good  design,  should  not,  under 
its  greatest  load,  deflect  more  than  about  one  inch  for  each  lOiD  feet  of  its 
span,  or  1  i  i  1200.     Indeed,  the  deflection  is  frequently  much  less  than  this. 

212.  The  excess  of  length  of  the  upper  chord  over  that  of  the  lower  one» 
given  the  span,  the  depth  of  truss  and  the  camber,  will  be  -> 

8  X  depth  X  camber  ^^       ,5 

span 
This  rule  applies  closely  with  any  camber  not  exceeding  0.02  of 
the  span. 

213.  Length  of  diagonal  c  h,  Fig.  68,  c  6  -   Jo"P~+~o~P; 
where  a  c  —  depth  of  truss,  and  ab  "  en  -\ jr — ^.  _.       _^ 

214.  Sometimes  the  elongation  or  shortening,  produced  by 

the  loading,  is  computed  for  each  member,  and  the  length  of  each  member 
affected  is  correspondingly  changed.     See  Deflections,  it  162,  etc. 

Examples.  ^ 

215.  Figs.  69  (a)  to  (u),  to  a  imiform  scale  of  1  inch  —  60  feet,  serve  to 
indicate  current  practice  respecting  the  types  selected  for  different  spans, 
the  relation  between  span,  panel  length  and  depth,  the  spacing  of  stiffeners 
in  plate  Mrders,  the  arrangement  of  chord  and  web  members,  the  use  of  rigid 
and  flexible  members,  counters  and  tumbuckles.  in  trusses,  and,  approxi- 
mately, the  dimensions  of  rigid  members  and  of  gusset  plates,  as  seen  in 
elevation. 

216.  In  each  case  the  left  half  of  the  span  is  shown,  and  the  centei  line  of 
the  span  is  indicated  bv  a  dot-and-dash  line.  Through  spans  and  deck  spans 
are  distinguished  by  the  elevation  of  the  roadway,  as  approximatel:  mdi- 
cated  at  the  left  support. 

217.  In  Figs,  h  to  q,  representing  trusses,  rigid  members  are  indicated  by 
double  lines,  flexible  members  in  verticals  and  main  diagonals  by  single 
lines,  and  counters  by  dotted  lines.  In  pin  spans,  to  avoid  confusion,  the 
rigid  members  are  shown  cut  off  near  the  pins. 

218.  Figs,  (a)  to  (o)  represent  standard  designs,  from  25  to  200  ft.  span,  by 
Mr.  Ralph  Modjeski,  C.E.,  for  the  Northern  Pacific  Railway  Co. ;  Fig.  (p) 
a  250  ft.  railroad  span  designed  by  the  Pencoyd  Works  of  the  American 
Bridge  Co. ;  Fig.  (q)  a  3G8  ft.  railroad  span  by  the  Phcenix  Bridge  Co. ;  Figs. 
(r)  to  (0  designs  for  riveted  trusses  by  the  Elmira  Works  of  the  American 
Bridge  Co. ;  and  Fig.  (u)  a  riveted  railroad  bridge,  of  102  ft.  span,  designed 
by  the  Pencoyd  Works. 

♦Journal,  Ass*n  Engng  Socs,  Jan.,  1905. 

Digitized  by  VjOOQIC 


EZAHPLE8. 


727 


919.  Fig.  (a)  represents  a  beam  girder:  Figs.  (6)  to  (a)  plate  girder*;  and 
Pigs,  (h)  to  Co)  riveted  and  pin  trusaee;  Figs,  (h)  and  w  being  riveted,  and 
Figs,  (j)  to  (g)  pin. 


(«)  4!^  ^nmifEinrdKci)  ^^  li'i'iiiii^ 

(6)^x4     ^(c)    ,yi]IIl|(e)W^|||H |i| 


Tig.  59  (a  to  q). 
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aaOu  Fur.  (r^  ropreseota  a  128  ft.  spaA  for  tb«  New  York  Central  md  Hud- 
•on  River  E.  R.,  and  Figa.  («)  and  (jt)  spans  of  143  ft.  aad  160  ft.  respectively 
for  the  Delaware,  Lackawanna  and  Western  R.  R.  Fi^^s.  (r)  and  («)  ave  modi* 
fications  of  the  Baltimore  truss,  Fijs.  15  (b),  and  Fig.U)  is  a  quadruplex Warren 
truss.    Fig.  («)  is  a  skew  pan.     Fig.  (u)  is  a  "pony'*  span. 


J>Ian  o/  -Floor  an4 
HoHom  ^rooiwflr 


921.  Betnils.  Figs.  60  to  65  show  a  few  details  of  trusses  »nd  of  plate 
girders. 

222.  Fi^.  60  and  61  show  left  end  connections  of  two  through  tnias 
bridges  (with  roller  bearings)  designed  by  the  Pencoyd  Works;  F%.  tl 
representing  the  250  ft.  through  pin  span  shown  in  Fig.  59  (p),  and  I>1c.  60 
a  124  riveted  through  span,  sw>wing  toe  portal  bracing.     QqOqIc 
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B€meof1Uril 


Flff.  68. 


Seale  for  Fig;  69,  68, 
6^, 

2Z3,  Fig.  62  shows  the 
left  end  bearing  (with 
rockers)  and  a  floor  beam 
connection  for  the  stand- 
ard 200  ft.  deck  pin  span 
of  the  Northern  Pacific 
Railway,  Fig.  69  (n):  and 
Fig.  63  xhows  a  floor  beam 
connection  of  the  160  ft. 
through  pin  span  of  the 
same  railway,  Jig.  59  (m). 
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394*  Figs.  64  and  65  repreMnt  respectively  a  50  ft.  deek  plate  citder  of 
ihe  N.  Pao.  Ry.  and  an  85  ft.  throuijrn  plate  girder  by  the  Peneoyd  Works. 
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225*  Wetshts  of  Steel  Ballroad  Bride ea.    Fig.  66,  based  upon  the 
practice  of  the  Northern  Pacific  Railway.  1902,*  shows  the  approximate 


SO  lOO  ISO 

Spans,  in  feei, 
Flgr.  66. 


fSOO 


*  See  paper  by  Ralph  Modjeski,  C.E.,  in  "Journal  of  the  Western  Society 
of  Engineers,"  Chicago,  Feb.,  1901,  vol.  vz.  No.  1.  r^  i 
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welf  bte  of  steel  railroad  ImMsm  dMigmgd  for  two  looomotivovol 
146ioimeaeh,  andaunifoimtnonlciadof  40001fes.  perfooiof  trsok.    Tte 

weiehts  include  the  two  beams,  girders  or  trusses  of  one  single-track  soan, 
witn  their  bracing,  metal  floor  system  and  end  bearings.  For  wooden  floor 
system,  add  400  lbs.  per  lineal  foot.  For  |Mn-Gonnected  spans  (130  to  200 
ft.),  the  three  dash  diagrams  show,  respectively,  the  weights  of  two  trusses 
alone,  of  two  trusses  and  bracing,  ana  of  two  trusses,  oraoing  and  metal 
floor.     The  solid  curve  includes  weights  of  end  bearings. 

For  weights  of  combination  (wood  and  iron)  railroad  bridges,  see  1  ^9. 

Highway  bridges  differ  so  widely,  as  to  service  and  design,  that  it  is 
scarcely  practicable  to  give  here  useful  data  as  to  their  weights. 

Lift  of  Larse  Bridges. 

Each  bridge  here  given  is  believed  to  be  (1902)  the  largest  cl  its  type  in 
the  world. 

Type  Spanniac  At  Span,  It.    Built 

TroK, (HdoRiver  Louisville  663       1893 

Swing,   Iftissouri  River  Omaha  620       1804 

Suspension,  ,....East  River 

("Brooklyn")        New  York  1695       1388 

Suspension,. «.•••  East  River 

*^-«*^  ^ujj^^Rv  New  York  1600  ♦ 

ArahCmetaD Niagara  River  Niagara  Falls  840       1898 

Avoh  (stone),.  ••«-.f»tntff¥atte7  Luxembouxig  277  * 

Cantilever, Ffai^oflWth  Queensferry  1700       1890 

Tlie  highest  viaduct  is  the  (Jol^teilF  Viaduct,  in  Bnrmah,  with  a  maximum 
keMt^820  Ctn  and  a  total  length  (GOBHK)sed  of  AoH  «ians)  of  2iM0  ft.. 

Timber  Truaaea« 

ZfMim  Timbor  is  now  becoming  so  ozpeadve.  except  in  unsettled  regions, 
and  the  labor  of  des^iiur  ao  eheapy  inat  it  is  no  longer  found  to  be  good 
practice  to  use  unnecesssruy  heavy  timbers,  sinmly  for  the  sake  of  b^nfc "  on 
the  safe  side"  and  avoiding  computations.  Henoe,  in  Important  ondges, 
every  part  vrif  c  2eh  member  imder  stress  is  usually  eomputed.  On  the  other 
hand,  the  strength  of  wood  is  so  uncertain  an  element  that,  when  in  doubt, 
it  is  best  to  adopt  that  assumption  whioh  will  require  the  larosr  amotion ;  and 
ample  facte n  of  safety  should  be  used. 

2t7*  Cotiiin*et8lon  memben  are  designed  as  ec^umns  (see  PHlarB, 
imder  Strength  of  Materials) ;  and,  if  subjected  to  transverse  stresses  as  well, 
these  also  should  be  carefully  taken  into  aooount.  All  holes  and  other  reduc- 
tions of  section  must  of  course  be  deducted  from  the  gross  section. 

228.  In  the  tension  members  also,  all  reductions  of  section  must  be 
considered;  but  iron  or  steel  rods  are  now  generaUy  used,  in  place  of  wood, 
in  tension  members. 

229.  In  addition,  care  should  be  taken  that  the  timber  can  withstand 
anycroshlnff  or  shearing  stresses  that  may  come  upon  it  or  be  set  up  in 
it.  Thus,  the  ends  of  posts  should  be  investigated,  to  see  that  they  ace  safe 
against  crushing.  Where  a  post  meets  another  member  at  an  inclined  ang^e 
and  is  to  be  notched  into  it,  it  is  economy  to  compute  the  depth  of  notch 
required;  as,  the  deeper  the  notch,  the  greater  the  gross  section  required  for 
the  notolwd  member.  Where  bolts  are  fastened  to  timbers  by  nuts,  washers 
should  invariably  be  placed  imder  the  nuts,  and  the  nse  of  washer,  necessary 
to  prevent  crusmng  the  wood,  computed. 

230.  Where  the  wood  is  subiected  to  shearing,  as  where  a  bolt,  passed 
through  a  timber,  transmits  stress  by  the  bearing  of  its  side  against  the  inside 
of  the  nole.  or  where  there  is  a  step  or  table  which  may  be  sheared  off  by  the 
pressure  of  another  piece  against  it.  it  should  alwavs  be  seen  that  there  is 
sufficient  surface  along  the  grain  of  the  wood  to  take  the  shear,  and  some 
allowance  should  be  made  for  the  possibility  that  the  grain  may  run  out  to 
the  surface  or  to  some  hole  before  an  the  stress  can  be  transferred. 


*  Under  ootistruction,  1902. 
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931.  Cross-seettoB  of  Upper  Chord.  Binoe  !t  would  be  !neoitv»* 
nient,  in  practical  constmction,  to  change  the  section  of  a  timber  tipper  chord 
at  different  points,  H  is  designed  throughout  to  withstand  the  maximum 
stress  occurring  between  any  two  pand^  points.    Assume  width  of  chord 

member.    Find  r*  -  Geast  radius  of  gyration)*  -  ^^^^.    Find  allowable 

unit  stress  according  to  column  formula  given  in  specifications  or  adopted, 
using  the  given  maximum  stress.  Find  area  reqmred  for  this  unit  stress. 
Find  the  resulting  depth*  which  for  a  horisontal  or  incliaed  member  is  pref- 
erably somewhat  greater  than  the  width,  to  allow  for  bending  moment  due 
to  its  own  weight,  if  this  does  not  give  a  good  eommereial  sum,  it  may  be 
well  to  revise,  m  order  to  obtain  a  better  section. 

23I3.  Stmts  are  preferably  made  as  wide  as  the  upper  chord.  Each  strut 
must  be  designed  separately.  Obtain  r*,  allowable  unit  stress,  etc.,  as  for  the 
upper  chord.  For  economy,  the  struts  should  average  nearly  square,  even 
though  it  should  be  necessary  to  alter  the  section  of  the  upper  chord  in  order 
to  prevent  wide  deviation  from  a  square  section. 

233*  The  vertical  ties  (of  iron)  may  now  be  designed.    Area  of  cross- 
maYimum  stress         ^  ^        -,.  .  «  _x'        m  ««**      »*n. 

section  —     „  ..     .     -.    But  see  Minimum  Seetion,  1  187.     The 

aiiowaoie  unit  stress 
sise  of  a  nut  is  usually  fixed  by  the  diameter  of  the  rod,  but  ^e  washers 
should  be  so  designed  as  not  to  crush  the  wood. 

t34.  The  bearings  or  Indentations,  required  in  the  upper  and  lower 
ehords  to  hold  the  inclined  members  in  place,  may  now  be  computed.    The 
component  (in  the  strut)  perpendicular  to  the  face  or  faces  against  which  it 
*    *       1  the  nee  j     ..     i  .  .      ,  .      ...... 


presses,  is  eomputed,  and  the  necessanr  depth  obtained,  assuming  the  width 
of  the  lower  chord  the  same  as  that  of  the  upper  chord  and  the  struts. 

235.  The  section  of  the  lower  chord  may  now  be  decided  upon,  since 
the  reduction  of  section,  due  to  indentations,  is  known. 

Area  of  net  cross-section  -      »»«^5iH5*^:?5?_. 
allowable  uait  stress 


Fi«.  67. 


i336*  End  Joint*  Fig.  67.  Many  different  designs  for  end  joints  have 
been  made,  proposed  and  discussed.  The  ends  of  the  straps  should  enter 
notches  in  the  lower  chord,  to  such  a  depth  that  the  total  stress,  taken  by  the 
end  fibers  of  the  sides  of  the  notches,  is  equal  to  the  stress  that  the  ends  of 
the  straps  can  resist  by  bending.  This  diepth  can  be  found  by  successive 
trials,  or  by  means  of  two  algebraic  equations,  in  which  the  maximum  allow- 
able pressure  and  the  depth  of  notch  are  the  two  unknown  quantities. 

Determine  the  shearing  surface  required  to  transmit  this  stress  to  the  body 
of  the  lower  chord.  This  win  also  determine  the  space  between  the  notches 
and  the  end  of  the  lower  chord.    Compute  the  stress  (if  9py)  that^remains  to 
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be  transferred,  and  d«Aai  the  long  inclined  bolts  and  their  washeie  aooord- 
ingly.  Ck>mpute  also  tne  compressive  area  and  depth  of  verticid  face  of 
lower  end  of  upper  chord,  required  to  transmit  the  horizontal  component  of 
its  thrust.  See  also  that  the  lower  bearing  presents  sufficient  surface  to 
resist  the  vertical  component.  The  keys,  between  the  bolster  and  the  lower 
chord,  must  be  designed  to  carry  the  horizontal  component  of  the  wind.  For 
safety,  friction  between  the  two  parts  should  be  neglected. 

237.  Fi^.  68  show  Joints  adapted  to  most  of  the  cases  that  occur  in 
practice  with  wooden  beams,  etc.  They  need  but  little  explanation.  Fig. 
(a)  is  a  good  mode  of  splicing  a  post ;  in  doing  which  the  line  o  o  should  never 
be  inclined  or  sloped,  but  be  made  parallel  to  the  axis  of  the  iK>st ;  otherwise^ 
in  case  of  shrinkage,  or  of  great  pressure,  the  parts  on  each  side  of  it  tend  to 
slide  along  each  other,  and  thus  bring  a  great  strain  upon  the  bolts.  When 
greater  strength  is  required,  iron  hoops  may  be  used,  as  at  b,  A  and/,  instead 
of  bolts.  Fig.  (&)  shows  a  post  spliced  by  4  fishing  pieces;  which  may  be 
fastened  either  bv  bolts,  as  m  the  upper  part ;  or  by  hoops,  as  in  the  lower. 
The  hoops  may  be  tightened  by  flanges  and  screws  as  at  «;  or  thin  iron 
wedges  may  be  driven  between  them  and  the  timbers,  if  necessary.  Fig.  C 
shows  a  good,  strong  arrangement  for  uniting  a  straining-beam  K  or  rafter  I, 
and  a  queen-post  u;  by  lettmg  k  and  I  abut  against  each  other,  and  confining 
them  between  a  double  queen-post  t  t;  n  n  are  two  blocks  through  which 
the  bolts  pass.  A  similar  arrangement  is  equally  i|ood  for  uniting  the  tie- 
beam  w,  with  the  foot  v,  of  the  queens;  with  the  addition  of  a  strap,  as  in  the 
figure.  Fig.  (e)  is  a  method  of  framing  one  beam  into  another,  at  right  angles 
to  it.  An  iron  stirrup,  as  at  /,  may  be  used  for  the  same  purpose;  and  is 
stronger.  Fi^.  a  h,  %  j  are  built  beams.  When  a  beam  or  girder  of  great 
depth  is  required,  if  we  obtain  it  by  merely  laying  one  beam  flat  upon  an- 
other, we  secure  only  as  much  strenigth  as  the  two  oeams  would  have  if  sep- 
arate. But  if  we  prevent  them  from  tliding  on  one  another,  by  inserting 
transverse  blocks  or  keys,  as  at  g;  or  by  indenting  them  into  one  another,  as 
at  t ;;  and  then  bolt  or  strap  them  firmly  together  to  create  friction ;  we  ob- 
tain nearly  the  strength  of  a  solid  beam  of  the  total  depth ;  which  strength  is 
as  the  square  of  the  depth.  See  Horizontal  Shear,  %  51,  under  Transverse 
Strength. 

238.  The  strength  of  a  built  beam  is  increased  by  increasing  its  depth  at 
its  center,  where  it  is  most  strained :  as  in  the  upper  chords  of  a  bridge.  This 
may  be  done  by  adding  the  triangular  strip  y  y  between  the  two  beams. 

239.  A  piece  of  plate-iron  may  be  placed  at  the  joints  of  timbers  when 
there  is  a  great  pressure;  which  is  thus  more  equally  distributed  over  the 
entire  area  of  the  joint;  or  cast  iron  may  be  used. 

240.  Frequently  a  simple  strap  will  not  suffice,  when  it  is  necessary  to  draw 
the  two  timbers  very  tightly  together.  In  such  cases,  one  end  of  each  strap 
may,  as  at  x,  terminate  as  a  screw ;  and  after  passing  through  a  cross-bar  Z, 
all  may  be  tightened  up  by  a  nut  at  x.  Or  the  principle  of  the  double  key, 
shown  at  K,  may  be  applied.  Sometimes,  as  at  A,  the  hole  for  the  bolt  is 
first  bored :  then  a  hole  is  cut  in  one  side  of  the  timber,  and  reaching  to  the 
bolt-hole,  larae  enough  to  allow  the  screw  nut  to  be  inserted.  This  being- 
done,  the  hole  is  refilled  by  a  wooden  plug,  which  holds  the  nut  in  place 
Then  the  screw-bolt  is  inserted,  passing  through  the  nut.  By  turning  the 
screw  the  timbers  may  then  be  tightened  together. 

241.  When  the  ends  of  beams,  joists,  etc.,  are  inserted  into  walls  in  the 
usual  square  manner,  there  is  danger  that,  in  case  of  being  burnt  in  two,  they 
may,  in  falling,  overturn  the  wall.  This  may  be  avoided  oy  cutting  the  endis 
into  the  shape  shown  at  m. 

242.  When  a  strap  o.  Fig.  R,  has  to  bear  a  strain  so  great  as  to  endanger 
its  crushing  the  timber  p,  on  which  it  rests,  a  casting  like  v  may  be  used  under 
it.  The  strap  will  pass  around  the  back  r  of  the  casting.  The  small  projec- 
tions in  the  bottom,  being  notched  into  the  timber,  will  prevent  the  casting 
from  sliding  under  the  oblique  strain  of  the  strap.  The  same  may  be  used 
for  oblique  bolts,  and  below  a  timber  as  well  as  above  it.  When  below,  it 
may  become  necessary  to  bolt  or  spike  the  casting  to  the  under  side  of  the 
limber.  When  the  pull  on  a  strap  is  at  right  angles  to  the  timber,  if  there 
is  much  strain,  a  piece  of  plate-iron,  instead  of  a  casting,  may  be  inserted 
between  the  strap  and  the  timber,  to  prevent  the  latter  from  being  crushed 
or  crippled;  see  land  I. 
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243.  Lower  Chord  Splice.  Owing  to  the  length  of  the  lower  chord, 
it  may  be  necessary  to  splice  it,  as  in  Fig.  60,  where  the  splice  is  a  tabled  fish- 
plate joint.  The  number  of  tables  to  be  used  is  largely  a  matter  of  trial.  The 
use  of  too  many  tables  involves  too  much  carpentry,  and  consequent  uncer- 
tainty as  to  distribution  of  pressures,  while  the  use  of  too  few  requires  deep 
notches,  which  may  too  greatly  reduce  the  section.  These  tables  must  be 
designed  to  resist  bearing  against  their  ends,  and  to  resist  being  sheared  ofiF. 
Bolts  should  be  passed  through,  especially  at  the  ends  of  the  fish-plates,  to 
prevent  them  from  bending  outward ;  and  the  washers  should  be  so  designed 
as  to  transmit  safely  to  the  wood  all  the  stress  that  can  come  on  the  bolt. 


Tig,  «9. 

244.  Fig.  70  shows  a  lower  chord  splice  used  In  connection  with  the  stand- 
ard combination  (timber  and  iron)  Howe  truss  bridges  of  the  Chicago,  Mil- 
waukee A  St.  Paul  Railway  See  1 H  249-251,  Figs.  73.  Four  of  the  clamp- 
blocks  shoWn  are  required  for  each  joint,  a  block  Being  placed  upon  each  side 
of  each  stick  to  be  spliced.  The  two  opposite  blocks  forming  a  pair  are  held 
together*  and  against  the  stick,  by  four  through  bolts;  and  the  cylindrical 
lugs,  cast  on  the  surface  of  each  block,  enter  corresponding  holes,  bored  in 
the  face  of  the  stick.  The  two  blocks  on  the  same  side  of  a  stick  are  held 
together  by  the  hooked  clamp-bar.  The  clamp-key  is  driven  between  the 
left  hook  and  the  beveled  key-seat  on  the  left  block. 


o    o    o    o 
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damp 
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damp  Bloek-Ze/t  Clamp  Bloek-Bight 


i        r       o 


Clamp 


Weet 


Wig.  70* 

24ff.  Figs.  71  illustrate  a  small  wooden  Howe  truss  bridge.  The  top 
and  bottom  chords  are  each  made  up  of  three  or  more  parallel  timbers  c  c  c, 
placed  a  small  distance  apart,  to  let  the  vertical  tie-rods  r  r  pass  between 
them.  The  main  braces,  o  c,  are  in  pairs  or  in  threes.  The  pieces  compos- 
ing them  abut,  at  top  and  at  bottom,  against  triangular  angle  blocks,  «; 
which,  if  of  hard  wood,  are  solid ;  and,  if  of  cast  iron,  hollow,  Fig.  (d),  and 
strengthened  by  inner  ribs.  These  blocks  extend  across  the  three  or  more 
chord  pieces.  Against  their  centers  abut  also  the  counterbraces  e.  These 
are  single  piece&  in  small  bridges;  or  in  pairs,  in  large  ones ;  and  pass  between 
the  pieces  which  compose  a  main  brace.     Where  the  wooden  braoes  and 
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6Dunf#r8  erois,  ther  are  bolted  together. 

the  strvBgiheDingnbe;  and  the  lug,  x,  keeps  t 


In  Fig.  ((f),  the  dotted  Unee  sfao^ 

.^ „ lug,  £,  keeps  the  block  in  place.  TheverticaL 

tie^rods  r  r,  of  iron,  are  in  pairs,  threes,  or  fours,  etc.,  aceordine  to  sise  of 


(OW 

ical 

_  .        .  ^  ^of 

bridge ;  with  a  screw  and  nut  at  each  end.  The  heads  and  feet  of  the  braces 
and  counters  abut  square  against  the  angle  blocks;  and  are  often  kept  in 
plaee  only  by  tightening  the  screws  of  the  vertical  ties.  The  end  posts,  p 
and  d,  the  end  ties,  i  e  and  h  y,  and  the  horisontal  ext^ensions,  g  %  and  w  h,  of 
tiie  uppOT  chord,  form  no  part  of  the  truss  proper. 


■  i..?..^..^..f..r..f 
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A^ 


(ft) 


BB0 


(«)       I        (d)- 


Figr.  Ti. 


246.  In  lar^*  sBans*  to  preyent  the  pressure  at  the  ends  of  the  diago- 
Bals  fpqm  •roBhlng  the  chords,  the  angU  blocks  i^  ■ometimes  east  with  deep 
proiecting  flanges  under  their  bases.  These  flanges,  passing  between  the 
pieces  which  compose  a  chord,  extend  to  the  opposite  face  of  the  chord. 
There  tl^e  flanges  be^r  upon  broad  washers  at  the  ends  of  the  vertical  rods. 


tt    • 


^ 


^ 


rig.  7M. 

847.  A  oommoo  form  of  lateral  bracingr»  Fig.  73.  leaembles  a  Howe 
truss  laid  flat  on  its  side.  In  it  the  diagonals  of  the  cross  are  struts  of  timber; 
and  the  pieces  r  r  are  round  rods.  One  of  the  struts  is  whole,  with  ^he  excep- 
tion of  a  sli^t  mortise  on  each  vertical  side,  at  its  center,  for  receiving  tenons 
out  on  the  inner  ends  of  the  two  pieces  which  compose  the  other  diagonal. 
At  the  sides  of  the  chords,  the  ends  of  the  diagonals  rest  upon  a  ledge  (shown 
by  the  dotted  line  i  t),  about  1^  inches  wide,  cast  at  the  bottom  of  the  cast- 
iron  angle  block.  The  tie-rod  r  r,  passing  through  the  chords  of  both  trusses, 
being  tightene4  by  means  of  the  nut  «,  holds  the  diagonals  firmly  in  place; 
and,  m  case  of  their  shrinking  a  little  in  time,  they  can  be  again  tightened  up 
by  the  same  means. 

The  cast  angle  block  is  as  deep  as  a  brace ;  its  thickness  need  not  exceed 
half  an  inch,  in  a  large  bridge.     It  has  holes  for  the  passage  of  the  rod  r  r. 
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248.  IMmensions  for  eaoh  of  two  trusses  of  a  single  traek  Howe 
bridge  for  highway  or  suburban  electric  railway,  with  cars  weighing  20  to 
25  tons  each.  Timber  not  to  be  strained  more  than  800  lbs.  per  sq.  inch ; 
nor  iron  more  than  5  tons  per  sq.  inch.  Iron  supposed  to  be  of  rather  supe* 
rior  quality,  requiring  from  25  to  27  tons  (60^80  lbs.)  per  sq.  inch  to  break  it. 
The  rods  to  be  upset  at  their  screw-ends.  To  each  oi  the  two  sides  of  each 
lower  chord  is  supposed  to  be  added,  and  firmly  connected,  a  piece  at  least 
half  as  thick  as  one  of  the  chord  pieces,  and  as  long  as  three  panels,  at  th« 
center  of  the  span. 
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249.  Standard  "combination'*  (wood  and  iron)  Howe  trass  rail- 
road bridges,  Chicago,  Milwaukee  &  St.  Paul  Railway,  1891-1902. 

The  bridges  are  designed  for  a  train  load  of  4000  lbs.  per  lineal  foot. 
-Wind  stresses  are  computed  for  a  pressure  of  500  lbs.  per  lineal  foot  of 
train.  C!ompressive  stresses  in  braces,  max.  505,  min.  92  lbs.  per  sq.  inch. 
Tensile  stresses;  in  main  truss  rods,  max.  12,450,  min.  8500  lbs.  per  sq. 
inch  of  net  area  at  root  of  thread.  Lateral  rods,  max.  15,000  lbs.  per  sq. 
inch  of  net  section. 

Timber.  Cross-ties  and  guard  rails,  white  oak;  top  chord  packing  blocks, 
white  pine;  all  other  timber,  white  or  Norway  pine  or  Douglas  fir. 

Combination  Bridges,  Chicago,  Milwaukee  &  St.  Paul  Railway: 


Total  length, 
feet,* 

Span.  feet,*. . 

Panels,   

Upper  chord, . 

Lower  chord,  t 

Main    braces, 
M: 
At  center,  t 
At  ends, . . . 

Counters,  C: 
At  center,! 
At  ends, . . . 

Vertical  rods: 
At  center,  t 

At  ends, . . . 

Weight,  K>s.,J 


82 

77 

7 
4,  7x10 
4,  7x14 


2, 10x10 
2, 10x12 

2.  8x10 
1,8x8 

3,  U 

3,  2i 

130,300 


93 

88 

8 
4,  7x10 
4,  7x14 

103 

99 

9 

4,  8x10 

4,  8x14 

114 

110 

10 
4,  8x10 
4,  8x14 

2,   8x10 
2, 12x12 

2, 10x10 
2, 12x12 

2, 10x10 
2, 12x14 

1,  10x12 
1,    8x8 

1,  8x10 
1,8x8 

1,  8x10 
1,8x8 

3,  U 

3,    If 

3,  U 
/3.  2i 
12.  2 
209,400 

3,   21 
155,600 

3,   2i 
182,000 

125 

121 

11 
4.  8x10 
4,8x15 


2, 10x10 
2, 12x14 

1,  8x10 
1,8x8 

3,   If 
3,   2\ 
2,  2 
233,100 


136 

132 

12 

4,8x10 

4,  8x15 


2, 10x10 
2, 14x14 

1, 10x12 
1.   8x8 

3,  n 

3.  21 
2    2 
259,900 


147 

143 

13 
4,  8x12 
4,  8x15 


2, 10x10 
2, 14x14 

1.  8x10 
1,8x8 

3.   If 
3,   2i 
2:  2 
286,500 


*  Lengths  and  spans  are  given  to  the  nearest  foot.  The  panel  length  is 
10  ft.  lit  ins.  Each  span  is  longer,  by  one  panel,  than  the  next  preceding. 
Depth,  in. all  cases,  25  feet  in  clear  of  chords.  Width,  14  ft.  6  ins.  in  clear 
between  chords. 

t  For  lower  chord  splice,  see  Fig.  70,  t  244. 

t  Owing  to  the  fact  that  the  spans  have  alternately  odd  and  even  numbers 
of  panels,  there  is  some  ambiguity  as  to  the  dimensions  of  web  members  at 
oenter  of  span. 

i  Weight  includes  the  two  trusses,  bracing  and  floor  system  for  one  single- 
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track  span.     Of  the  total  weight  of  the  bridge,  the  trusses  have  about  63 
per  oent.t  lateral  systems  26,  floor  system  18,  and  wall  plates  3  per  cent. 
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250.  In  all  spaQs,  lateral  bracing,  6X6  ins,  at  center,  8X8  Imi.  at  ends; 
of  span;  lateral  rods,  li  ins.  at  center,  li  to  If  ins.  at  ends;  collision  struta, 
S  (one  at  each  end  of  each  truss),  6  X  14  ins.;  transverse  portal  brace,  B, 
between  ends  of  upper  chords  (one  at  each  end  of  brid^),  10  X  12 ins.; 
diagonal  portal  braces.  D  (two  at  each  end  of  bridge),  6X8  ms. 

The  floor  beams  are  10  X  16  ins.,  20  ft.  long,  14  ft.  clear  span,  and  2 
ft.  6  ins.  apart  center  to  center.  The  strinfisrs  are  5  ins.  wide,  12  ins.  deep, 
placed  as  shown  in  the  end  view.  Fig.  (6).  Ties,  8  ins.  wide,  6  ins.  deep,  1  ft. 
apart,  center  to  center.  Guard  rail,  8  ins.  wide,  6  ins.  deep.  Under  eaeh 
end  of  the  lower  chord  nro  t  wd  timhor  wall  platee.  12 X 12  ins.,  20  ft.  long. 

251.  Figs.  78  show  the  09  ft.  span.  Fig.  (a)  is  a  side  elevation  of  half 
the  span  with  top  and  bottom  lateral  bracing  and  floor  system;  Fi|;.  (1^)  a 
half  end  elevation,  showing  portal  bracing;  Fig.  (c)  a  panel  pomt  con- 
nection (the  same  for  upper  and  for  lower  chord) ;  Fig.  (d)  a  oftst-iron 
angle  block  for  same;  and  Fig.  (e)  a  cast-iron  angle  block  tor  L^t^ral  bracing. 

Metal  Bout  Trusses. 
252»  Among  the  types  commonly  used  for  metal  roof  trusses  are  the  trian- 
gular truss.  Fig.  26.  and  the  arch  truss;  the  triangular  truss  |>ehig  used  for 
short  spans,  and  the  arch  truss  for  long  spaiLC     8ee  ^^  2&&,  etc.,  and 
Fig.  75. 

25B»  In  roof  trusses  of  short  spaUj  carrying  light  loads,  the  minimum 
sectionsprescribed  in  bridge  specincations  will  often  suffice  for  all  the  mem- 
bers. The  connections  are  made  by  means  of  rivets  and  flat  plates,  some- 
what as  shown  in  ^ig.  74. 


204*  In  designing  such  trusses,  no  matter  how  light  the  stresses,  care 
should  be  taken  to  avoid  eccentric  loadings,  which  are  apt  to  occur  where  the 
members  are  not  repeated  symmetrically  on  both  sides  of  the  flat  plates. 

25fi,  Train-shed  Boof,  Broad  Street  Station,  PennsylTanIa 
Bailroad,  Philadelphia.  Figs.  76  (aito  (/).  Built  1808  by  Pencoyd 
Bridge  and  CJonstniction  Co.,  erected  by  Railroad  C5o.  Span,  300'  8';  rise, 
108' 6';  length,  589' 2i^  Twenty  trusses,  arranged  in  10  pairs,  3  pairs 
shown  in  Fig.  (c). 

256*  Each  truss  consists  of  two  arched  rafters,  A  B  and  B  C,  and  a  heri- 
sontal  chord,  A  C,  with  three  pin  joints,  A,  B  and  C;,  Fig.  (a). 

Each  rafter  is  composed  of  two  chords,  14  radial  braces  and  26  diagonals. 
For  the  sake  of  appearance,  the  chords  are  extended  across  the  top  panels, 
occupied  by  the  two  triangular  apex  members,  and  are  there  connected  by 
a  sliding  joint. 

257.  The  horliontal  chord  AC.  Fig.  (a),  lies  below  the  floor  of  the 
train-shed,  and  is  suspended,  at  intervals,  from  girders  wbioh  support  that 
floor  and  which  are  carried  by  iron  columns  in  the  lower  story. 

258.  End  bearings.  One  foot  of  each  truss  rests  upon  a  fixed  shoe,  bolted 
down  to  the  pier;  the  other  on  a  nest  of  11  steel  rollers. 

250.  At  each  end  of  the  roof,  a  horizontal  wind  truss,  WW,  Fig.  (a},  is 
suspended  from  the  rafters,  its  ends  resting  upon  brackets  riveted  to  their 
lower  chords. 
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9eO,  Between  ttese  borisoatal  wind  tmeses  and  the  raften,  find  just  be- 
hind the  glass  cuftain  closing  each  end  of  the  roof,  are  placed  vertical 
wind  trusses  (not  shown),  with  horisontal  and  diagonal  bracing,  in  planes 
normal  to  the  main  trusses.  These  vertical  trusses  are  hung  from  the 
lower  panel  points  of  the  rafters.  Fig.  (a).  They  resist  the  wind  pressure  on 
the  curtain,  and  transmit  it,  through  the  horizontal  wind  trusses,  to  the 
lower  chords  of  the  rafters. 

tMl«  Two  rafters,  AB  and  BC,  Fig.  (a),  of  one  truss,  together  weigh 
138,000  lbs. ;  chord  (two  lines  of  eye-bars)  16,000,  total  164,000  lbs.  One 
pair  of  trusses,  308.CK)0.  Framework  of  entire  train-shed,  including  trusses, 
purlins,  rafters  and  wind  bracing,  about  7,000,000  lbs. 


.'ft')  '<:>-T.*t  ^ 


launch  Elevation. 

(6) 


Scale  for  Figs.  ItoG 
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BOO 


Ftff.  75. 
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262.  Assumed  extraneous  loads,  in  lbs.  per  so.  ft.  of  ground  plan :  rafters 
9.5;  laterals  Mid  pwrlins,  7.5;  ventilator  and  Skylight  framing,  0.5;  covering 
and  skylights,  15;  snow,  17;  wind,  35. 

1S03.  The  traveler,  Figs,  (a)  and  (/),  was  of  timber,  and  was  so  designed  a^ 
to  permit  the  use  of  the  old  train-sheds  while  the  new  roof  was  being  erected. 

264.  The  top  section,  from  apex  to  joint  9,  Figs,  (a)  and  (c),  was  riveted 
up  at  mill  and  placed  in  position  as  a  whole,  as  was  slso  the  foot  section  from 
joint  27  to  the  top  of  the  triangular  foot.  The  remainder  was  riveted  on  the 
traveler.  To  erect  one  jmir  of  trusses,  with  the  purlins,  etc..  connecting  it 
vii^ith  the  pair  last  erected,  required  about  10  days.  Shifting  the  traveler 
through  a  distance  about  ec|ual  to  its  own  length,  to  receive  the  next  pair  of 
trustoeSi  required  about  8  minutes,  and  was  done  by  means  of  the  engines  used 
for  hoisting. 
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<30ff*  Dimensions  of  Arched  Roofs  of  Larse  Span. 


Arches. 

Roof. 

Span. 

Rise. 

Length. 

Area 
Covered. 

Train-sheds. 

ft.  ins. 

ft.  ins. 

ft.  ins. 

eq.  ft. 

Pennsylvania       Railroad, 
Philadelphia.         Broad 

Street  Station. 

300  8 

108  6 

589  2 

177.150 

Pennsylvania       Railroad, 

Jersey  City, 

252  8 

90  0 

652  6 

164.900 

Phila.  &  Reading  Railroad, 

Philadelphia.  "Reading 
Terminal."  Market  St^, . . 

250  0 

88  3 

506  8 

131,250 

New  York  Central  &  H.  R. 

R.R..  New  York.  Grand 

Central  Station. 

199  9, 

04  0 

652  0 

129.856 

Midland  Railway.  London. 

St.  Pancras  Station, .... 

240  0 

107  0 

706  0 

169.400 
176,200 

Cologne.  Germany.  Nave. . 

209  7 

78  8 

836  0 

Exposition  Buildings. 

Machinery     Hall.     Paris. 

1889.     Nave 

362  9 

149  0 

1.380  0 

500.600 

Manufactures  and  Liberal 

Arts  Building.  Chicago. 

, 

1893,     ...r 

368  0 

206  0 

'  1,268  0 

466,600 

Timber  Roof  Trusses* 

266.  Dimensions  for  small  timber  roof  trusses.  Figs.  43  to  47. 
5^  148,  etc.,  of  white  pine.  Span  —  4  X  rise.  Combined  weight  of  trusses, 
roof  and  load,  including  snow  and  an  allowance  for  wind,  40  lbs.  per  square 
foot  of  roof  surface.  Trusses  12  feet  apart,  center  to  center.  Safety  faotor 
-  3;  b  -  breadth;  d  -  depth.  For  Fig.  46.  struts  4.5  X  4.5  ins.  would 
suffice;  but,  for  practical  reasons,  the  struts  are  generally  made  as  wide  as 
the  rafters.  For  Fig.  47,  the  straining  beam  is  12  X 12  ins.  For  Figs.  45. 
46  and  47,  two  sets  of  dimensions  are  given ;  the  firRt  for  chord  unloaded  ;  the 
second  for  chord  loaded  with  100  lbs.  per  square  foot. 


' 

Chord. 

Rafters. 
Ins. 

King  or 

Fig. 

^r 

Rise. 
Ft. 

Timber. 
Ins. 

Iron. 

te^ 

Chord. 

Ins. 
Diam. 

Ins. 
Diam. 

1^ 

b. 

d. 

b. 

d. 

43 

7.5 

5 

10 

5 

10 

1 

unloaded 

45 

7.5  1 

6.6 

9 

6.6 

9 

1 

1 

unloaded 

8.6 

11 

8.5 

11 

If 

loaded 

46 

40 

10      ■[ 

6 

8 

6 

8 

1.5 

1 

8 

10 

8 

16 

2 

loaded 

47 

60 

15 

10 

12 

10 

12 

1.5 

^ 

unloaded 

12 

14 

12 

12 

, ,  • 

2 

loaded 
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TBANSPOBTATION  AND  ERECTION. 

967*  Girders  should  be  loaded  for  transportation  on  flat  cars,  with  web 
veriioal,  and  with  brntrings  at  the  pointe  distant  i  span  Irom  the  ends.  Where 
too  lone  for  two  cars,  one  or  more  idle  spacing  cars  are  used  and  the  points 
of  support  are  pivoted. 

268.  Girders  may  be  erected  by  means  of  gin  poles,  derricks;  gallows, 
etc.,  or  they  may  be  skidded  from  the  cars  and  lowered  to  place  by  jacks  ana 
blocking.  Qinpolee  should  have  at  least  four  guya,  with  tackles,  for  easy 
adjustment.  Hoisting  may  often  be  done  by  means  of  a  locomotive  running 
on  the  tracks  of  that  part  of  the  structure  which  is  already  completed. 
Ropes  are  used  at  about  i  their  ultimate  strength. 

969.  Tiaducts  are  usually  built  from  above,  by  means  of  an  overhead 
projecting  traveler.  Sometimes  by  means  of  a  cableway ;  but  this  method  is 
slow.  In  some  oases  the  traveling  tower  is  on  the  ground,  and  reaches  to  the 
top  of  the  viaduct.  Or,  the  viaduct  may  be  erected  by  means  of  false-work, 
or  from  an  existing  structure. 

270.  Long  span  bridges  are  usually  built  upon  a  platform  of  false- 
work or  on  a  row  of  trestle  bents,  well  braced. 

271.  Erection.  Upon  the  false-works  the  lower  chords  are  first  laid, 
as  nearly  level  as  may  be.  The  upper  chords  are  then  raised  upon  temporary 
supports  which  foot  upon  the  one  that  carries  the  lower  chord.  The  upper 
chords  are  first  placed  a  few  inches  higher  than  their  intended  positions,  in 
order  that  the  web  members  may  readily  be  slipped  into  place.  When  the 
web  members  are  in  place,  the  upper  chords  are  gradually  lowered  until  aJl 
rests  upon  the  lower  chords.  The  screws  are  then  gradually  tightened,  to 
bring  all  the  surfaces  of  the  joints  into  their  proper  contact;  and  by  this 
operation  (the  upper  chord  members  having  the  necessary  excess  of  length), 
the  camber  is  formed,  and  the  lower  chords  are  lifted  clear  of  the  uUse- 
works ;  the  truss  now  resting  only  upon  its  permanent  supports. 

272.  False-woric  is  ordinarily  constructed  of  hemlock  or  pine,  costing 
about  $20  per  1000  ft.  board  measure.  Allow  about  $16  per  1000  ft.  B.  M.  for 
framing,  etc.  $5  to  $15  per  1000  ft.  B.  M.  may  usually  be  obtained  for  old 
material  ("salvage'')* 

The  main  meifibers  are  usually  12  X  12  ins.,  and  the  diagonals  3  X  12. 
Bolts,  1  inch.  Owing  to  the  temporary^  nature  of  false-work  and  to  the  sal- 
vage which  may  be  obtained  for  it  if  it  is  not  too  badly  cut  up^  it  is  advisable 
to  use  plenty  of  material  of  good  standard  sises,  especially  m  longitudinal 
bracing,  which  may  be  placed  between  alternate  pairs  of  bents,  forming 
towers. 

273.  In  soft  bottoms,  the  false-work  may  rest  upon  piles,  to  which 
the  uprights  of  the  false-work  may  be  notched  and  bolted,  or  banded.  Not 
less  tnan  4  piles  per  bent  should  be  used.  As  manv  as  24  have  been  used. 
Piles  should  be  braced  below  water-mark.  Bents  should  be  built  in  stories 
of  from  12  to  30  feet  each.  Ck>nnections  should  be  made  by  means  of  side 
pieces  or  fish-plates. 

274.  With  roclc  bottom,  in  a  strong  current,  it  may  be  expedient  to 
sink  eribs  filled  with  stone,  as  a  foundation  lor  the  false-work. 

275.  The  erection  of  cantilevers  and  suspension  bridges  requires 
much  time ;  but  their  use  is  often  necessitated  by  the  impossibility  of  erecting 
false-work. 

276.  Renewal  of  bridges  may  be  accomplished  by  displacement ;  either 
by  protrusion,  where  the  new  span  is  skidded  longitudinally  along  the  track; 
by  transverse  displacement,  where  both  old  and  new  spans  are  placed  pn 
tracks  running  normally  to  the  bridge:  by  vertical  displacement,  either  ris- 
ing or  descending ;  or  by  pivotal  displacement,  the  old  span  swinging  out 
about  a  pivot,  and  the  new  span  swinging  into  place  about  another  pivot. 

277.  Cautions.  In  erection  and  renewal,  consider  dead  weight  of 
bridge,  effect  of  impact  of  current  of  stream,  impact  of  boats,  ice,  drift,  etc., 
especially  when  floods  are  to  be  apprehended,  and  strains  of  hoisting  tackle. 
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For  rigidity,  a  liberal  safety  factor  must  be  used.  Drift  may  pile  up  and 
form  a  dam.  Trestle  beBtk,  itk  the  water,  ifioreaafithi  velocity  and  scour 
of  the  current,  and  may  thus  cause  undermining.  False-work  may  be  pro- 
tected afiniinst  drift  by  fender  piles.  Provide  against  eocentrieit>ie6  of  ♦rind 
stress.  Numerous  accidents  have  shown  the  expediency  of  guarding  the 
unfinished  truss  itself  against  high  winds.  AH  lateral  and  other  wind 
bracing  should  be  in  place,  and  secured,  before  the  false^works  Bte  re- 
moved and  the  trusses  allowed  to  rest  lipon  their  final  bearings. 

Avoid  dropping  tools,  etc.  Even  very  small  pieces,  falling  from  a  great 
height^  are  dangerous  to  life  and  even  to  the  bridge.  Hooks  in  tackles  are 
liable  to  break  or  to  pull  out.  Travelers  should  be  well  guyed  and  clamped, 
and  carefully  watched. 
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DteESTS     OF     SPECtFlCAtlOKS     FOR    B1UDOB8 
ASD  BUILDINGS. 

(1)  Steel  railroad,  highway  and  electric  railroad  bridges. 
iH)  Gombinatioii  (Wood  and  steel)  railroad  bridges. 
(3)  Steel  roof  trusses,  framework  and  buildings. 

The  following  Digests  of  Specifications  for  Bridges  and  Buildings  kre  in- 
tenoed  primarily  to  give  a  general  view  of  the  essential  featurei^  of  otirren!! 
practice  in  such  matters,  and  only  secondarily  to  indicate  the  practice  of 
any  particular  company. 

(1)  DIGEST  OF  SPECIFICATIONS  FOB   STEEL  BAILBOAD 
AHU    HIGHWAY  BBIDGES. 

Ust  of  Speolfieftiioiis  Used. 

Af     American  Bridge  Company, 

General  Specifications  for  Steel  Railroad  Bridges,  1900. 
Aa»  American  Briclge  Company, 

General  Specifications  for  Steel  Highway  Bridges,  IflOl. 
B»     Baltimore  &  Ohio  Railroad  Company, 

General  Specifications  for  Railroad  and  Highway  Bridges,  Roofs, 

and  Steel  Buildings,  1901. 
C»      Cooper,  Theodore  — , 

General  Specifications  for  Steel  Railroad  Bridges  and  Vladuets. 

1901. 
I>Ct   Cooper,  Theodore  — , 

General  Specifications  for  Steel  Highway  and  Eleetrk  Railway 

Bri<JKes  and  Viaducts,  1901. 
Df     Delaware,  Lackawanna  &  Western  R.  R.  Company, 

Specifications  for  Steel  Railroad  Bridges,  Octctber,  1899;  revised 

to  July,  1900. 
E|      Erie  Railroad  Company, 

General  Specifications  for  Bridges,  1900. 
6,     General  practice. 
Oo,  Osborn  EngineerinK  Company, 

General  Specifications  for  Highway  Bridge  Superstructures,  1901. 
P,      Pennsylvania  Railroad  Company, 

Standard  Specifications  for  Steel  Bridires,  JatttMtry  I,  IWl. 
St,     Philadelphia  &  Reading  Railway  Company, 

Specifications  for  Steel  Bridges,  1898;  revised  February,  1'901. 
Iff     New  York  Central  &  Hudson  River  R.  R.  Leaoed  and  Operated  hmm. 

General  Specifications  for  Steel  Bridges,  1900. 

I.  GENERAL  DESIGN. 
limltlnir  Sloans  tot  Dlfteront  Types. 

Beams  AND  GntDERs.      A  A»  B          C  Cc  D  T 

ft  ft  ft          ft  ft  ft  ft 
Boiled    beams,    solid 

flo6r,  etc., ;  { . .  up  to  up  to  up  to  up  to  tip  to  up  to  up  to 

20  40  20          20  40  20  26 

Plate  girders,   20  to  25  to  20  to  30  to  20  to  20  to  25  to 

100  80  100        120  80  100  100 
Tkussss. 

Riveted  trusses,*  . . .  .100  to  40&  lOO  to  75  to  40<fc  90  to  100  to 

140  over  120        150  over  160  200 

Pin  trusses, over  pver  over  over  over  1 50  &  200  «k 

140  140  120  120  120  over  over 

Riveted  trusses,*  under  100  ft:  pin  trusses,  over  100  ft,  Oo. 

Depth  of  truss,  min,  =  one-eighth  of  span,  Oo. 

•  tJfafortunately  CaHed  "Ifettieo  giirlws/'  At  " lattice  trusses"  and 
"  riveted  lattice  girders,"  C|  '*  riveted  lattice  tfwees."  D<  T}g[e 
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A,  As,  Am  B  Ck);  B,  B  dc  O;  C,  Cc»  Cooper;  D,  D  L  AW;  E,  Erie; 

Classlflcatloii  of  Highway  and  Electric  Bailroad  Bridges. 
Aa    Ce 

f  Al*  City  bridges  having  buckle-plate  floors,  and  paving  on  concrete 
A  •<  base. 

(.A2*  City  bridges  having  plank  flooring. 
B      B*     Suburban  or  interurban  bridges  for  heavy  electric  cars. 
C       C      Town  or  country  bridges  for  light  electric  cars  or  heavy  loads. 
D      D      Country  bridges  for  ordinary  highway  traffic. 
£1     El  *  Bridges  for  heavy  electric  or  motor  cars  only. 
E2    E2  "         "   light 

Oamfeer. 

Top  chord  panels  longer  than  lower  chord  panels  by  one-eighth  of  an  ineh 
in  10  ft  -  1  in  960,  A.  B,  C,  £,  B,  T. 

Highway  bridges,  three-sixteenths  of  an  inch  to  every  10  ft,  Cc* 

ATOut  three-fourths  of  an  inch  in  100  f t  »  1  in  1600,  D. 

Sufficient  to  bring  joints  of  compression  chord  to  a  squM«  bearing  when 
truss  is  fully  loaded.  Each  member  built  longer  or  shorter  in  proportion  to 
the  stress  to  which  it  is  subject  under  a  full  dead  and  a  full  live  load,  so  that 
under  full  loading  it  will  have  its  normal  length,  Oo« 

Cross  Section  of  Bridge. 

Gage»  usually,  4  ft  8^  ins.  Distance,  cen  to  cen  of  tracks,  12  to  13  ft. 

Width  between  trusses  or  girders  in  deck  spans.  Pin  spans,  min, 
0.05  span.  Riveted  trusses  (D),  10  ft.  Plate  girders  (G),  5  to  7  ft.  Spans 
not  over  60  ft,  7  ft:  60  to  100  ft,  8  ft;  over  100  ft,  about  one-twelfth  of 
span,  D.     Plate  girders  (Y),  over  60  ft,  in  pr<^x>rtion  to  hei^t. 

Clearance  in  through  spans,  on  tangents,  G«  t-^^ — t 

a    3  to  3*  ft  1  rX  d 

b       7  ft  !  I     rr 

c  6  to  6i  f  t 
d  4  to  6  ft 
e  10  to  14  ft 
f  1  to  5  ft 
h  20  to  22  ft 

Minimum  Clearance  on  Curves. 

Same  min  clearance  as  on  tan^nts,  A  f  Ditto  for  car  74  ft  long,  48  ft  cen 
to  cen  of  trucks,  10  ft  wide.  B;  JDitto  for  car  75  ft  long,  54  ft  cen  to  cen  of 
trucks.  Additional  clearance  =•  0.8  d  ins  on  each  side;  —  1.6  d  ins  between 
tracks ;  where  d  «-  degree  of  curvature  -»  central  angle  subtended  bv  a  chord 
of  100  ft,  C ;  increase  lateral  clearance  at  top  of  car  2.5  ins  for  each  inch  of 
superelevation  of  outer  rail,  C.  Cen  line  of  bridge  bisects  middle  ordinate 
and  is  parallel  to  chord,  T. 

Highway  Bridges.  Headway.  14  ft,  Oo*  For  classes  A,  B,  C,  and 
E,  min  =■  15  ft,  Aa,  Cc ;  for  a  width  of  6  ft  over  each  track,  Aa.  For 
Class  D,  12.5  ft.  Aa,  Cc.  Horisontal  clearance.  Min  14  ins  greater 
than  width  of  roadway  between  wheel  guards,  Aa.  For  electric  cars,  6.5  ft 
from  ceH  of  track,  Aa  f  7  ft,  Cc.  On  curves,  provide  for  a  car  of  45  ft  extreme 
length,  8  ft  wide,  20  ft  between  truck  centers,  Aa.  Width  between  centers 
of  trusses,  min  —  0.05  span,  G. 

Tension  Members. 

In  general,  hip  verticals  and  one  or  two  panels  of  lower  chord  at  each  end 
of  span  are  required  to  be  of  rigid  section,  so  as  to  resist  both  tension  and 
compression. 

Angles,  used  as  tension  members,  must  be  fastened  by  both  legs,  C,  D  t 
or  the  section  of  one  leg  only  will  be  considered  effective,  C. 

Adjustment. 

Avoid  adjustable  members,  A,  Aa,  D  (P  except  in  counters).     Avoid 

*  Cc,  Classes  A  {tnd  B  shall  be  designed  to  carry,  at  any  future  time,  a 
double  track  electric  railvmy.  C^r\r\n]o 
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O,  gen'l;  Oo,  Osb'n;  F,  Pa;  B,  R'd'fe;  T,  N  YC;  Aa,  Cc,  Oo,  H'way. 

adjustable  counters,  C,  Counter  rods  and  ties  in  pin  spans  adjustable,  Y ; 
SOTew  ends  upset,  C,  E,  Y,  screw  threads  U.  S.  Standard,  C,  Cc,  D»  E  t  diam- 
eter, at  base  of  thread  greater  than  in  body  of  bar  by  one-sixteenth  of  an  inch, 
D:  about  10  per  cent,  Yt  17  per  cent,  Oo. 

Rods  with  welded  heads  must  be  of  wrought  iron,  Oo.  Loops  must  de- 
velop full  strength  of  bar,  Oo. 

Compression  Members. 

End  posts  and  upper  chords  have  2  webs,  a  cover  plate  on  top  flange, 
batten  or  tie  plate,  and  lacing  on  bottom  flange,  G 

Not  more  tnan  one  plate,  and  that  not  thicker  than  one*half  of  an  inch 
(in  highway  bridges  tnree-eighths  of  an  inch),  shall  in  general  be  used  as  a 
cover  plate,  C^  Cc.  Cover  plate  must  not  extend  more  than  4  ins  beyond 
outer  row  oif  nvets,  D. 

Joints  between  sections  spliced  on  all  sides  with  at  least  2  rows  of 
closely  pitched  rivets  on  each  side  of  joint,  C.  Abutting  surfaces  faced  A 
(Dy  P,  except  in  top  flanges  of  girders),  E,  B,  Y.  No  reliance  on  abutting 
surfaces,  E. 

liattlce  Bars. 

Width,  from  1.5  to  2.5  ins.  Thickness,  in  sin^e  lattice,  one-fortieth, 
dUstanoe  between  rivets,  in  double  lattice,  one-sixtieth,  G.  If  over  seven- 
sixteenths  of  an  inch,  use  angles,  Oo.  Angle  with  axis  of  member;  in  single 
lattice  60^  double  45^  G. 

Pitch,  width  of  channel  +  9  ins.  C,  Cc ;  8  X  least  width  of  segment,  P,  B« 

Double  lattice  bars  riveted  together  at  their  intersections,  C,  D. 

Batten  Plates.  (Tie  Plates,  Stay  Plates.)  Min  length  generally  -  from 
0.75  to  1.5  X  its  own  width.  Min  width,  9  ins,  or  0.66  X  own  length,  or  — 
least  width  of  member,  Oo*  Min  thickness  —  thre»-ei^hths  of  an  inch  or  one- 
fiftieth  to  one-sixtieth  of  distance  between  centers  of  nvets,  G.  Riv<tt  spae^ 
ing  CD)  max  4  ins  oens. 

Pin  Joints. 

Eye  Bars.  Thickness,  mhi.  0.625  inch,  or  0.2  X  width  of  bar,  Oo. 
HeaoB  upset,  rolled  or  forged.  A,  B.  No  wMds  allowed  A,  D»  except  (B)  to 
.form  loops  of  laterals,  counters  or  sway  rods,  B.  Unset  and  die-forged,  Y. 
Beads  not  more  than  one-sixteenth  of  an  inch  thicker  than  body,  I>.  P. 
Bars  annealed,  G  $  before  boring,  D.  No  forge  work  after  boring,  B.  Bars 
to  be  placed  side  by  side  must  be  bored  at  the  same  temperature,  A,  Aa,  Y* 
Pins  must  pass  through  without  driving.  Eye  bars  working  together  must 
be  clampea  together,  and  bored  at  one  operation,  Oo. 

Distance  between  pin-holes  max  variation,  one  sixty-fourth  to  one  thirty- 
second  of  an  inch ;  or  one  sixty-fourth  of  an  inch  in  from  20  to  25  ft,  G. 

Built  Tension  Members.  Net  section  through  pin  hole  —  1.25  to  1.50 
X  net  section  through  body  of  member.  Net  section  back  of  pin  hole  — 
0.75  X  net  section  through  pin  hole,  or  «*  0.80  to  1.00  X  net  section  through 
body  of  member,  G;  proportion  for  double  shear  on  section  from  back  of  pin 
to  end  of  plate.  Oo ;  length  of  plate  back  of  pin.  min,  2.5  ins,  Oo.  Distance, 
back  of  eye  to  back  of  member,  greater  than  radius  of  pin,  Y. 

Pin  Holes,  (^earance  between  pin  and  hole,  from  one-fitftieth  to  one 
thirty-second  of  an  inch,  G. 

Pin  Plates  or  Beinf orclng  Plates.     At  least  one  plate  on  each  side 
must  extend  not  less  than  6  ins  beyond  edge  of  batten  plate,  G. 
•  Pins.     Up  to  7  ins  diam,  rolled,  P ;  over  7  ins,  forged,  C. 

Diameter,  min,  from  0.66  X  to  0.85  X  largest  dimension  erf  any  of  its  eye 
bars,  G. 

Plate  Girders. 

Min  depth)  about  one-ninth  to  one-twelfth  of  span,  G. 

Proportions  of  Web  and  Flanse.  Bending  moments  resisted  entirely 
by  the  flanges,  shear  resisted  entirely  by  the  weo  plate,  C,  Cc,  Rj  except 
when  the  web  is  made  in  one  length  or  is  fully  spliced  to  resist  the  bending 
stresses,  in  which  case  one-sixth  of  area  of  cross  section  of^web  plate  may  be 
considered  effective  as  flange  area,  Oo,  Digitized  by  L3OOQ Ic 
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A,  Am  Am  B  Cb;  B,  B  A  O;  Ci  Ct,  CflOper;  D^  P  L  &  W(  S,  Griff} 

OiMHMghtk  •£  grois  *rea  of  veb  tneluded  in  flaage,  A«  Aa»  B|  if  ltti«tjb  •■ 
90  ft  or  ov«r,  Et  if  lengih  is  Ima  than  60  ft,  only  the  cover  plate  aAd  the 
boriBontal  len  of  the  flimge  angles  are  to  be  ndiMUd  in  the  flange  area,  Ei 
no  part  of  web  included  in  flange,  C*  Ce>  D,  P#  B,  T« 

treb.  Tkieknesri,  min,  three-ei^ths  of  an  inofa,  G  t  in  hi|(hway  bridges 
(Cc«  Oo).  flve-eixteenths  of  an  inch. 

Total  snear,  acting  on  side  next  to  abutment,  to  be  taken  as  transferred 
into  flange  angles  within  distanoe  *  depUi  of  girder,  A,  Aa,  B,  E»  Oo»  P« 

Web  S|»llcea*  A  plate  on  each  side  of  web,  Gx  at  least  three-eighths 
inch  thiclc.  A,  B;  at  least  flve^izteenths  inch,  or  three-fourths  as  thibk  aa 
web,  and  wide  enough  for  2  rows  of  rivets  on  each  side  of  splice,  Oo« 

StUreaers.  Generally  required  at  ends  and  at  points  of  coneentmted 
load.  Intermediate  eUffeners  required  usually  when  unsupported  distaaee 
between  flange  angles  exceeds  60  to  60  X  web  thicka«s8;  wbe^  shear  «x- 

«reds  10,000  — 76  Xii—^.  C;  in  hi(^way  bridges  when  efaear  nmUs 
tnioknesA 

12,600- WX  n^—  .C«l  when  shear  exceeds  gO'OQOxm^^^^ 
thiokness  -    ,        d* 


w^  thickness,  d  *-  distance  betwera  flanges,  O0( 


3,000  i* 


Spacing  usually  —  deptii,  or  —  6  or^  1.. 

Unit  stress,  max,  10,000  —  46  ~,  C ;  in  highway  brid^M.  12,000  --*  W  p 

where  1  *  length  o^  stiifener,  r  —  its  least  radius  ofjnrration,  Ce« 

Dimensions  of  angles  usually  3^X3XAto6X3}Xl* 

Flaiilpas* 

Unbraced  iength  of  flange  (eomm^eesion  flaofle,  C»  P)  uuol  •^  13  X  wiiklk* 
B»  P«  K»  Ts  if  X  width.  A»  C,  C«i  20  X  widOi.  D;  in  Midway  bridget^ 
-   60  X  width,  Aa,  -  26  X  width,  Oo. 

Comp.  flange  has  same  gross  area  as  tension  flange.  A,  Aa,  B,C,Cc,Oo.  P. 

Cover  plates  must  not  extend  more  thaA  6  ins.  or  8  X  thickness  of  nrst 

eite,  beyond  ovter  line  of  rivets,  A#  An*  C.  Cf*  If  «f  waequal  tbi«k9e«%  ^le 
attest  plates  are  next  the  angles,  and  the  ligbtest  outside*  A»  Aa*  Jl»  C, 
Cfi,  T«  Ond  must  extend  full  length  of  girder,  B,  E.  Others  musi  be  long 
•fiDugti  to  take  2  extra  rows  of  rivets  at  eaeh  end,  C,  P* 

Bractbg*  Biveiinf ,  BearlngB.  See  Braeiag,  Riveted  J^ints^  and  Bear- 
faigs,  below. 

Baam  Gir4en. 

Beams  ih  gronpi  of  2»  3  or  4  for  ea«h  rail,  10*ineh  ehannel  separtttora,  about 
3  ft  apart,  riveted  to  webs,  B* 

Bracing. 

Oomposed  of  rigid  members,  riveted,  A«  Aa,  C,  C«,  T|  mfmben  inlar«> 
■eet  eaeh  other,  and  other  members  to  whicA  they  are  eonnected.  on  eanuaoB 
center  lines,  passing  through  all  eenters  of  gravity.  Attachments  riveted 
symmetrically  in  alldireetioBB,  T. 

For  Beam  Glrdera.    Tea-inoh  ehannel  strut  at  each  end;  witb  2  or  3 
beams,  angle  bracmg  between  girders;  with  4  beams,  angle  struts  about  6  H 
apart.    Connections  to  have  at  least  3  rivets,  B« 
Lateral. 

B,  in  through  spaas«  Top  bfaomg*  portal  stmts  at  ends;  intermediate 
■trutsasdeepasttieefaords!  single  ani^.  3i  X  HX  f,  intersecting  in  each 
panel,  for  single  track;  double  angles,  latticed,  for  double  track. 

B,  in  through  spans,  bottom  braeing;  end  bottom  strut  and  intermediate 
angles,  riveted  to  each  other  and  to  stringers  at  each  intersection.  Not  lees 
than  4  rivets  at  eacifh  intersection  and  at  eaeh  end  connection. 

B,  in  deck  bridges,  oomplete  upper  and  lower  systems  at  eaeh  panel. 

Oo,  bottom  end  stmts  in  all  spans,  whether  deck  or  through. 

T,  ton  and  bottom  lateral  bracing  in  all  deok  bridges  and  in  att  thro«igh 

idges  having  sufficient  head  room. ,  X«wer  lateral  bracing  in  aU  througb 
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e,  gtn'l;  Om,  Osb'n;  P,  Pa;  B,  BM'g;  T,  NYC;  As,  Co,  Oo,  H«ittair. 

bridges.    Upper  system  in  all  stringers  framed  between  and  riveted  to  ioot 
beams  where  length  of  stringers  exceeds  15  times  width  of  stringer  flange. 

T»  in  deck  bridges  without  metal  floor  system,  upper  bracing  of  crossHstruts 
at  each  panel  point,  composed  of  4  angles  latticed,  with  same  depth  as  upper 
chord:  stiff  diagcmals  intersecting  in  each  panel  and  riveted  to  each  other 
at  each  intersection. 

For  Plate  Girdefv.   ^  ,      . 

Deck.     Between  upper  flanges,  an^es  with  at  least  4  nvets  at  connections. 

I'hrough;  lower  lateral  bracing  of  anji^es,  intersecting  in  each  panel,  riveted 

to  each  other  ana  to  stringers  at  each  intersection,  B* 
Lateral  bracing  angles  gefieraliy  of  same  size  as  those  in  stiffeners,  ]|« 
Ce>  ia  hic^way  bridges,  a  buckle  plate  floor  pay  be  considered  as  the  x«« 

quired  sjrstam  of  lateraTbraeiag  at  the  floor  level. 

Sway  (diagonal,  cross,  vibration  or  wind)  and  Portal. 

Proportioned  to  resist  unequal  loading  of  trusses  in  double  track  spans,  E* 
B;  end  sway  bracing  to  transmit  all  horisontal  forces  to  abutment.  E;  to 
eany  half  the  ma:^  stress  increment  due  to  wind  &  oentrif.  force.  A,  A*,  B,  P« 

In  deck  spans,  at  each  panel  point,  A.  A».  D,  B,  P,  B,  T. 

Overhead  bracing  in  tkrous^  spans  whose  depth  exoeeds  26  ft,  C»  D»  P» 
Tt  ki  highway  bridgee,  20 ft,  Cet  25  ft,  Oo. 

in  pony  trusses  and  through  plate  girders,  at  ends  and  at  eadi  floor  beana 
or  mm  strut.  A,  A».  B»  at  every  panel  point,  P.     ^       , 

la  through  and  half  through  plate  girders,  at  each  floor  beam  and  at  eao» 
end,  or,  if  there  is  a  solid  floor,  not  over  8  ft  apart.  T« 

In  deck  plate  girders,  rigic}  cross  frames  at  ends  and  max  20  ft  apart,  Tt 
sway  frames  of  at  least  4  angles  at  ends  and  at  points  12  to  14  ft  apart,  Bt 
through,  not  more  than  12  X  flange  width  along  top  flange,  B. 

Blveted  Joints. 

BlTet  Holes.     In  I  beams,  must  be  drilled,  B. 

May  be  punched;  in  steel  not  over  i  to  i  inch  thick,  Q. 

Sub-puiichecionifr-eighth  of  an  inch  smaller,  and  reamed  to  one-sixteenth 
of  an  inoh  larger,  than  rivet,  in  steel  over  flve-eighths  to  thre*-fourths  of  an 
inch  thick;  ia  connections  fof  floor  beams  and  stringers  to  main  trusses  or 
girders,  £• 

No  drifting  allowed,  A,  B,  C,  D,  E,  B. 

No  interchange  of  pieces  after  reaming,  D«  P. 

Hole  larger  than  rivet  by  one-sixteenth  of  an  inch,  Q, 

Die  larger  than  punch  bv  max  one-sixteenth  of  an  inch,  O. 

Distance  from  edge  of  plate  to  center  of  rivet.  Min,  1.25  to  1.5  ins,  or  1.5 
to  2  diams  of  nvet.    Max,  4  to  5  ins,  or  8  X  thickness  of  plate,  O. 

Pitch      Min  —  3  X  diam  of  rivet,  general:  preferably  4  X  diam,  Oo. 

Max  pitch  in  line  of  stress,  5  to  0  ins,  or  lo  X  thickness  of  thinnest  outside 
plate  connected;  normal  to  stress,  30  to  50  X  thickness  of  thinnest  outsido 
plate  connected.  At  ends  of  compression  members  (or  of  built  members  in 
tension,  B) ;  for  a  length  of  1.5  to  2  X  width  or  depth  of  member,  3.5  to  4  X 
diam  of  rivet,  G. 

In  plate  girders,  for  rivets  oonneeting  web  to  a  top  flange  supporting  the 
track,  max  •"  3  ins,  B. 

Bivets.  Diam  generally  three-fourths  or  seven-eighths  inch.  Heads 
hemispherical,  O.    Height  of  head,  min  —  0.6  diam,  B.    . 

Driving.  Avoid  hand  riveting.  Machines,  direct-acting,  worked  by 
steam,  hydraulic  pressure  or  compressed  air,  capable  of  maintaining  applied 
pressure  after  upsetting,  G. 

Floor. 

Floor  Beams.  Depth,  min,  «-  i  X  length,  Y.  In  railroad  bridges  and 
important  highway  bridges,  riveted  to  posts  of  trusses  or  to  webs  of  plate 
girders,  G.  Given  also  a  bearing  on  lower  flange  of  girder  or  on  a  bracket, 
G.     In  default  of  such  bearing,  increase  number  of  rivets  by  25  per  cent,  B. 

Hangers,  when  permitted,  not  adjustable.  C,  Co.  Hangers  made  of  plates 
or  shapes,  Oo. 

Stringers.    Depth,  mhi,  •■  i  X  length,  ¥•    In  highway  bridges,  Classee 
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A,  Aa,  Am  B  Co;  B,  B  &  O;  C,  Cc,  <:kK>per;  D,  D  L  &W;B,  Erie; 

Al  and  A2,  of  steel;  Classes  B,  C,  and  E,  traek  stringers  of  steel;  Class  D,  of 
wood  or  steel,  Cc.  In  railroad  bridges,  and  preferably  in  highway  bridges, 
riveted  to  webs  of  floor  beams  and  supported  by  their  flanges  or  by  brackets, 

B,  B.  Value  of  this  bearing  neglected  in  determining  number  of  rivets 
required,  B. 

Spacing,  cen  to  cen,  6  ft,  6  ins,  A,  B,  C,  D,  Y;  5  ft,  E;  double  track, 
through,  generally  6  ft,  B;  single  track,  8  ft,  B. 

Trough  Floors.  Troughs  rectangular,  built  of  plates  and  angles,  and 
riveted  to  main  girders  or  trusses  by  angles,  and,  when  practicable,  by  bracket 
angles  under  the  lower  horizontal  plates.  Gusset  plates  riveted  to  girders 
and  troughs  at  distances  of  not  over  8  ft,  T. 

Bottom  filled  with  a  binder  composed  of  1  cu  ft  of  clean,  shari>  gravel, 
screened  to  one-fourth  of  an  inch,  to  1^  gallons  of  No.  4  asphalt  paving  com- 
position or  enough  to' fill  voids.  Gravel  first  heated  to  300°  F  and  the  whole 
mixed  at  that  temperature,  Y. 

Wooden  Floor.     Continued  over  abutments,  A,  B,  C,  B. 

Ties  or  Floor  Beams.     Long  leaf  yellow  pine  or  white  oak,  G. 

Width,  8  ins,  A,  B ;  9  ins.  B. 

Depth,  8  ins,  for  7  ft  span  of  tie,  to  14  ins  for  12  ft,  B  ;  12  ins,  B  f  10  ins,  T. 

Notched  down  one-half  of  an  inch ;  max  1^  ins,  B. 

Spacing.  Usually  6  ins  clear;  16  ins  cen  to  cen,  B.  Every  3d,  4th,  or 
5th  tie  fastened  to  stringer  by  i  inch  bolt  or  lag  screw,  G. 

Wooden  Joists  in  Highway  Bridges.  Width,  min  3  ins  or  0.25  X 
depth ;  spacing,  max,  2  to  2.5  ft.  Ends  of  joists  lap  past  each  other  at  bear- 
ings on  floor  beams,  with  0.5  inch  space  between  tnem  for  circulation  of  air. 

Wooden  Floor  Beams  for  Electric  Bailroad  Bridges,  Classes  El 
and  E2  Min  6X6  ins,  spacing  max  6  ins,  notched  down  one-half  of  an  inch 
and  secured  to  girders  by  three-fourths-inch  bolts  not  more  than  6  ft  apart. 
From  center  of  span  toward  end,  so  notched  (Cc)  as  to  reduce  camber. 

Guard  Bails.  6X8  ins,  yellow  or  white  pine,  G .  Inner  face  not  less  than 
3  ft  3  ins  from  center  of  track,  A;  3  ft  7i  ins,  B;  5  ft  4  ins,  Y;  7  ft  li  ins 
apart,  clear,  B.  Notched  i  to  li^  ins  over  ties,  G.  Fastened  to  every 
3d  or  4th  tie  (to  each  tie,  B)  and  at  splices  by  three-fourth-ioch  bolt  or  k^ 
screw,  G.     Splices  over  floor  timbers,  with  half-and-half  joints  of  6  ins  lap,  G. 

Wheel  Guards  and  Curbs  in  Highway  Bridges.  Wheel  guards 
6X4  ins,  blocked  up  from  floor  plank  by  blocks  2X6  ins,  12  ins  long,  not 
more  than  5  ft  apart,  bolted  to  stringers  through  blocking  pieces,  three- 
fourths-inch  bolts,  G.  In  electric  railroad  bridges  (Cc,  Class  E)  guard 
timbers  min  5X7  ins,  notched  1  inch  over  floor  timber  and  secured  by  three- 
fourths-inch  bolt  to  every  third  floor  timber  and  at  each  splice. 

Buckle  Plates.  Min  five-sixteenths  of  an  inch  thick  for  roadway,  one- 
fourth  of  an  inch  for  footwalk,  crown  2  ins,  for  widths  of  4  ft  under  roadway, 
5  ft  under  footwalks.  Preferably  in  continuous  sheets  of  panel  lengths. 
May  be  pressed  or  formed  without  heating. 

Bearings  on  Abutments  and  Piers. 

Permissible  load  on  masonry  foundations,  max,  poimds  per  sq  inch. 
400,  A,  Aa,  P;  300,  B;  250,  C,  Cc,  D,  E,  B;  dead  load,  500  {  Uve  load, 
260.  Y. 

Bed  Plates.  Of  medium  steel,  C,  Cc.  Min  thickness,  three-fourths  to 
1  inch ;  in  highway  bridges,  one-half  of  an  inch.  Max  fiber  stress  12,000  lbs 
per  sq  inch,  E. 

Where  ends  of  two  spans  rest  on  one  pier,  spans  are  tied  together,  or  have 
bed  plate,  three-eighths  to  three-fourths  of  an  inch  thick,  continuous  under 
both.  G.  .     .     , 

Sheet  lead,  one-eighth  to  one-fourth  of  an  inch  thick,  between  bed  plate 
and  masonry,  G.  #  j     .  . 

Anchor  bolts,  1  to  1.25  ins  diam,  9  to  12  ins  in  masonry,  G?  fastened  with 
sulphur,  B;  with  cement,  C,  Cc,  Y. 

Pedestals.  Of  riveted  plates  and  angles,  C;  or  cast  steel,  Y.  Base 
plate  and  connecting  angles,  min  three-fourths  to  seven-eighths  of  an  inch 
thick.  B,  C,  Y.     2  rows  of  rivets  in  vertical  legs,  C,  Y. 
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O,  gen'l;  Oo,  Of^'n;  P,  Pa;  B,  R'd'g;  Y,  N  YC;  Aa,  Co,  Oa,  H'way. 

Expanaloti  Bearings.  Provide  for  temperature  range  of  150''  F,  A,  C, 
E»  P»  Ji»  for  expansion  of  1  inch  in  100  ft,  D,  Y. 

One  end  sliding,  usually  in  spans  less  than  60  to  90  ft,  G. 

One  end  on  f notion  rollers  usually  in  longer  spans,  6;  in  all  trusses,  Y« 

Hinged  bolster  at  each  end,  in  spans  from  80  to  100  ft,  G. 

Rollers  rest  on  bars  3X1  inch,  spaeed  2  ins  and  riveted  to  bed  plate,  B. 
Free  ends  anchored  against  lifting  and  against  moving  sideways,  €•  Y. 

Rollers.  Of  machinery  steel,  C,  Cc.  Min  diam,  3  to  4  ins,  A,  B,  D,  E,  P, 
B|  3  ins  up  to  100  ft  span,  1  inch  for  each  additional  100  ft,  C,  Y.  Max 
pressure  on  rollers,  in  lbs  per  linear  inch,  700  Kd.  B»  1200  |/d.  A,  B»  P} 
300  d,  C,  D»  E ;  600  d,  Go ;  d  —  roller  diam,  ins.     Length,  ins,  —  900  j/d,  Y. 

n.  MATEBIAX. 

Boiled  and  Cast  Steel  and  Iron. 

BoUed  steel  in  superstructures  in  general. 

Cast  steel  in  bed  plates  in  special  cases,  in  machinery  of  movable  bridges. 

Boiled  iron  in  loop*welded  rods,  P }  in  laterals  and  unimportant  mem- 
bers, B* 

Cast  iron  in  bed  plates  in  special  cases  and  !n  machinery  ef  movable 
bridges. 

Boiled  Steel,  Grades. 

Sikft*     In  general,  in  all  principal  parts. 

Medium.  In  pins,  friction  rollers,  lateral  bolts,  bearing  plates,  esre-bars, 
diding  plates  and  bed  plates;  permissibly  (C)  in  compression  m  chords, 
posts,  and  pedestals. 

Bivet.     In  rivets. 

Machinery.     In  expansion  rollers,  C. 

Boiled  Steel.    Manufacture. 

Q3ee  also  Digest  of  Specifications  of  Internat'l  Ass'n  for  Testing  Mat«rlals.) 

All  to  be  made  by  open-hearth  process. 

Slabs  for  rolling  plates  are  hammered  or  rolled  from  ingots  of  at  least  twice 
their  cross-section,  A,  B. 

Plates  up  to  36  ins  wide  rolled  in  universal  mill,  I>,  B{  or  have  edges 
planed,  D. 

Boiled  Steel.     Manipulation. 

Anneiding.  Eye>bars  heated  to  uniform  dark  red  and  allowed  to  oool 
slowly,  P)  members  worked  at  blue  heat  are  heated  to  a  uniform  bright  red 
(not  exposed  to  direct  flame)  and  allowed  to  cool  slowly,  B. 

Steel  must  not  be  welded,  B.     No  reliance  upon  welded  steel,  C. 

No  work  put  upon  steel  at  or  near  blue  heat,  or  between  boiling-point  and 
point  of  igmtion  of  hardwood  sawdtist,  C. 

Boiled  Steel.    Shop  Work. 

Sheared  edges  of  steel  thicker  than  five-eiffhths  inch  shall  be  planed,  B. 

All  shearededges  (in  medium  steel,  D)  shall  be  planed  off  to  a  depth  of 
0.25  inch,  D»  Y;  except  web  plates  of  girders  over  36  ins  deep  when  coveYed 
by  flange  plates,  and  fillers  where  sheared  edges  are  not  seen,  D.  Grinding 
not  accepted  as  equivalent  of  planing,  except  for  lattice  bars,  Y. 

No  sharp  or  imfilleted  re-entrant  comers  permitted,  D,  Y.  Where  a 
plate,  angle  or  shape  has  been  cut  into,  the  fillet,  as  well  as  the  cut^  must  be 
finished  with  sharp  cutting  tool,  or  with  chisel  and  file,  so  that  no  sign  of  the 
punched  or  sheared  edge  remains,  D. 

Angles  or  bent  plates,  used  as  end  connections  on  girders,  floor  beams  or 
stringers,  must  be  accurately  fitted,  so  that  when  the  member  is  milled  to 
length  not  more  than  one-sixteenth  of  an  inch  will  be  taken  off  these  connec- 
tions at  their  roots,  D. 

Material  bent  by  pimching  must  be  straightened  before  bolting  up,  B* 
Web  plates,  if  buckled,  must  oe  cold-rolled  to  remove  the  buckles,  U. 

Sphced  chord  sections  must  be  assembled  and  strung  out  in  shop  in  lengths 
of  not  less  than  three  sections,  and,  after  being  drawn  up  into  contact  at 
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joints  aad  lined  up  with  splkse  platei  in  pUo«.  the  field  vivet  holee  ihall  be 
reamed  to  a  tit  before  taking  apart,  and  the  assembled  parts,  with  their  spUoe 
plates,  match-marked,  D. 

Riveted  mambeis  must  have  all  parts  pinned  up  and  drawn  together  before 
riveting  up,  D. 

In  cases  of  skew  work,  or  of  complicated  eoanections,  or  of  a  large  number 
of  pieces  ef  one  and  the  saase  kind,  the  work  shall  be  set  op  and  fitted  to- 
gether in  the  shop,  sufficiently  to  insure  against  any  misfit,  D. 

Abutting  surfaces  at  ends  of  sections  m  compression  members,  and  ends 
of  members  to  be  framed  together,  are  usually  required  to  be  faeed. 

Rolled  Steel.    Bequirements. 
See  also  Digest  of  Specifications  of  International  Association  for  Testing 
Materials. 

TBNSILE  TESTS. 

Specimens  of  Medium,  Soft  and  Rivet  Steel.    For  teets  of  full  sise  eye-burs 
see  below. 
UHiinate  StMStb,  u,  and  Elastic  Limit,  el,  in  thousands  ef  lbs  per  sq 
inch.     Elongation,  s  (stretch),  and  reduction  of  area,  a,  in  percentages  of 


original  dimensions. 


ion  measured  in  ^  leBvtl^  of  8ial. 


Medium  or 
••Pin"  Steel. 

Softer  "Bridge" 

R»vet  Steel. 

u 
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22 
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26 
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22 
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45 
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85 

22 
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32 

25 
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i 
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33 

17 

40 
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28 

25 

50 
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56 
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20 
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0.6    u 

25 

48-56 

28 

2a 

•  • 

T.... 

62-70 

e.6u 

25  46 

50-64 

26 

so 

48-56 

•• 

28 

Sfi 

Specimens  from  metal  over  five-eighths  of  an  inch  thick,  el  -■  0.06  u,  T. 
'*    eye-bars,  same  requirements  as  for  medium  steel.  !>• 
•*  "  ••        u  -  637b. 

••  "  "        over  i  .5  ins  thick,  deduct  from  el  1  for  each  on^ 

eighth  of  an  inch ;  el,  min  -■  20,  G. 
••••••         and  pins  u  -  62-70,  1  •<>  0.6  u,  s  -  26.  a  - 

••  ••  pins,  s  -  15.  C,  Cc. 

••  "        "    (medium,  SOTt  or  rivet)  s,  5  per  cent  less.  A, 

••  •♦        "    (soft)  s  -  20.  B. 

"  "       "    and  rollers,  s  -  10.  D, 

•♦  ••  rollers  and  bearing  plates,  u  —  70-78,  s  —  22,  T# 

BUNDIKO  TBSTB. 

In  meditun  steel,  specimen  to  bend  through  an  angle  of  180*  around  a  bar 
of  diam  •-  1  to  li  X  thickness  of  specimen,  without  showing  fracture  on 
outside  of  bend;  in  soft  and  rivet  steel,  to  bend  fiat  upon  itself. 

NICKING  TEST. 

When  nicked  and  bent  around  a  bar  of  diam  •■  thickness  of  rod,  rivet 
steel  shall  show  a  gradual  break  and  a  fine,  silky,  homogeneous  fracture,  IK 


Center  of  hole  as  in  ordinary  praetiee.  or  1.5  to  1.87  ins  or  2  diams  front 
edge  of  plate;  enlarge  to  1.25  to  1.50  diam,  G. 
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G,  gen'l;  Oo,  Osb'nr;  P,P»;  B,R'd'g;  Y,  N  YC;  Aa,  Cc,  Oo,  H'way. 

ANGLB   TK0T. 

Allies  of  all  thicknesses  must  open  flat.  Anglee  not  over  one-half  of  an 
inch  thick  must  bend  shut,  cold,  under  hammer  dIows  without  sign  of  frac- 
ture. B. 

TEST   PIECES. 

Minimum  section,  usually  one-half  sq  inch.  Length,  min,  8  to  12  ins. 
Tests  are  usually  required  for  each  melt  or  blow, 

TESTS   OF   FULL    SIZE    ETB-BAR8. 

Ultimate  lbs  per  Elastic  limit  lbs  per 

sq  inch                                sq  inch                Elongation  per  cent 
min                                      min  min 

A    A«             J  5,000  less  than )  lo  u  *  i 

A,  Aa IsmaU  specimen/ 10  between  necks 

« ^•«» °S"i* {lg^j;^ssls| 

C,  Cc 66,000 10 betweennecks 

D    58,000 30,000 12inl0ft 

Oo  * !  *. '.  *.  *. '. ".  *  '55SXKi  .*  * .' .'  .*  * .'  .*  .* .'  * .' .' .' .'  .*  .*  *  * .'  .* .'  .* .'  .*  .*  .*  *  12.5  in  15  ft 
P 48,000 27,000 14T  in  10  ft 

f  58,000  * )                        «  J.  „i.  f  13  between  necks 

B    ^56,000t; "•^"^* 1 10  between  necks 

(48.000 1 27,000 15  between  necks 

Y    58.000 33,000 10  in  20  ft 

In  general  not  over  4  per  cent  of  total  number  of  bars  in  bridge  will  be 
tested,  B ;  at  least  4  per  cent,  ai^d  not  less  than  3  bars,  B. 

75  per  cent  of  fjacture  must  be  silky,  the  remainder  fine  granular,  B. 
Break  in  head  shall  not  be  cause  for  rejection — 

(a)  if  bar  develops  10  per  cent  elongation  (12.5  per  cent  in  15  ft,  Oo)  and 
the  reouired  ultimate  strength  (ultimate  56,000,  C,  55,000,  Oo)  and  if  not 
more  than  one-third  of  all  the  bars  tested  break  in  the  head,  A,  C,  Oo, 

(b)  if  bar  stretches  JA  per  cent  and  if  a  second  bar  breaks  in  body  and  the 
average  stretch  of  the  two  bars  is  not  less  than  16  per  cent,  P. 

Company  pays  for  bars  which  meet  requirements,  less  scrap  value,  6. 

TESTS   OF   COMPLETED  STRUCTURE. 

Specified  loads,  or  their  equivalent,  passed  over  structure  (in  railroad 
bridges  at  a  speed  of  not  over  60  miles  per  hour,  and  brought  to  a  stop  at  any 
point  by  means  of  air  or  other  brakes)  or  maximum  loaa  rested  upon  struc- 
ture for  12  hours.  After  test,  structure  must  return  to  its  original  position 
and  must  show  no  permanent  change  in  any  part,  C* 

COMPOSITION. 

Phosphorus,  max  percentage. 

In  acid  steel,  0.06  to  0.08;  in  basic  steel,  0.04  to  0.06;  in  castings  0.08. 

Sulphur,  max  percentage,  0.04  to  0.06. 

MAXIMUM    PERMISSIBLE    VARIATION    FROM     SPECIFIED    CROSS-SECTION 
OR    WEIGHT. 

2.5  per  cent,  G,  except  in  extra  wide  plates,  D.  Oo,  P. 

In  plates  over  4a)  ins  wide,  in  proportion  to  width,  up  to  5  per  cent  in  plates 
90  ins  or  wider,  D. 

1 .5  per  cent ;  where  plates  36  ins  and  wider  form  40  per  cent  of  total,  2  per 
cent  in  excess,  Y. 

Long  plates,  ^  inch  out  of  line  in  20  ft,  \  inch  in  40  ft,  B. 

Shapes  or  plates,  3  per  cent  short  in  tnickness ;  plates  80  ins  wide,  5  per 
cent,  B. 

*  t  Medium  steel.  *  Bars  not  over  10  sq  ins.  1 20  sq  ins.  Proportional 
values  for  intermediate  areas,  t  Soft  steel.  J  In  bars  not  longer  than  20 
ft  between  necks.     ||  In  bars  longer  than  20  ft  between  necks.^   Olax,  16. 
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A»  Aa,  Am  B  Ck);  B,  B   &  O;   C,  Gc,  Cooper;  D»  D  L  &W;  E,  Erie; 

Steel  Castings. 
Manufacture.     Open  hearth,  A,  Aa,  D,  P,  T|  acid,  T;  annealed,  P» 
B»  Y.     Carbon,  per  cent,  0.26  to  0.40,  6. 
Phosphorus,  per  cent,  max,  0.08,  B,  Y. 

TBNBILB    TESTS. 


C,  D,E,P,  B.. 


Size  of 

test  piece, 

ins. 


M  square 

or 
i  roimd 

{i  round 
about  6 
long 


Ultimate 
strength, 
lbs  per  sq 
inch,  min. 


Elastic 

limit, 

tbs  per  sq 

inch,  min. 


83,0001 

or 
0.5  ult  J 


0.5  ult 


Elonga- 
tion 
per  cent, 
m  2  ins 


10  to  16 
20 
15 


Reduc- 
tion 
of  area 
per  cent. 


20,   P 


25 


BBin>nro  test. 

Y  (a),  for  general  purposes,  bed  plates,  pedestals,  etc.,  to  bend  90**,  to  a 
radius  —  diameter  of  test  piece. 

Y  (b),  for  drawbridge  rollers,  etc. 

Boiled  Iron. 
Requirements  in  Osbom's  specification  for  highway  bridges,  Oo.  Made 
from  puddled  iron  or  rolled  from  fagots  or  piles  of  No.  1  wrought  iron  scrap, 
alone  or  with  muck  bar.  Tensile  strength,  min,  48,000  lbs  per  sq  inch  (60.- 
000,  B) ;  yield  point,  25,000  lbs  per  sq  mch  (26.000,  B) ;  elongation,  20  per 
cent  in  8  ins ;  in  sectiono  weighing  less  than  0.664  lb  per  lineal  ft,  16  per  cent. 
Specimens  cut  from  bar  as  rolled  must  bend  through  an  angle  of  180'  imder  a 
succession  of  light  blows;  when  nicked  and  bent,  fracture  shall  be  generally 
fibrous  and  free  from  coarse  crystalline  spots:  not  over  10  per  cent  of  the 
fractured  surface  .^hall  be  granular;  specimens  neated  bright  red  shall  bend 
through  an  angle  of  180°  under  a  succession  of  light  blows  not  delivered 
directly  on  the  bend;  must  not  show  red-shortness.  In  flat  and  square 
bars,  one-thirtv-second  of  an  inch,  in  round  iron  0.01  inch,  variation  either 
way  in  sise  will  be  allowed,  Oo. 

Cast   Iron. 

Tough  gray  iron,  A.  D,  E,  B ;  unless  otherwise  specified,  A.  B. 

Transverse  strength.  Bar  1  inch  square,  12  ins  span,  to  bear  2,600  lbs, 
center  load.  Must  deflect  0.16  inch  before  rupture,  6.  Bar  1  inch  square, 
4.5  ft  span,  to  bear  600  lbs  center  load,  E,  B. 


Phosphor  Bronie. 

1  inch  cube,  imder  compression,  elastic  limit,  20,0(X)  lbs. 
lbs,  permanent  set  max  one-sixteenth  of  an  inch,  B. 


Under  100,000 


Timber. 

Sap  wood  not  allowed  in  more  than  10  per  cent  of  the  pieces  of  one  kind, 
an<^l  no  piece  will  be  accepted  showing  sap  covering  more  than  0.26  X  the 
width  of  the  piece  on  any  face  at  any  point,  or  more  than  half  the  thickness 
of  any  plank  at  its  edge,  at  any  point,  Oo.  ^  t 
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O,  genl;  Oo,  Oab'n;  F,  P»;  B,  R'd'g;  Y,  N  YC;  Aa,  Cc,  Oo,  H'way. 

m.  LOADS. 
1.  Vertical  Loads. 

(Dead  and  Live  Loads  and  Impact.) 
Dead  Loads  In  Steam  Ballroad  Bridges. 
Dead  load  -■  weight  of  metal  +  n  lbs  per  lineal  ft  of  track,  C,  D»  E,  B>  Y. 
n  =•  400,  C,  D,  E|  n  -  600,   B t  n  =  620,  Y. 

Timber  taken  at  4.5  lbs  per  ft,  B.M.,  6.     Ballast,  110  lbs  per  cu  ft,  C. 
Rails,  splices,  and  Joints  taken  at  100  lbs  per  lineal  ft  of  track,  A,  B,  C. 
Rails,  splices,  guard  rails,  etc.,  at  160  lbs  per  lineal  foot  of  track,  P. 
Two-thirds  of  dead  load  assumed  to  be  carried  by  loaded  chord,  Y;  in 
spans  less  than  300  ft,  B  |  in  longer  spans  calculate  distribution,  B. 

Dead  Loads-ln  Highway  and  Electric  Ballroad  Bridges. 

Iron,  3.33  lbs  per  lineal  ft  of  bar  1  sq  inch  area,  Oo. 

Steel,  3.40  "     "        "      "    **    **    1  sq  inch  area,  Oo. 

Timber  per  ft  board  measure,  4,  Aa;  creosoted,  5,  Oo;  oak,  4.5,  Cc,  Oo{ 
other  hard  woods,  4.6,  Cc;  yellow  pine,  4,  Oo;  spruce  and  white  nine,  3.5, 
Cct  white  pine  and  cedar,  3,  Oo. 

Concrete,  etc.,  lbs  per  cu  ft,  130,  Aa;  stone  concrete,  125,  Oo;  cinder 
concrete,  100,  Oo.     Stone,  150,  Oo,  granite,  160,  Aa. 

Brick,  150,  Aa;  125,  Oo;  sand,  100,  Oo.     Asphalt,  130,  Aa;  90,  Oo. 

Rails,  fastenings,  splices  and  guard  timbers,  100  lbs  per  lin  ft  of  track,  Aa. 

Live  Loads  for  Steam  Ballroad  Bridges. 

THEODORE  COOPER'S  STANDARD  LOADING.* 


b 


d  d  d  d 

nnno 


Truck 

(bogie) 

Claas 

b 

E  27 

13,500 

E  30 

15,000 

E  35 

17,500 

E  40 

20,000 

E  50  • 

25,000 

Fig.  1. 

TWO   CONSOLIDATION    LOCOMOnVBS,    WITH   THEIK  TENDERS  AND    TRAINS. 

Load  in  lbs  on  one  pair  of  wheels  Train 

for  each  track.  load, 
lbs  per 

Driver  Tender  lin  It. 

d  t  U 

27,000  17,660  2,700 

30.000  19,500  3.000 

35,000  22,750  3.500 

40,000  26,000  4,000 

60,000  32,500  5,000 

A,  adopts  Cooper's  loading.     See  C,  above. 

B,  Cooper's  Class  E  50,  unless  otherwise  specified. 

D,  E,P,B,  Loads  and  spaces  differing  slightly  from  Cooper's. 
Y,  Cooper's  Class  E  40. 

*  In  Mr.  Cooper's  system  of  standard  loading,  the  No.  (27  to  50)  follow- 
ing the  letter  E  in  the  class  designation  gives  the  load,  a,  on  one  pair  of 

40 
drivers,  in  thousands  of  pounds.     In  each  class,  d  —  2b—  t^^t  —  10  U. 

2d 
Since  these  ratios  are  constant  for  all  classes,  the  stresses  due  to  any  class  are 
prop<»rtional  to  the  number  of  the  class.    The  cost  and  weight  of  metal,  in 
Dridges  of  all  kinds,  bidlt  under  C  specifications,  will  be,  in  each  class,  about 
10  per  cent  greater  than  in  the  class  next  lighter.  ^^  , 
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A»  Aa,  Am  B  Co;  B,  B  <&  O;   C,  Cc,  Cooper;  D,  D  L  <&  W;  E,  £ri*{ 

ALTEBNATITB   LOAOINOS.    * 

Use  Fig.  1  or  the  alternative,  whichever  gives  the  greater  stresses. 
WW  WW 

QXl       9    P.O. 9 

Figs.  2  and  3. 

Load  on  one  pair  of  wheels, 
(d   -  6  ft;  W  -  W  -  50,000  lbs,  Above  E  40,  60,000  lbs.  C. 
Fig.  2.^  d   -  7  ft;  W  -  W  -  65,000  lbs,  D. 

id   -  7  ft;  W  -  W  -  60,000  lbs;  L  -  4,600,  Y. 


TTJo.  Q  J  di  -  9  ft ;  W  =  W  -  66,000  lbs       )     « 
'^•^tda  -  ds- 7  ft;  w  -  w  -  30,000  Ibsf    *' 


Add  30  per  cent  in  figuring  floor  beams,  stringers,  hangar,  suspenders, 
and  other  floor  connections.  Add  0  to  30  per  cent  for  spans  from  100  ft 
down  to*  26  ft,  D. 

ON   CITRTES. 

Distribution  of  live  load  between  the  two  trusses. 

W  —  P  — ij  J- — ;  where  W  —  proportion  of  live  load  borne  by  the  outer 

truss;  P  >"  live  load  at  panel  considered;  m   »  middle  ordinate  of  entire 
curve  on  span ;  b  «*  dist  betw  cens  of  trusses.   Make  both  trusses  alike,  B«  T. 

SPECIAL  LOAMNCH. 

For  rivets  connecting  upper  flange  angles  with  web  in  deck  girders  carrying 
the  floor  directly  on  the  top  flanges,  and  in  deck  spans  with  wooden  floor 
beams,  when  distance  between  trusses  exceeds  6  ft,  60,000  lbs  on  one  pair  of 
drivers,  distributed  equally  over  three  ties  or  floor  b^Etms,  P. 

For  floors,  the  load  on  a  single  pair  of  engine  wheels  distributed  over  4 
ties,  B;  over  3  ties,  C.  For  trough  floors,  60,000  lbs  on  one  pair  of  wheels, 
distributed  over  two  troughs,  T. 

THREE-TRUSS    BRIDGES. 

In  double-track  deck  spans,  all  three  trusses  of  equal  stren^^th,  C* 
In  plate  girder  bridges  of  more  than  one  track,  center  girder  flgured  for 
0.75  X    the  live  load,  E, 

FUTURE   INCREASE    OF   LIVE    LOADING. 

Only  70  per  cent  (50  per  cent,  R)  of  the  dead  load  shall  be  considered 
effective  in  counteracting  live  load  stress.  A,  B.     Use  1.5  X  live  load,  E. 


"  That  the  heavier  of  these  engines  (see  *C,*  under  'Standard  Loading,' 
above)  is  close  to  the  possible  maximum,  considering  the  limitations  of  the 
permissible  cross-section  of  existing  railroads  and  the  mechanical  details  of 
design  and  fjroportions,  is  not  improbable.  That  the  economical  tendency 
toward  heavier  and  heavier  engines  will  in  the  near  future  reach  the  heavier 
class  E  50  upon  the  most  important  roads  is  to  be  exoected.  The  cars  will 
also  follow  the  same  tendency  for  many  kinds  of  traffic,  as  experience  jiisti- 
fies  the  advance.  There  are  now  in  use  self-dumping  coal  cars  of  a  nominal 
capacity  of  100,000  i)ounds.  which  have,  on  four  axles,  a  total  load  of  146,000 
pounds  (10  per  cent  increase  over  nominal  capacity)  on  a  wheel  base,  for  two 
adjacent  cars,  of  17  ft,  2  ins.  These  cars  on  all  ordinary  bridges  produce 
strains  equivalent  to  those  of  E  33." — Theodore  Ox)per. 

Members  subject  to  reversal  of  stress  must  be  so  designed  that  a  live  load 
n  per  cent  greater  than  that  specified  shall  not  increase  their  unit  stresses 
more  than  n  per  cent,     n  >-  25,  C;  50,  B|  100,  P. 
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O,  genl;  Oo,  Osb'n;  F,  P*;  S,  R'd'g;  Y,  N  Y  C;  Aa,  Cc,  Oo,  H'way. 


LiTe  Loadg  for  Highway  and  Mectrlc  Bailroad  Bridgeg. 

(Am.  Bri<ige  Co.) 

For  the  Floor  and  its 

For  the  Trusses. 

Supports. 

and 

Uni- 

Per lin  ft  of 

Per  sq  ft  of 

Cc, 

Concentrated. 

form 

single  track. 

remaining  floor. 

(Theo.  Cooper.) 

(c). 

(Proportionally  for  inter- 

Wagon     Car 
(S.          (b) 
on 
each 

mediate  spans.) 

Class.* 

Per 

Spans  Spans 
up  to    200  ft 

Spans     Spans 
up  to      200  ft 

track. 

100  ft      and 

100  ft       and 

tons       tons 

over 
lbs         lbs 

over 
lbs          lbs 

A 

24 

12     or    24 

100 
100 

1,800     1,200 
1,800     1,200 

100            80 

B  

80           60 

C  

12     or    18 

100 

1.200     1,000 

^^80           60 
Up  to 
76  ft 

D 

6 

80 

80            55 

El  

24 

, , 

1.800     1,200 

• .             .  • 

E2 

18 

.. 

1,200     1,000 

.. 

(a)  On  two  axles.  10  ft  cens  (and,  Aa^  5  ft  ntge) :  in  classes  A.  B,  and  C, 
assumed  to  occupy  a  width  of  12  ft  in  smgle  line  (or,  Cg,  22  ft  in  double 
line)  on  any  part  of  the  roadway. 

(b)  On  two  axles,  10  ft  centers. 

(c)  In  classes  A,  a,  and  C.  on  remainder  of  floor,  including  footwalks.  In 
class  D,  on  total  floor,  surface. 

Oo.  Osborn  Engineering  Co.  Highway.  May  specify  any  combination 
of  the  following  lotulings,  according  to  character  of  bridge  and  of  load. 

Uniform  loads,  lbs  per  sq  ft.  For  spans  up  to  150  ft,  100  on  roadway  and 
80  on  sidewalks,  or  80  on  both.     For  spans  over  150  ft,  80  or  60  on  both. 

A  steam  road  roller;  axles  11  ft  apart,  forward  roll  4  ft  face,  two  rear  rolls 
5  ft  cens  and  each  20  ins  face.  15.000  or  9.(XX)  lbs  on  forward  roll  and  10,000 
0-.  6,0(X)  lbs  on  each  rear  roll ; 

A  horse  roller.  12.000  lbs  on  roll,  5  ft  face; 

k  wagon  load,  10,0(X)  lbs  on  two  axles,  8  ft  apart.  5  ft  gage; 

Two  electric  cars  on  each  track ;  Fig.  a. 

A  train  of  electric  cars  on  each  track;  Fig.  b. 

A  train  of  coal  cars  of  60,(XX)  lbs  capacity;  Fig.  c. 


ift«.i         so/too 


^ 


Fig.  a 

I    I 


SOjOOO 


-O- 


>k  y  M 


*GlaBs  A,  city  bridges. 

"     B,  suburban  or  interurban. 
"     C.  heavy  country  highway. 


Class  D,  ordinary  country  highway. 
"    El,  heavy  electric  railway  only. 
"    E2.Ught^eleogyi5g{ayonlv. 
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A,  Aa,  Am  B  Ck);  B,  B  ft  O;   C»  Cc,  Cooper;  ©,  D  L  &  W;  E,  Erie; 

FTTTURB   INCRBABB  OF  LIVB   LOADING.      HICffinTAT. 

In  electric  railroad  bridges.  Class  E,  only  70  per  pent  of  dead  load  stress  to 
be  considered  as  effective  in  counteracting  the  live  load  stress,  Aa.  For 
bridges  carrying  electric  or  motor  cars,  coimters  so  proportioned  that  a 
future  increase  of  25  per  cent  in  the  specified  live  load  shall  not  increase  the 
imit  stress  more  than  25  per  cent,  Cc* 

Impact. 
300 
I  —  S I    .    qnn'  ^^^^  ^  *"  ^P*ct  stress  to  be  added  to  the  live  load  stress; 

S  o"  calculated  max  live  load  stress;  1  —  loigth  in  feet  of  loaded  distance 
which  produces  the  maximum  stress  in  the  member,  A. 

I-  S  (o.l  +  j-^^g).  Mr.  G.  Bouscaren,  C.  E. 

In  Highway  Bridges;  I  =  25  per  cent  of  live  load  stresses  Aai  I  ^  L*  + 
(L  +  D),  where  L  and  D  —  live  and  dead  load  stresses,  Oo« 

9.  Hoiizojital  Forces. 

(Drag;  Centrifugal  and  Wind«) 
(a)  Longitudinal. 

Drag.  In  bridges  for  steam  and  electric  railroads,  provide  for  a  lon^tu- 
dinal  force,  at  the  rails,  =  0.2  of  the  max  live  load.  In  double  track  00 » 
provide  for  tndns  moving  either  way. 

(b)  Transverse. ,  . 

(1)  Centrifugal  Force. 

F  —  centrifugal  force;  W  —  weight  of  train  on  bridge;  d  —  degree  of 
curvature  —  central  angle  subtended  by  a  chord  of  100  ft;  v  —  velocity  in 
miles  per  hour;  c  —  a  coefficient. 

A,  F  -  c  d  W.     For  d  up  to  5**,  c  =  0.03.     Deduct  from  o  0.001  for  each 
degree  over  5**.     Train  on  each  track. 

B,  B,  F  =  0.02  of  the  live  load  for  each  deg  of  curvature.    B,  up  to  6**.    De- 
duct 0.001  for  each  degree  over  5°. 

C,  F,  computed  for  v  —  60  —  3  d  on  steam  railroads,  =  40  on  electric  rail- 

roads; force  acting  5  ft  above  base  of  rail. 

D,  V  -  60. 

E,  F  —  force  due  to  that  imiform  load  which  would  produce  the  max  speci- 
fied live  load  bending  moment  on  span ;  v  —  60. 

Y,  F  -  W  v2  d  -^  85,666.     Up  to  d  -  4^  v  -  60.     For  d  over  4^  v=- 
60  —  2d.      Max  train  load  on  each  track. 

(2)  Wind. 

(a)    ON  RAILROAD   BRIDOBS. 

Wind  pressiu-e,  in  lbs  per  sq  ft,  —  w;  in  lbs  per  lin  ft  —  W, 
w  —  either  30  lbs  per  sq  ft  on  exposed  surface  of  trusses  and  floor  and  on 
that  of  a  train  of  10  ft  average  height,  beginning  30  ins  above  rail  base; 
or  50  lbs  per  sq  ft  on  exposed  surface  of  trusses  and  floor;  whichever 
gives  the  greater  stresses.  A,  P. 
In  truss  spans  over  200  ft  &  m  plate  girders,  w  —  30  lbs  per  soft  of  exposed 
surf  of  1  girder  and  floor,  +  W  on  train  for  lower  chord,  as  below,  B. 
W  —  L  +  U.     L  —  pressure  in  lbs  per  lin  ft  on  loaded  chord,  U  on  un- 
loaded chord.      W  ipcludes  both  wind  on  bridge  and  wind  on  train. 
Wind  on  bridge.     L  «  U  -  15U.  B,  C,*  D,  B;  -  200,  E. 
L  —  200,  on  double  track  300,  acting  8  ft  above  rail  top;)  ^ 
U  —  160,  on  double  track  225,  acting  at  cen  of  chord,         J  *  * 
Wind  on  train.     L  -  300,  B,  D,  B,t  Y;   -  450,  C,t  -  400.  E. 

*In  spans  over  300  ft,  add  to  U  10  lbs  to  each  additional  30  ft,  C« 
tActing  7.5  ft  above  rail,  B. 


jActing  6  ft  above  rail  base.     Includes  lateral  vibratipnsof  tija|n8. 
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G» geni;  Oo,  Osb'n;  P,  Pa;  B, R'd'g;  T,  NYC;  JU,  Ce»  Om  H'way. 

A«  '  Wind  strees,  Sw,  in  any  truss  member,  C  (main  truss  noember,  D  $ 
ehocd  or  end  post,  B),  need  be  considered  only  (1)  when  Sw  exceeds  30  per 
cent,  C  (25  per  cent,  D,  B),  of  max  stress,  S,  due  to  dead  and  live  loads. 
Then  increase  section  to  bring  Sw  within  limit,  C»  D.  B.  (2)  When  Sw, 
alone  or  in  combination  with  temi>erature  stress,  can  balance  or  reverse  S,  C« 

Anchorage.  In  determining  the  reqiiisite  anchorage  for  the  loaded  struc- 
ture, the  train  is  assumed  to  weigh  800  lbs  per  lineal  foot.  A,  B,  C,  P$  600 
lbs  per  lineal  foot,  B« 

(b)    ON   HIOHWAT   AND   BUBOTRXC   RAILBOAD   BBIDOBS. 

Either  30  lbs  per  sq  ft  on  the  exposed  surface  of  all  trusses  and  floor,  + 
150  lbs  (180,  Oo)  per  lineal  foot  of  a  train  covering  the  span;  or  50  lbs  per 
sq  ft  on  the  exposed  surface  of  all  trusses  and  floor;  whichever  gives  the 
greater  stresses,  Aa.  t>o. 

On  each  chord.  150  lbs  per  lin  ft,  of  span,  due  to  bridge,  and  on  the  loaded 
chord  150  lbs  per  lin  ft  of  span  additional  due  to  train.  For  spans  exceeding 
300  ft,  add  10  lbs  on  each  chord  for  each  additional  30  ft,  Cc 

Wind  stresses  (in  truss  members,  Cc  i  in  chords  and  end  posts,  Oo)  to  be 
provided  for  only  when  the  wind  stress  exceeds  25  per  cent  of  the  max  dead 
and  live  load  stresses  (of  the  sum  of  all  other  stresses,  Oo)»  or  when  the  wind 
stress  (alone  or  in  combination  with  temperature  stress,  Cc)  can  (neutralise 
or,  Cc)  reverse  the  stress  in  the  member,  Cc»  Oo. 

IT.  STBESSES  AND  DIMENSIONS. 

Effective  Span  and  Depth. 
In  pin  spans,  span  and  depth  are  measured  between  centers  of  pins.  In 
riveted  trusses  the  span  is  measured  between  centers  of  end  bearings  and 
the  depth  between  centers  of  gravity  of  chord  sections.  In  plate  girders  the 
span  is  measured  between  centers  of  end  bearings,  and  the  depth  between 
centers  of  gravity  of  flange  areas  or  over  backs  of  flange  angles,  whichever  is 
the  less.  In  floor  beams  the  span  is  measured  between  centers  of  trusses, 
and  in  stringers  between  centers  of  floor  beams,  6. 

Limiting  Unit  Stresses. 
Tension. 
Net  section.  The  net  section  of  any  tension  member  or  flange  is  deter- 
mined bv  a  plane  cutting  the  member  square  across  at  any  point.  The  great- 
est number  of  rivet  holes  which  can  be  cut  by  the  plane,  or  come  within  an 
inch  of  the  plane,  is  deducted  from  the  gross  section,  B.  The  rupture  of  a 
riveted  tension  member  is  considered  equally  probable,  either  through  a 
transverse  line  of  rivet  holes,  or  through  a  diagonal  line  of  rivet  holes  where 
the  net  section  does  not  exceed  by  30  per  cent  the  net  section  along  the 
transverse  line,  C,  Cc. 

In  deducting  rivet  holes  for  net  section,  their  diameter  is  taken  at  one- 
eighth  of  an  inch  greater  than  that  of  the  cold  rivet,  6|  for  countersimk 
rivets  (Oo),  one-fourth  of  an  inch  greater. 

Maximum  permissible  tensile  stresses,  in  lbs  per  sq  inch. 

Mediimi      Soft 
Steel        Steel 

A,  Aa,  Under  vertical  forces  only  or  horizontal  forces  only  17,000     15,000 

Under  vertical  and  horizontal  forces  combined         21,000     19,000 

B,  For  "Bridge"  (soft)  and  Rivet  Steel,  same  as  Meditmi  Steel  under  A. 

D.     For  soft  steel :  For  dead  load ;  live  load . 

Eye-bars 14,000  9.000 

Built  sections 12,600  8,500 

Counters    8,600 

For  dead  and  live  load. 
Hip  suspenders,  floor  beam  hangers,  members  sub- 
ject to  sudden  loading 7,500 

Tension  flanges  of  plate  girders  and  rolled  beams 9,000 

Bmchig  A'"'^<^'nno]P'^^ 
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A.  Aa,  Am  B  Oo;  B.  B  &  O;   C,  Cc,  Cooper;  D,  D  L  AW;  E,  ErieJ 

Main  members  of  trusses,  flanges  and  webs  of  girders  and  floor  beams 
for  double  track,  floors  and  girder  flanges  with  ballast  floor,  ad4  10 
per  cent 

For  medium  steel,  add  10  per  cent. 

^       „  /        min    stress  \ 

Oo.    (Highway  Bridges.)     Medium  steel,  22,000 ;  soft  steel,  20,000 ;  wrought 

iron,  18,000. 
P.      M  =  max  calculated  stress  in  member 
m  =  min  "  "      "         ** 

Let  r    =  S  ;  let  k  =  ]^^.    Then  M  (1  +  k)  shall  not  exceed  15.000. 
M  1    -r  r 

Long  hip  verticals  must  have  25  per  cent  excess  strength;  short  floor 
beam  Angers  50  pnr  cent  excess,  P. 

T.  Soft  steel.     Chords  and  web  members  of  trusses,  and  flanges  of 
plate  girders,  floor  beams  and  stringers. 

Dead  load  and  drag 16.000 

Live  load  and  centrifugal  force 8,000 

MAXIMUM   BTBB88E8  IN   TIMBER,    LBS   PER  8Q  INCH. 

Trans-  Bear- 

verse         End  ing     Shear 

For  Highway  Bridges,  Oo.  load-        bear-        Short      across  along 

ing  ing       colunm*    fibre     fibre 

White  oak 1,400         1.300         1,000         650         300 

Long  leaf  pine 1,600         1,300         1,000         350         200 

White  pine 1,100  900  700         2C0         150 

Hemlock    950  850  660         200         100 

Extreme  fibre  stress,  in  floor  beams,  max,  yellow  pine  and  white  oak, 
1.200  lbs  per  sq  inch;  white  pine  and  spruce,  1,000,  Aa,  Oc. 

Compression. 

PB  permissible  working;  stress  in  compression  member,  in  lbs  per  sq  inch. 
""  generally  the  permissible  stress  in  tension  member,  in  lbs  per  sq  inch, 
a  »=  a  coeflicient. 

1   «=  length  of  piece,  in  ins,  between  cens  of  connection, 
r  =  least  radius  of  gyration  of  cross-section  of  member,  ins. 

p — V 

f  a 

A  „    f  In  medium  steel 17,000  11,000 

^^'  t  Id  soft  steel .• 15,000  13.500 

B.  In  soft  steel 17,000  11.000 

C.  See  below. 

Dead  load  Live  load 

f                    a  f                   a 

2,000            18,000  8,000              18.000 

to                  to  to                    to 

>,500            24,000  8,500               24,000 

f  =  8.000  (l  +  E^JI^E?!?) .  a  =  36,000  with  both  ends  fixed;  a  =• 
>  max  stress/ 

24,000  with  one  end  fixed ;  a  =  18.000  with  both  ends  hinged. 
Oo.  (Highway  Bridges.)    f  —  22.000  for  medium  steel,  20,000  for  soft  steel, 

18,000  for  wrought  iron;  a  as  in  E,  above. 
P.    f  -  15,000;  a  -  13,500. 

B.  f.  -  6.500  (l  +  551^3*^83  +\ ;  f  max  -  8.000;  a  -  40,000  with  flat 
V  max  stress  / 

ends;  a  —  20,000  with  pin  ends. 
When  one  end  is  pinned,  p  =»  mean  of  values  derived  as  above. 
For  angle  iron  struts,  see  below. 


ri2,o 

.<      tc 
(12,5 


^Length  not  over  12  X  least  side.     fMin  stress  •=>  dead  -pr^live  load  stress. 
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O,  gen'l;  Oo,  Osb'n;  P,  Pia;  B,  R'cPg;  Y,  N  YC;  Aa,  Cc,  Oo,  H'tray. 

Y«  Soft  steel  in  chords  and  web  members: 

f  a 

For  dead  load  and  drag 16,000  18,000 

For  live  load  and  centrifugal  force 8,000  18,000 

C,  Cc.  p  -  M  — c— . 

For  medium  steel  in  stationary  structures: 

Dead  load  Live  load 

M                c  M              c 

Chord   segments,  stiffeners.         20,000             90  10,000             45 

For  highway  bridges 24,000           110  12,000             55 

End  and  other  posts {^^S^     (to  80     {to    lloOO     {to40 

Forhighwbrid«« |^i;08g     i^lg     1^10,000     j^45 

Lateral  struts,  rigid  bracing  | 

for  railroad  and  highway  >-     13,000  60  8,666  40 

bridges ) 

For  soft  steel,  deduct  15  per  cent ;  for  movable  structures,  deduct  25  per 
cent. 

li.  Angle  iron  struts. 

"With  flat  ends,  p  -  9,000  —  30  -;  with  pin  ends,  p  -  9,000—34-=-.   In 
lateral  and  cross  struts,  add  30  per  cent. 
Lienfftli  of  compression  members,  max,  >-  40  to  45  diameters,  or  100  to 
120.  In  highway  bridges.  120  to  140  r,  Aa  { 100  to  120  r,  Cg  ;  125  to  150  r,  Oo, 
where  r  ■»  least  radius  of  gyration. 

Unsupported  width  (distance  between  rivets)  of  plates  subject  to  com- 
pression, max  —  45  X  thickness,  Oo;  30  X  thickness,  C,  Cc,  D;  in  cover 
plates  of  top  chords  and  end  ix>sts,  40  X  thickness,  C.  Cc»  D  ^  or,  if  a  greater 
width  is  used,  efifective  section  shall  be  taken  as  40  X  thickness,  C,  Cc. 
Distance  between  supports  in  line  of  stress,  max  —  16  X  thickness,  Oo. 

Timber  columns,  wnose  length  exceeds  12.  X  their  least  sides,  in  highway 
bridges,  Oo. 

Max  unit  stress  — r^ — 

^+  1.000  d« 
where  C  —  1,000  lbs  per  so  inch  for  white  oak  and  long  leaf  pine,  700  for 
white  pine,  650  for  hemlock ;  1  —  length  of  column,  between  supports,  ins ; 
d  —  least  side,  ins,  Oo. 

AlteraaUnir  Strestes. 

Total  sectional  area  of  membw  to  be  made  —  sum  of  areas  required  for 
both  stresses,  A,  B. 

Area  sufficient  to  resist  either  stress  plus  0.8  (0.6,  R;  1.0,  Y)  X  the  lesser 
stress,  C,  Cc,  D,  B,  Y.  , 

Permissible  working  stress,  in  lbs  per  sq  inch: 

—  8  000  /  1  4-        max  stress  of  lesser  kind      \    _, 
""    '         \         2  X  max  stress  of  greater  kind/' 
M  —  max  calculated  stress  of  greater  kind,  •  >^ 

m  —  max  calculated  stress  of  lesser  kind,  ) 

Let  r  -  ™.     Let  k  -  |-^.    Then  M  (1  +  k)  shaU  not  exceed  f  ^' 

15,000  lbs  per  sq  in,  ) 

IN    BRIDGES   FOR    HIGHWAYS   AND   FOR    ELECTRIC   RAILROADS. 

In  Classes  A,  B,  C,  and  D,  members  proportioned  for  that  stress  which  re- 
quires the  larger  section.  In  Classes  E  1  and  E  2,  make  sectional  area  «=  sum 
of  areas  required  for  the  two  stresses,  Aa.  Members  designed  to  resist  either 
stress  and  given  25  per  cent  excess  ot  strength  in  their  joints  and  conneo* 
tions,  Oo.  (~ 
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A,  Aa*  Am  B  Co;  B,  B  &  O;  C»  Cc,  Cooper;  D*  D  L  d^  W;  E«  Erie; 

Shear  and  Bearing  Stresses. 
Shear  In  web  plates,  max.  lbs  per  sq  inch.     10,000.  B ;  4.000,  E ;  5.000, 
B;  13,000,  Pt  in  medium  steel,  10,000.  A,  Aa;  in  soft  steel,  9,000,  A.  Aa; 
across  grain,  6,000,  D$  with  grain,  5,000  (net  section),  Df  dead  load,  10,- 
000,  Y;  hve  load,  5,000  (gross  section),  Y. 

Shear  and  Bearing  on  Bivets,  Bolts  and  Pins.  Maximum,  in  lbs 
per  sq  inch. 

Shear  Bearing 

Medium  Soft  Medium  Soft 

A,  Aa,  B 12,000 11,000 ...24,000 22,000 

C 9,000 9,000 1$,000 15,000 

Cc       '. 10.000 laOOO 18,000 18,000 

Oo    10.000 10,000. 22,000 2aooo 

D,  B     7,500 7,600 12,000 12,000 

Y,  Shear  =  0.75  S  ;  bearing  —  1.60  S.  S  —  p)ermi88ible  unit  stress  in  tension. 

In  field  riveting,  increase  number  of  rivets  25  per  cent.  A*  A  a.  B,  Oo,  P; 
if  machine  driven,  10  per  cent,  A,  Aa,  P«  in  strmgers  and  floor  beams,  one- 
third,  P.    Take  0.66  to  0.80  X  stress  as  above,  C,  Cc,  D,  B,  Y, 

In  floor  connections,  use  0.8  X  stresses  as  above,  C,  Cc;  add  20  per  cent 
to  number  of  rivets,  Y. 

In  wind  and  sway  bracing,  use  1 .25  to  1.6  X  stresses  as  above,  C,  Cc,  D,  B. 

Rivets  with  countersunk  heads  taken  at  0.76  X  value  of  rivets  with  full 
heads,  P. 

Bearing,  on  phosphor  bronze  disks,  6.000  lbs  per  sq  inch,  B« 

Bending  Stresses. 

Stress  in  extreme  fibres,  under  bending  moments,  max,  lbs  per  sq 
Inch. 

In  pins  and  bolts,  25.000.  B;  18.000,  C|  20,000,  Ccj  15,000,  D.B|  16,000, 
Y|  in  pins,  closely  packed,  26,000.  Oo;  in  medium  steel,  25,000;  in  soft 
steel.  22.000,  A,  Aa,  P.  Centers  of  bearings  of  strained  members  taken  as 
points  of  application  of  the  stresses,  A,  Aa,  B.  Applied  forces  considered 
as  uniformly  distributed  over  the  middle  half  of  the  bearing  of  each  member, 
C,  Cc.     Bending  calculated  Ire  m  distances  between  centers  of  bearing,  Oo. 

In  rolled  beams  and  channels,  14.000,  P. 

In  wooden  floor  beams,  1.000,  A,  B,  C,  P. 

Compound  Stresses. 
Compound  (axial  and  bending),  maximum,  lbs  i>er  sq  inch. 
In  end  posts  of  through  spans,  dead  +  live  +  wind  -f  bending,  max  -■ 
15,000.  B. 

Proportion  the  member  to  resist  sum  of  direct  stress  plus  0.76  bending 

8  000 
stress.  A,  Aa,  B,  P,  B.     Max  — — js ,  where  I  •■  length,  ins;  r  =» 


1  +  - 


40.000  r« 
least  radius  of  gyration,  ins. 

If  pins  are  out  of  neutral  axis  of  section,  max  must  include  the  additional 
stress  due  to  the  eccentricity.  B. 

Bending  moment  at  panel  points  assumed  equal  and  opposite  to  that  at 
the  center.  A,  Aa.  If  nbre  stress  due  to  weight  of  member  alone  exceeds  10 
per  cent  of  the  allowed  unit  stress  on  such  member,  the  excess  must  be  eon- 
sidered  in  proportioning  the  areas,  C,  Cc,  B. 

Minimum  Dimensions. 
Ulinimura  thickness  of  plates,  in  railroad  bridji^es,  three-eiij^hths  of  an 
inch  for  main  members,  five-sixteenths  of  an  inch  for  laterals;  m  highway 
and  electric  railroad  bridges,  five-sixteenths  to  one-fourth  of  an  inch.  Min 
diam  of  rod.  three-fourths  of  an  inch,  Oo.  Rods  and  bars,  min  section,  1  sq 
inch.  D,  B;  counters  1.5  sq  ins  D,  P.  Poets,  in  pin  spans,  min  width  10 
ins.  A.  In  poBts  of  through  spans,  channels  min  10  ins,  B.  Angle,  min,  3.6 
-^  3  X  five-sixteenths,  B.  r^  I 
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G,  gen'l;  Oo,  Oeb'n;  P,  Pa;  B,  R'd'g;  T,  N  Y  C;  Aa,  Ce,  Oo,  H'way. 

V.  PROTECTION. 

At  Shop.  After  removing  loose  scale  and  rust ;  1  coat  pure  boiled  linseed 
oil.  A,  Aa,  B.  D»  E,  P,  B|  raw  linseed  oil.  C,  Cc{  with  10  per  cent  in 
weight  of  lampblack,  D  |  standard  red  lead  paint,*  Y* 

Inaccessible  Parts.  2  coats  iron  ore  paint  in  ptu«  linseed  oil,  A,  Aa.  B. 
C,  Cc,  E»  Bt  standard  red  lead  paint,*  Y ;  1  coat,  D ;  1  heavy  coat  red  lead 
in  raw  linseed  oil.  P;  2  ooats,  18  lbs  red  lead  in  1  gal  boiled  linseed  oil,  Oo. 

Finished  Surfaces.     Coated  with  white  lead  and  tallow.    General. 

Surfaces  in  Contact.  Painted  before  joining,  A,  Aa,  B,  C,  Cc,  B,  Y$ 
with  2  heavy  coats  red  lead  in  raw  linseed  oil  on  each  surface,  Y. 

After  Erection.  2  additional  ooats  of  paint  in 'pure  linseed  oil,  A,  Aa» 
B,  C^  Cct  2  coats  of  paint,  of  different  colors,  B|  2  heavy  coats  asphaitum 
varnish,  Y. 

At  least  48  hours  allowed  for  drying  of  each  coat,  T. 

Columns,  etc.,  for  5  ft  above  surface  of  street,  etc.,  2  heavy  coats  as- 
phaitum vuiiish:  under  sides  of  bridflrcs,  rest  oiP  oolumns,  etc.,  2  heavy 
coats  standard  wnite  paint ;  *  ballast  side  of  trous^  floors,  1  part  by  weight 
refined  Trinidad  asphalt  and  3  parts  straight  run  coal  tar  pitch  at  300°  F,  Y. 

Wherever  there  i»  a  tendency  for  water  to  collect,  the  spaces  must  be  filled 
with  a  waterproof  material,  C,  Cc. 

First  coat  paint  of  graphite  or  carbon  primer.  Oo. 

In  highway  bridges,  upper  surfaces  of  metal  floor  plates  thoroughly  coated 
with  asphalt,  Oo. 

TI.  EBECTION. 

The  Contractor  i%  usually  required 

(1)  to  unload  materials  after  delivvry,  to  furnish  falseworks  and  appli- 
ances, to  remove  the  old  bridge,  to  alter  existing  bridjge  seats ; 

(2)  to  drill  and  set  anchor  bolt«,  to  erect  and  adjust  the  superstructure, 
and  scnetimes  to  furnish  and  place  the  wooden  floor  beams; 


(3)  to  remove  falseworks  and  appliances ; 


.  .  »  keep  the  road  open  for  trafllo  and  to  avoid  interference  with  any 
other  thoroufidifare  by  land  or  water  and  interference  with  other  contractors; 
to  furnish  and  jpa^y  watchmen ;  to  keep  material  clean  and  in  good  order;  and 
to  assume  all  risks  of  damage  to  persons  or  property  by  reason  of  storms, 
floods  or  other  casualties; 

(5)  to  furnish  pilot  nuts  for  the  protection  of  the  ends  of  pins  in  driving. 


(2)  DIGEST  OF  SPECIFICATION   FOB  COMBINATION  BAIL- 
BOAD  BBIDGES.t 

By  Baltimore  and  Ohio  Bcilroad  Co.,  1901. 

I.  GENEBAIi  DESIGN. 

Type,  Howe. 

Rods  of  steel,  with  upset  ends :  standard  nut  and  lock  nut  on  each  end. 
Cast  iron  joint  boxes  and  packing  spools. 

Steel  gib  plates  from  1.25  ins  thick  for  1.25  inch  rod,  to  1.75  ins  thick  for 
2.5  inch  rod. 

Splices  in  lower  chord  generally  of  steel  construction. 

n.  MATEBIAI.. 

Lumber.  Georgia  yellow  pine,  white  oak  or  white  pine. 

Rolled  steel.     Open  health.    Ultimate  strength  60,000  lbs  per  sq  Inch. 

*  Standard  red  lead  paint.    5  gals  contain  100  lbs  pure  red  lead,  4  gals  pure 
raw  linseed  oil,  one-hajf  pint  Japan,  free  from  bensine,  Y. 

Standard  white  paint.     5  gals  contain  42  lbs  pure  white  lead  in  oil,  21  lbs 
white  zinc  in  oil.  3  gals  pure  raw  linseed  oil,  Y. 

At  least  48  hours  between  coats,  and  between  final  shop  coat  and  load- 
ing, Y. 

t  To  be  used  only  for  temporary  purposes.       gt.ed by GoOglc 
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permiaeible  variation,  5,000  lbs;  elastic  limit,  dO,000  lbs;  elongation  25  per 
cent  in  8  ins;  to  bend  180^  fiat  upon  itself. 

m.  IX)ADS. 

Dead  Load. 
Timber  taken  at  4.5  lbs  per  foot  board  measure.     Track  100  lbs  per  lin  ft. 

Live  Load. 
Max  intended  load  +  25  per  cent,  to  provide  for  increase  and  impact. 

IT.  STRESSES  AND  DIMENSIONS. 

I/imitlniir  Unit  Stresses. 

Timber,  lbs  per  sq  inch,  max    Yellow  pine       White  pine       White  oak 

Bending  or  direct  tension 1,200  800  1,000 

Columns  under  17  diams  in  length    900  600  750 

Columns  over  17  diams  m  length . .  1, 200-18  n  800-12  n         1,000-15  n 

where  n  —  length  •*•  least  thickness; 
n  max  ■-  40. 

Shearing,  along  grain 150  100  200 

Bearing,  in  direction  of  grain 1,500  1,000  1,250 

Bearing,  perpendicular  to  grain . . .    350  200  500 

In  columns  made  up  of   several  sticks  placed  side  by  side,  and  bolted 
together  at  intervals,  each  stick  treated  as  an  independent  column. 

Steel  rods,  max  unit  stress  —  12,000  lbs  per  sq  inch. 

Floor  beams  designed  to  carry  the  dead  load  and  the  heaviest  engines  in 
service  without  impact  allowance.     Reinforfc  for  future  increase  of  Toads. 

For  loadings  in  excess  of  that  used  in  designing,  reduce  speed  from  60  to 
15  miles  per  hour,  as  loads  increase  to  limit  of  25  per  cent  increase  of  load. 

V.  PROTECTION. 

Steel  rods,  jg^ibs,  etc.,  1  coat  of  paint  in  shop;  2  after  erection. 
Wood,  at  jointa  and  at  points  of  contact,  to  be  painted. 
Bolt  and  rod  holes  to  be  saturated  with  paint. 


(3)  DIGEST  OF  SPECIFICATION  FOR  ROOF  TRUSSES. 
STEEIi  FRAMEWORK  AND  BUILDINGS. 

By  Baltimore  and  Ohio  Railroad  Co.,  1901. 
I.  GENERAL   DESIGN. 

Made  principallv  of  shapes.  No  adjustable  members,  except  in  lateral 
bracing.  Lateral  bracing  proportioned  for  a  full  wind  pressure  of  30  lbs  per 
sq  ft  of  exposed  surface,  acting  in  any  direction.  Tension  members  in  brac- 
ing must  in  all  cases  pull  directly  against  a  stiff  strut.  If  building  is  enclosed 
and  the  work  is  exposed  to  the  action  of  gases,  no  open  spaces  less  than  1 
inch  wide  left  between  members,  or  open  pockets  inaccessible  for  painting. 

n.  MATERIAL. 

Min  thickness,  0.25  inch.  When  subject  to  the  action  of  gases,  five-six- 
teenths inch  if  building  is  open;  0.375  inch  if  enclosed. 

m.  LOADS. 

Snow,  20  lbs  per  sq  ft  of  horizontal  projection  of  roof  surfoce.  Wind,  30 
lbs  per  sq  ft,  horizontal,  in  any  direction.     Min  total,  40  lbs  per  sq  ft. 

Covering.  For  roofs,  and  for  sides  unless  otherwise  ordered,  corrugated 
sheets.  No.  22  gage,  26  ins  wide;  corrugations,  2.5  ins;  3  ins  for  slope  of  1 
on  2 ;  6  ins  for  less  slope.     Purlins  not  more  than  4  ft  apart  between  centers. 

IT.  STRESSES. 

Columns  sustaining  roof  are  considered  as  hinged  at  base,  unless  so  an- 
chored as  to  be  absolutely  fixed. 

Unit  stresses,  if  subject  to  no  moving  load  other  than  wind,  see  B,  in 
Digest  of  Specifications  for  Steel  Bridges,  and  Digest  (2)  of  B  &  O  R  R  Speci- 
fication for  Combination  Bridges.  Stresses  given  in  the  latter  to  be  in- 
creased 25  per  cent. 

V.  PROTECTION. 

Three  coats  of  paint.  If  exoosed  to  gases,  use  bridge  paint  (see  B  in 
Steel  Bridge  Specifications) ;  if  not,  use  standard  building  pain1^Q|^ 
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SUSPENSION  BBIDQES. 


Table  of  data  required  for  ealealaUnv  the  mala 
chains  or  cables  of  suspension  bridges.  Original. 


Art.1. 


In  parU 
of  tho 
Chord. 

Deflation 
InDMl- 
mala  of 

ttMOhord. 

Lentth  of 
ICaio  Ohaini 
botwMnSu- 

Chord. 

Teniion  on  all 

the  Main 

Chains  at 

either  Suspen- 

lion  Pier,  in 

•tttlreSM. 

peadedWt. 
of  the  Bridge, 
and  iu  Load. 

Tension  at  th« 
Center  of  all 
the  Main 
Chains;  in 
parU  of  the 
entire  Sus- 
pended Wt. 
of  the  BHdfe, 
and  iU  Load. 

Angle  of 

dW 

tionof 
theChains 

Natural 
Slneofthe 

Angle  or 
DireoUon 

of  the 
Chains,  at 
the  Piers. 

Natoral 
Cosine  of 
the  Angle 
of  Direo- 
tion  of  the 
Chains  at 
the  Plerfc 

•^T 

1^ 

.035 

1.003 

6.08 

5.00 

.0996 

.9960 

1-36 

.0286 

1.002 

4.40 

4.87 

6   81 

.1185 

.9986 

1-80 

.0333 

1.008 

8.78 

8.75 

7    86 

.1322 

J912 

1-tf 

.04 

1.004 

8.16 

8.12 

9     6 

.1580 

.9874 

1-ao 

.06 

1.006 

2.55 

2.51 

11    19 

.1961 

MM 

119 

.0626 

1.007 

2.48 

2.88 

11    53 

.2000 

.9786 

M8 

.0566 

1.008 

3.30 

2.25 

12    32 

.2169 

.9762 

1-17 

.0588 

1.009 

2.18 

2.12 

18    14 

.2290 

.9784 

l-U 

.0636 

1.010 

3.06 

2.00 

14      2 

.2425 

.9701 

116 

.0667 

1.012 

^94 

1.87 

14    55 

.2678 

.9668 

l-U 

.0714 

1.018 

..82 

1.74 

16    57 

.2747 

.9616 

MS 

.0769 

1.016 

1.70 

1.62 

17      9 

.2941 

.9659 

1-lS 

.063S 

1.018 

1.67 

1.49 

18    83 

.8180 

.9480 

l-U 

.0919 

1.022 

1.46 

1.37 

19    69 

.8418 

.9896 

110 

.1 

1.028 

1.85 

1.25 

21    48 

.8714 

.9286 

1-9 

.1111 

J. 088 

1.2i 

1.12 

28    58 

.4002 

.9188 

..^ 

.136 

1.041 

1.12 

1.00 

96    83 

.4471 

.8946 

.1439 

1.068 

1.01 

.881 

29    46 

.4961 

.8726 

8-ao 

.16 

1.068 

.972 

.838 

80    58 

.5146 

.8574 

i3 

.1667 

1.070 

.901 

.750 

88    41 

.5547 

.8320 

.2 

1.098 

.869 

.625 

88    40 

.6247 

.7808 

■225 

1.122 

.747 

.566 

42      0 

.6690 

.7438 

!i 

.25 

1.149 

.707 

.500 

45    00 

.7071 

.7071 

.8 

1.206 

.651 

.417 

50    12 

.7682 

.6401  ' 

IJ 

.SSS8 

1.247 

.625 

.376 

53      8 

.8000 

.0009 

.4 

1.332      , 

.589 

.312 

68      2 

.8488 

.5294 

».» 

.46 

1.408 

.572 

.278 

60    57 

.8742 

.4866 

H 

.6 

1.480 

.669 

.260 

68    96 

.8944 

.4472 

Those  eatenlations  are  based  on  the  assamption  that  the  curve  formed  by  the  main  chains  is  • 
parabola ;  which  is  not  striotlj  oorreet.  In  a  flnlahtfi  bridge,  the  oarve  Is  between  a  parabola  and  • 
eatenary ;  and  is  not  snaoeptible  of  a  rigorons  detenainaUon.  It  may  SavC  SOmC  trOU* 
ble  In  making  the  drawings  of  a  snepension  bridge,  to  renMmber  that  when  the 
delleetlon  does  not  exoeed  aboat  -^  of  the  span,  a  segment  of  a  cirele  maj  be  need  instead  of  th« 
tme  onrre ;  inasmoch  as  the  two  then  eoinoide  rerj  closely ;  and  the  more  so  as  the  deflection  be* 
eomes  lees  than  ^.  The  dimensions  taken  fh>m  the  drawing  <^  a  iegnent  win  answer  all  the  pnr* 
poees  of  estimating  the  qoantltlee  of  materials. 

The  deflection  nsaalljr  adopted  by  engineers  tor  great  ipm  to 

about  -J^  to  Jkr  the  span.  As  muoh  as  -^  is  generally  oonflned  to  small  spans.  The  bridge  will 
be  stronger,  or  will  require  less  area  of  cable,  if  the  deflection  Is  greater ;  but  it  then  andulates  more 
readily  ;  and  as  undulations  tend  to  destroy  the  bridge  by  loosening  the  joints,  and  by  inereaslng  the 
momentum,  they  must  be  specially  guarded  against  as  much  as  possible.  The  usual  mode  of  doing 
this  is  by  trussing  the  hand^iing;  which  with  this  riew  may  be  made  higher,  and  of  stouter  tim- 
bers than  would  otherwise  be  necessary.  In  large  spMM.  indeed,  it  may  be  supplanted  by  regular 
bridge- trasses,  suflloiently  high  to  be  braoed  together  overhead,  as  in  the  Niagara  Railroad  bridge, 
where  the  truines  are  18  ft  high ;  supporting  a  single-track  railroad  on  top ;  and  a  common  roadway 
of  19  ft  clear  width,  below.* 


•  The  writer  believes  himself  to  have  been  the  first  persen  to 


the  addition  of  very  deep 


trusses  braced  together  transversely,  Ibr  large  nnspen^oa  bridges.  I^rlv  in  1851,  be  designed  saoh 
a  bridg^  with  four  spans  of  1000  ft  each :  and  two  of  !$00;  with  wire  cables ;  and  trusses  20  ft  high. 
It  was  intended  for  crossing  the  Delaware  at  Market  Street.  Philada.  It  was  ptbltoly  exhibited  for 
several  months  at  the  Franklin  Institute,  and  at  the  Merchants'  Exchange ;  and  was  flnallv  stolen 
fh>m  the  hall  of  the  latter.  Mr  Roebllng's  Niagara  bridge,  of  800  ft  span,  with  trusses  18  ft  high,  wai 
1  until  the  latter  part  of  1852 ;  or  idMMii  18  months  after  mine  had  been  publicly  er 
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SI7BPEK8ION  BRIDGES. 


ADOtber  very  Imporunt  aid  ts  found  tn  imp  toocUodiul  floor  timbws,  flnnly  nnttod  tiharo  tbair 
oadt  meet  each  other.  Tbese  sjutnk  bj  dittribVHBf  unoDg  MTeral  raipeiidier'rods,  and  by  that 
inesDH  kloQg  «  coDiiderable  length  of  main  cable,  the  weight  of  beaTj  paatiog  loads ;  aad  (hna  pre* 
Tent  the  undue  undulation  that  would  take  plaoe  if  tbe  load  were  ooDoeotrated  apon  odIt  two  opponte 
■aapeadem.    Witb  tbls  view,  tbe  woodeo  ttiiagere  ander  tbe  raila  on  ibe  Niagara  bridge  are  made 

,  .  .  ..  ^  ™,^ — jjjg  principle  is  oTldently  good  for  ordinary  trussed  bridges. 


Tirtoally  4  ft  deep.     The  same  j:  .  .  „ 

Another  mode  of  relieviog  the  niaio  oableo  is  by  taeane  of  ciMe-Hajft:  wbiob  are  bars  at  lroB«  or 
wire  ropes,  extending  like  c  y,  Fig  1,  ftam  tbe  saddles  at  the  points  of  suspension  e,  d,  obliquely  down 
to  the  floor,  or  to  some  part  of  tbe  truss.  In  tbe  Niagara  bridge  are  64  such  stays,  of  wire  ropes  of 
1%  Inch  diam ;  the  lougest  of  which  reaeb  more  than  qaarter  way  across  tbe  span  from  eaob  tower. 
Tbey  transfer  much  of  tbe  strain  of  the  wt  of  tbe  bridge  and  its  load  directly  to  tbe  saddles  at  the  toy 
of  the  towem  ;  thereby  relieving  ttwry  part  of  the  main  eable,  and  diminishing  undulation.  Tbey 
end  at  c  Hud  d.  where  thej  are  attacliM,  not  to  tbe  cables,  but  to  tbe  saddles.  They  of  coarse  do  not 
relieve  tbe  bticJt  siav*. 

Tbe  ffre»toflt  ^mnger  arises  firms  the  aetlon  of  stronr  winds 


strlklnsr  below  tbe  floor,  and  either  lifting  the  whole  platform,  and  letting 
it  fall  soddenlT ;  or  imparting  to  it  Ttoleoi  waTeltke  ondnlations.  Tbe  bridge  of  1010  ft  span  across 
tbe  Ohio  at  wheeling,  by  Charles  Ellet,  Jr,  was  destroyed  in  this  manner.    It  Is  said  to  bare  undu- 


lated 90  ft  vertically  before  giving  way.  It  had  no  eflSectlve  guards  against  undulation ;  for  althovgli 
iu  band-railing  was  trussed,  It  was  too  low  and  alight  to  be  of  muob  service  in  so  great  a  span- 
Many  other  bridges  have  been  either  destroyed  or  iiriared  in  tbe  same  way.  When  the  ndgbt  or  the 
roadwav  above  the  water  admlu  of  it,  the  preoantion  mav  be  adopted  of  tie-rods,  or  anchor  rods, 
under  the  floor  at  dllftrent  points  along  tbe  span,  and  carried  from  thence,  inclining  downward,  to 
the  abutments,  to  which  tbey  should  be  vary  stronglv  oonflned.  In  the  Niagara  Railroad  bridge  Sf 
such  ties,  made  of  wire  ropes  IH  Inch  diam,  extend  diagonally  f^om  tbe  bottom  of  the  bridge,  to  the 
rooks  below.    They,  however,  detract  greatly  fh>m  the  (ugnlty  of  a  structure. 

Mr  Brunei,  In  some  cases,  for  ebeokiog  undulations  ft-om  violent  winds  striking  beneath  tbe  plat 
Ibrm,  used  also  inverted  or  up'cuirving  cables  under  tbe  floor.  Their  ends  were  strongly  confined  te 
the  abuu  several  ft  below  the  platform;  and  the  oablea  were  eonneeted  at  intervals,  with  the  plat- 
form, so  as  to  hold  it  down. 

Art.  2*  The  angle  adg^  or  ae<,  Fig  1,  which  a  tang  dg  or  ei  to  the  cnrre  at 
•tther  point  of  suspension  c  or  d,  forma  with  the  kor  line  e  d  or  ohord,  la  called  tbe  AHITI^  Of 
direction  of  tbe  main  ebains,  or  eablee,  at  thooe  polnU.  Frequently  tbe  euH 
e*,  and  dr,  of  the  cbaine.  oalled  the  bacbstays*  are  earried  away  tnm  tbe  suspension  pleM 
In  straight  lines ;  in  which  case  tbe  angles  Idr.eck,  formed  between  the  hor  line  e I  and  the  ohai  • 
tteelf,  beooma  the  anglea  of  dlreotion  of  the  baokstajs. 


TwleelhedofleetkNi«» 


Slneof  anirie  of  dlreetlon  aiia  >"  . 

]/(twioe  tbe  detiecUon;*  +  (Half  the  ohord)! 
KotB  1.    The  direeflen  of  the  tang  d  p  or  e  <,  eaa  be  Uld  down  on  a  drawing,  thus :  Centlaoe  the 
line  a  h,  making  it  twice  as  long  aa  a  6 ;  then  linea  drawn  flrom  a  and  e  to  iU  lower  end,  wiU  be  tanas 
to  the  parabolic  curve  at  the  pointfe  of  suspension. 

NOTi  2.  If  tbe  ebord  e  <f>  be  not  bor^  as  aometimea  la  the  caae,  the  angle 
must  be  measured  fhmi  a  hor  line  drawn  for  tbe  porpoHO  at  each  point  of  suspension ;  as  the  twe 
anglee  will  in  that  ease  be  unequal,  the  piers  being  of  unequal  beigbu. 

Tension    on    all    the    main        Half  the  eatfr.  suspended  weight  of  the  etot 

ebalns  or  eables,  tofretber,       span  and  m  load 

at  eltber  one  of  tbe  piers,  ^  sine  of  angle  of  dlreotlon  •  d  9 

e  or  dp  Fiff  1. 

or  -  lAH_8pan>M.J»D<5,.       =^;^-X'"5 
2  Deflection  tbe  clear  span  and 

iUload. 

Pension    on    ail    tbe    main        Hair  the  entire  suspended       rv»i».  *#  ...I.  ^ 

ebalns  or  eables,  toiretber,         L*d^}2foid* *'•"•*""  "^  ^S^rt^n*?!!"/ 
at  tbe  middle,  b,  of  tbe  —  '"  **^*° 

spun,  fly  1.  Bine  of  angle  of  direction  mdg 

Half  the  entire  suspended  weight  of  ^  Half  the 

^y  ^  the  clear  span  and  mioad  ^     span 

Twice  the  deflection 

The  diir  between  the  tensions  at  the  middle,  and  at  the  points  of  auapenslon.  Is  so  trilling  with  the 

proporilon  of  ehord  and  deflection  commonly  adopted  in  praeUce,  vii,  tnm  about  ^  to  ^.  that  It 

Is  usually  neglected ;  inasmuch  as  tbe  saving  in  tbe  weight  of  metal  would  be  fblly  compensated  for 

by  tbe  increased  labor  of  manufaeture  in  gradually  reducing  the  dimensions  of  tbe  ebalns  tnm  tbe 

Kinu  of  suspension  toward  tbe  middle :  and  In  preparing  flttincs  for  parts  of  many  diflbrent  alaee. 
le  reduction  hae,  however,  been  made  In  eome  large  bridgeo  with  wroagbt>iron  main  ebalns ;  bo* 
4*  ooBM  with  wire  oablea. 
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Art.  9 A.  AS  it  k  •ometimei  amivmimt  to  form  a  rough  idea  at  the  moment,  of 
ib«  eiie  of  eablee  reantred  fdr  a  bridge,  we  MfgMt  the  foUewing  rule  for  flodiog  approximatelj  the 
area  In  eq  ine  of  toUd  Iron  in  the  wire  reqairadlo  sasUin,  with  a  safetj  of  8,*  the  weight  of  the  bridge 
itself,  together  with  an  eztraneoos  load  of  1.S06  tons  per  foot  run  of  span ;  which  oorresponds  to  100 
%»  per  sq  ft  of  platform  of  S7  (I  etoor  antatkMt  width.  This  saffloes  for  a  doable  carnage- waj.  and 
vwo  footways.  The  deflection  is  assnmed  at  -^  of  the  span ;  and  the  wire  to  have  an  nltimata 
■trength  of  86  tons  per  solid  sqaare  inch. 

For  spans  of  100  n  or  more, 

tLjnm.  If  alt  the  spaa  in  feet,  bj  the  square  root  of  the  spaa.  Dirlde  the  prod  by  100.  To  the 
qoot  add  the  sq  rt  of  tiM  span.    Or,  as  a  fmrmula, 


Ana  o/wotm  metal  of  mil 

the  cablet ;  <n  »q^ar^  ine  ; 

for  spans  over  100  feet 


apan  X  eqrtofepan 

ioo~ 


-^»qrtofep<^ 


Vor  spans  less  than  100  feet,  proportion  the  area  to  that  at  100  ft 

If  a  defl  of  -^  is  adopted  instead  of  -^^  the  area  of  the  cables  ntay  be  reduced  rwj  nearly  -^  pari. 

The  IbllowiBff  table  is  drawn  np  from  tills  rnle.    The  dd  col 

gtvec  the  united  areas  of  aU  the  actual  wire^oables,  when  made  np.  Including  Toids.    (Original.) 


feet. 

Solid  Iron 

in  all  the 

Cables. 

Areas  of 

all  the 
Finished 
Cables. 

8^ 
Feet. 

Solid  Iron 
in  all  the 
Cables. 

Areas  of 
all  the 
FiniRhed 
Cables. 

Feet. 

Solid  Iron 
in  all  the 
Cables. 

Areas  of 
all  the 

Finished 
Cables. 

1000 

soo 

800 
700 
600 

600 

Sq.  Ins. 

848 
800 
854 
212 
171 
184 

Sq.  Ins. 

446 
886 

.826 
372 
219 
'72 

400 
860 
800 
260 
SOO 
176 

Sq.  Ins. 
100 
84 
69 
66 
42 
86.4 

Sq.Ins. 
128 
106 

86 

n 

64 

46.T 

160 
126 
100 
76 
60 
26 

Sq.Ins. 

80.6 
26.2 
90 
16 
10 
6 

Sq.Ins. 
89.1 

19.2 
12.8 
6.4 

Earing  the  areas  of  all  the  actual  eablee,  we  can  readily  find  their  diam.    Thus,  snppoae  with  a 


and  fh>m  the  table  of  circles. 


we  see  that  the  corresponding  diam  is  full  7%  ins. 


The  abore  areas  are  supposed  to  allow  for  the  increased  wt  of  a  depth  of  truss,  and  other  additions 
neoeesary  to  secure  the  bridge  from  yiolent  winds,  and  firom  undue  Tibrations  from  passing  loads. 

When  these  considerations  are  neglected,  and  a  less  maximum  load  assnmed.  the  following  deserip* 
tlona  of  tlM  Wheeling  and  Freyburg  bridges  show  what  rednctloika  are  praetfeable.  Weight,  mm- 
•tently  provided  for,  Is  of  great  serrioe  in  reducing  nndnlatica. 

We  do  not  think  that  diagonal  horisontal  bracing  should,  as  is  usual,  be  omitted  under  the  floor. 
It  may  readily  be  effected  by  iron  rods. 

All  the  cables  need  not  be  at  the  eidee  of  the  bridge.  One  or  more  of  them  may  be  over  its  azis) 
especially  in  a  wide  bridge.  One  wide  footpath  in  the  center  may  be  used,  instead  of  two  narrow 
ones  at  the  sides. 

TlM  platform  or  roadway  should  be  slightly  cambered,  or  curred  upward,  to  the  extent  say  of  about 

1^  of  the  span. 


lil) 


a  The  writer  must  not  be  understood  to  advecate  a  safety  of  8  against  lUO  lbs  per  eq  ft.  In  addition 
to  the  weiRht  of  the  bridge,  in  all  cases.    He  beiieres  that  limit  to  be  about  a  suflleient  one  for  a  pro< 


perly  designed  wire  suspension  bridge  for  ordinary  travel ;  but  for  an  important  railroad  bridge,  he 
would  (according  to  positicn.  exposure,  ike)  adopt  a  safety  of  at  least  fIrom  4  to  6  against  the  greatest 
possible  load,  added  to  the  wt  of  the  bridge.    A  train  of  cars  opposes  a  great  surface  to  tlte  action  of 


;  and  trains  must  run  during  riolent  storms,  as  well  as  during  calms ;  but  a  large  < 
. . ..»..._  .- w,  ^ . M^^  _.*w lie  during  an  "^ 


truTd  is  not  llkel/  to  be  densely  crowded  with  people  d 
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Art.  3.  Tension  on  the  Imek-stays,  e  H  and  a  r,  Fi|r  1.  and 
strains  on  the  piers,  or  towers,  or  pillars.  If  the  angle  of  direction  adg  and 
tbe  angle  Idr,  between  tbe  baok-atavs  and  the  boriaonUl,  are  eqaal  to  each  other,  the  tension  on  the 
back-staji  will  be  equal  to  that  on  the  main  cables  at  the  top*  of  the  piers ;  and  the  pressure  on  the 
piers  will  be  vertical ;  but  if  the  two  angles  are  unequal,  then  these  tensions  and  pressures  will  de- 
pend, to  a  very  important  extent,  upon  the  manner  in  which  the  chains  or  cables  are  fixed  to,  or  laid 
upon,  the  tops  of  the  piers.  .     .     ^        «      _. 

Art.  4.  In  FIffs 
,  2,  3  and  4,  the  piers 

-^ _-.-.-•«._. ..I  dnm  are  supposed  tobeim< 

movable;  Hnd  tbe  cables 
kdu,  passing  over  them, 
rest  immedia*  >j  upon  hori< 
sontal  rollers,  lohtehhave  no 
other  motion  than  that  of  re- 
volving about  their  horixon' 
tal  axes  ;  the  frame  to  wMeh 
they  are  attached  being  bolt- 
ed to  tbe  top  of  the  pier.  Oa 
these  rollerii  the  cables  slide, 
when  changes  of  loading 
or  of  temperature  produce 
changes  in  their  directions. 

In  this  case  the  ten- 
sion on  tlie  baclK* 
stays  is  equal  to  that  oa 
the  main  cable.  See  Funie* 
ular  Machine. 

To  find  the  direction  and 

vnonnt  of  thenressure 
on  tiie  pier;  from  d. 

Fig  2,  3  or  4.  lay  otfde  and 
dr,  each  equal,  by  scale,  to 
the  tension,  in  tons,  on  ttie 
main  chain  at  d ;  and  from  s 
and  r  lay  it  off  to  v.  In  other 
words,  draw  tbe  parallelo- 
gram  dsvr,  and  its  diagonal 
d  V.  Then  will  d  v  give  tbe 
direetioa  and  amottnt  of  the 
pressure  upon  the  pier. 

When,  as  in  Fig  2,  the 
angles  adg  and  Idu  are 
e^iMl.  the  pressure  d  v  will 
be  vertical,  and  equal  to  the 
entire  weight  of  the  dear 
span  and  its  load. 

When,  as  in  Figs  S  and  4, 
tbe  angles  adg  and  Idu  are 
unequal,  tbe  pressure  dw 
will  not  be  vertical,  but  will 
Incline  from  d  toward  the 
smaller  angle. 
When,  as  in  Fig S,  a  d g  exceeds  Idu,  the  pressure  d  v  will  be  lese  than  the  eutire  weight  of  the 
slear  span  and  its  load. 

When,  as  in  Fig  4, 1 <i u  exceeds  adg,  tbe  pressure  d  v  will  be  greater  than  the  entire  weight  of  thi 
clear  span  and  its  load. 

If  we  suppose  symmetrical  piers,  d  n  m,  to  be  nsed  in  each  case,  the  base  m  n  of  that  in  Fig  2,  maj 
be  much  narrower  than  in  tbe  other  two  fi^ ;  because,  the  direcUonof  d  v  being  vertical,  the  presean 
has  no  tendency  to  overturn  the  pier.  In  Fig  2,  the  masonry  of  the  pier  should  be  laid  in  the  usual 
horizontal  courses,  in  order  that  its  bed  Joinu  may  be  at  right  angles  to  tbe  pressure  upon  them. 

But,  in  Figs  3  and  4,  if  the  bases  were  made  as  narrow  as  in  Fig  2,  the  lines  of  direction  dv,  of  the  • 
pressure,  would  fall  outside  of  ibem  ;  and  the  piers  would  consequently  be  in  danger  of  overturning. 
Also,  the  stones  of  the  masonry,  if  laid  in  horizontal  courses,  would  have  a  tendency  to  slide  on  each 
ether.    To  prevent  this,  the  beds  should  be  at  right  angles  to  d  v. 

In  Fig  3.  tbe  obliquity  of  the  pressure  would  tend  to  slide  the  base  of  the  i[iier  otUteard  as  shown 
by  the  arrow ;  but  in  Fig  4,  inward.  This  tendency  is  produced  by  the  horizontal  component  of  the 
force  d  v.  The  amount  of  this  may  be  found  thus,  in  either  fig :  From  d  downward  draw  a  vert  line 
as  in  Fig  4;  and  from  v  a  hor  one.  meeting  it  in  z,  then  vz,  measured  by  the  same  scale  of  tons  as 
before,  will  give  this  horizontal  force,  and  d  z  will  give  the  vertical  eom'ponent  of  the  pressure  d  *. 
The  effect  upon  the  pier,  of  the  one  pressure  d  v  is  precisely  the  same  as  would  be  produced  upon  it  bj 
one  vertical  force  equal  to  dz  and  a  horizontal  one  equal  to  vjr  acting  at  the  same  time,  as  explained 
under  Composition  and  Resolution  of  Forces. 

If,  in  either  fig,  we  draw  the  vert  lines  «p  and  r  o,  see  Fig  4,  then  d  o,  measd  by  the  foregoing  scale, 
will  give  the  tons  of  horizontal  pull,  and  ro  the  vertical  pressure,  produced  on  the  pier  by  the  back* 
stay ;  and  p  d  and  p  e  will,  in  like  manner,  give  the  corresponding  forces  produced  by  the  main  ehain. 
If  we  add  together  ro  and  pe  they  will  be  found  to  be  equal  to  d  s,  and  if  we  subtract  d  o  from  p  d, 
their  diiference  will  eqnal  «  jr.  It  is  this  difference  only  that  tends  to  slide,  or  (o  upset,  the  pier ;  tbe 
•ther  portions  of  d  o  and  p  d  neutralizing  each  other  in  that  respect. 
The  foregoing  strains  may  all  be  calcttlated,  thus : 

Horlzoutal  pnll  inward  by  tlie  main  cliain  =  Tension  x  Cosineof ad^ 

'*  '•      outward  by  tlie  back -stay  =  Tension  X  Cosineofidi*. 

'^rtical  pressure  hv  main  cliain  =  Tension  x  Bine  of  adg. 

*'  **         **    bacit«Stay  Digiti^JTeMlonXSIneof  idu. 
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Art«  5.  If  the  cables  paas  freely  overa  loose  pin,  d,  V\g4  A,  supported  by  alink  L, 
ftanglng  from  the  f  xed  pin  jr.  aod  eapable  of  moTinf  freely  about  both 
•f  tta  pint;  the  tension  In  the  baek-stey  will,  as  before,  be  equal  to    --, 
(bat  in  the  main  cable;  and  thedireotion  and  amoantof  the  strain     t  lg>4  A 
on  the  piers  will  be  found  in  the  same  way  as  for  Figs  2,  3  and  4 ; 
namely :  lay  off  d  «  and  4  r,  eaoh  equal  to  the  tension,  and  draw  the 
parallelogram  dtvr.   Then  will  d  v  give  the  amount  and  direction  of 
the  strain  on  the  piers.  This  last  will,  of  eourse,  be  transmitted  through 
the  pins  and  the  link.  The  amountef  tension  en  the  link  will  be  given 
by  the  length  otdv;  and  the  link  (being  free  to  move)  will  be  in  line 
with  this  tension.  The  shearing  strain  on  eaeh  pin  is  also  given  by  d  v. 

Art.  6.  But  if  the  ends  of  the  cable  and  back-stay. 
Figs  4  B.  4  C  and  4  D,  at  the  top  of  the  pier,  be  made  fa»t  to  a  truck 
•r  wagon  which  is  supported  by  rollers  on  a  smooth  platform  on  top  of  the  pier,  the  axles  of  thft 
rollers  being  Oxed  In  the  truck }  then  the  strain  on  the  back-stay  will  not  be  the  same  as  that  on  the 
•able,  unless  the  angles  adg and Idu are  equal,  as  in  Fig  4  B. 

It  adg  exceeds  lcl'w,aaiBFlg4C,  the  strain  on  (be 
baok-BUy  will  be  lass  than  lluU  on  the  eable,  and  rioe  f«rsa 
(Fig  4  D). 

But,  in  either  ease,  if  the  top  of  the  pier  Is  hortiontal, 
as  is  usually  the  case,  the  horiiontal  components  of  the 
strains  on  the  oables  and  on  the  baek«stays,  will  be  equal, 
and  will  thas  counteraet  eaeh  other,  and  there  will  oonse- 

Juently  be  no  horixontal  or  oblique  strain  on  the  pier, 
hat  Is,  tb«  strain  on  the  pier  will  be  rertioal. 

To  find  the  amount  of  the  ten* 
■ion  on  tliebaek-stay.andofthepres. 
■nre  on  the  plev(  on  dg  in  either  Fig  ' 

B,  4  C  or  4  D,  lay  off  dt,  equal,  by  scale,  to  the  tensi 
en  the  oable  at  d.  Draw  d  v  peroendioular  to  the  surface 
MM  on  which  the  rollers  rest,  we  assume  that  mn  I 
boriiontal,  as  la  generally,  hut  not  fweessoWIy.  the  case  . 
•nd  d  V,  (hetefore,  Tertical.  Draw  «  *  horixontal,  or  par- 
allel to  m  n.* 

Then  «  v  will  give  the  horixontal  pull  of  the  main  eable 
en  the  wagon,  and  d  v  will  give  the  ve-rtieal  pressure  of 
'  the  wheel  d  on  the  tower  (to  which  that  of  the  wheel  d'  has 
yet  to  be  added).  From  <f  lay  off  cT  o  horixontal,  and  equal 
to  so;  and  draw  re  vertically.  Then  d'r  will  give  the 
amount  of  the  pull  on  the  back-stay;  and  ro  will  give  the 
«erti«al  preseura  of  the  wheel  tf  on  the  pl«>;  which 
must  be  added  to  d  »  for  the  total  rertical  pressure. 

Or  the  various  strains  may  be  eaietUatodr  thus ;  Fl£f  «4  D 

^H^SSIrtl  sa??hJ!  I  ^HorixonUI  pull  at  _  Tension  da  in  v  Ooaln.  of  a  d  « 
SV  W  «  O  «t  the   >-=  middle  of  span   -      eable  at  d      X  Cosine  of  ad  y. 

top  of  the  pier      j 
Strain d' r  in  bark-  \  _  Horixonui  puii » »  or  d*©  at  top  of .  n^,^ «* i ^^^ 

stay  J   -        pier,  or  at  middle  of  span         ^  *^"^  of « d-  u. 

Pre*  on  pier,  perp  )  /Tension  ds       Q,„.^,x        ^-,«.,„«  ^.,      «i«-rf^ 

to  snrf  on  which  tLe  reW  \  sd»-f  ro=  (    on   main  X  ^l°i°M  +  (l^^l2  Ll  X  %2^ 
lers  rest  J  ^  \    cableatd        od^  ^  ^  Von  backstay        IduJ 


Flsr.4  c 


Fig.4  F 

Fi£r«4  E  Art.  7.  When,  as  is  sometimes  the  case  in  light 
bridges,  the  piers  are  posts,  F  Fig  4  E,  of  wood  or  iron,  hinged  at 
the  bottom,  and  having  the  oables  and  back-stays  firmly  fixed  te 
their  tops ;  from  d  draw  d  s,  equal,  by  scale,  to  the  tension  on  the  main  cable  at  d ;  and  d  w  toward 
the  foot  of  the  post.  From  a  draw  a  r  parallel  to  the  back-stay,  and  meeting  d  w  in  r.  Then  will 
8  r  give  the  strain  in  the  back-stay,  and  d  r  will  give  the  amount  and  direction  of  the  pressure  upon 
the  post. 

Art.  8.    As  in  the  Niagara  bridge,  the  cables  often  merely  rest  npon 

Borable  trucks,  or  saddles,  T  Fig  4  F.  curved  on  top  to  avoid  sudden  bends  in  the  oables,  and  resting 
upon  loose  rollers  which  lie  npon  a  thick  horizontal  iron  plate  bolted  to  the  top  of  the  pier,  and  are 
trot  to  move  horixontally.  In  such  cases  the  angles  adg  and  I  d*u  are  made  equal ;  to  that  the  pulta 

•  The  lines  a  I  and  a  v  must  be  drawn  parallel  to  the  tut  face  m  n  on  which  theteagon  resta.whetber 
aaid  surface  be  horixontal  or  inclined.  * 
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il  •  and  (fr  are  equal,  aa  are  alM  their  borlsontal  oomponenU  pd  and  d'o  *  and  the  prcMures  on  tk« 
pier  are  Tertteal ;  aud  if  cbangee  of  temperature  vr  of  loadiog  produce  slight  ohangea  io  the  auglea 
adg  and  I  d' i««  the  truck  will  (by  reason  of  the  inequalitj  thus  brought  about  between  the  hori- 
cniital  componenta)  move  far  enough  to  restore  'the  equality  between  the  anglei.  and  t)etween  the 
horiionul  oomponenta,  and  cooMqueutly  the  preasure  upon  the  pier  will  at  all  times  be  vertieaJ. 

Art.  0.  To  find,  approximately,  the  len«rth  of  a  main  ehaln 

•  64;  rtf.  1 ;  bavlBg  tka  apwi  e  d,  and  the  middle  detl  a  6.    See  preeeding  table,  Art  I. 

HatfUnfth  o/matn  ekaim  =  ^\  H  (detlS)  -f-  (H  obord>s. 

Id  Menat  bridge  the  chord  ed  is  &7»^74  ft;  aud  the  dcH  is  43  ft. 

According  to  the  above  formula,  the  entire  length  is  S8M.S  feet.  By  actual  moasnrenient  the  ehala 
la  precisdj  SM  feet.    The  approximate  rule  below  glres  6811.784  ft. 

NuTK.  The  lengths  obtained  by  this  rule  are  only  approximate,  because  the  calculation  Is  base^ 
npon  the  supposition  that  the  chains  form  a  parabolic  curve :  whereas,  in  fact,  the  cunre  of  a  finished 
bridge  is  neither  precisely  a  parabola,  nor  a  catenary,  but  intermediate  of  the  two. 

The  following  simple  rule  by  the  writer  is  quiM  as  approximate  as  the  foregoing  tedieus  one, 
when,  as  is  generally  the  case,  the  deti  is  not  greaser  than  ^  of  the  chord,  or  span. 

Length  of  main  chain  when  deli  does  not  exceed  one-twelfth  of  the  span  =  chord  -f-  •SS  defl. 

Art.  10.  To  find,  approximately,  tlie  length  of  the  vert 
•nspendlniir  rods  xVf  ^^  t'Iff  It  aasnmlns  the  cnrTO  to 
be  a  parabola. 

Let  m,  rig  1,  be  any  point  whatever  in  the  cunre ;  and  let  w  ir  be  drawn  perp  to  the  chord  c  d ;  and 
c/perp  to  a6;  then  in  any  parabola,  as  a^  :  air>  : :  a6  :  bf.  And  6/thus  found,  added  to  bt, 
(which  is  supposed  to  be  already  known,  being  the  length  deoidadoo  for  the  middle  suspending  rod,) 
-gives  X  f ,  the  length  of  rod  reqd  at  the  point  c;  and  so  at  any  other  point. 

\thf  thaM  found  be  taken  fk*oni  the  middle  defleetlon  a  b, 
it  leavefi  tr  at*;  and  tha«  auy  deflection  w  »  of  the  main  cUain  ur  cable,  may  be 
found  when  we  know  iu  hor  dist*  a  to,  trom  the  center,  a,  of  the  spau. 

In  the  foregoing  rule,  the  floor  of  the  bridge  is  suppoaed  to  be  straight :  but  generally  it  is  raised 
toward  the  center;  and  in  that  case,  the  rods  must  first  be  calculated  aa  if  the  fioor  were  straight, 
and  the  requisite  deductions  be  made  afterward.  When  it  riims  in  two  straight  lines  meeting  in  the 
center,  the  method  of  doing  this  is  obvious.  When  an  arc  of  a  circle  is  used,  its  ordioatea  may  be 
calculated  and  deducted  from  the  lengths  obuined  by  this  rule. 

Or,  having  drawn  the  curve  by  the  rule  for  drawing  a  parabola,  the  dimensions  can  be  approx- 

imated to  by  a  ncalf.  The  adjustments  to  the  precise  lengttM  must  be  made  during  the  actual  coo* 
struction  of  the  bridge,  by  means  of  nuts  on  their  lower  screw-ends.  The  rods  require,  therefSwe. 
only  to  be  made  long  enough  at  first. 

The  towers,  piers,  or  pillars,  which  iipliold  the  ehaiiM  or 
eables,  admit  of  an  endless  varletv^  in  desitrn.  Aooording  to  cir- 
cumstances, they  may  consist  each  of  a  single  vertical  piece  of  timber,  or  a  pillar  of  east  or  wrought 
iron ;  or  of  two  or  more  such,  placed  obliquely,  either  with  or  without  connecting  pieces ;  like  the 
benti  of  a  trestle.  Or  they  may  be  made  (with  any  degree  of  or. 

namenUtion)  of  cast-iron  plates ;  as  in  iron  house<fronU.  Or  they  maj  be  mt  muourjt  brick,  or 
eoncrete;  or  of  any  of  these  combined. 

Each  of  the  snspendlnir-rods,  through  which  the  floor  of  the  bridge  ig 
npheld  by  the  main  chains,  requires  merely  strength  lutOoient  to  support  safely  the  greatest  load 
that  can  come  upon  the  intervsl  between  it  and  hsif'way  to  the  nearest  rod  on  each  aide  of  it ;  in- 
eluding  the  wt  of  the  platform.  Ice,  along  the  ■ane  IntervaL 

In  anehorlnv  the  backstays  into  the  irronnd,  it  is  necessary  to 

Bure  for  them  a  sufllciently  safe  resistance  against  a  pull  equal  to  the  strain,        upon  the  baeksUy. 


As  to  the  anchorage  of  the  cables  helow  the  surfttce  of  the  ground, 

natural  rook  af  flrm  character  i^  the  uin^t  favorable  material  that  can  present  itself.  When  it  is  not 
preseat,  serious  expense  in  mason  rjr  muxt  be  iuourred  in  large  spans,  in  order  to  secure  the  necessary 
weight  to  resist  the  pull  of  the  cables.  Our  Pigs  4^  give  i<l  t»as  of  the  modes  most  frequently  adopted. 
For  a  very  small  bridge,  nqfib  as  a  short  foot' bridge,  for  ItiHtance,  the  backstays  may  simply  be  an- 
chored to  large  stooea,  (,  Pig  A,  buried  to  a  sufficieat  depth.  Or,  if  the  pull  is  too  great  for  so  simple 
a  precautloo,  the  block  of  manour;,  mm.  may  be  added,  enclosing  the  backstay.  A  dose  covering 
of  the  mortar  or  cement  of  the  masonry  has  a  protecting  effect  upon  the  iron. 

To  avoid  the  aeoessky  for  extending  the  backstavs  to  so  ftreat  a  dist  under  ground,  they  are  nsnaliv 
curved  near  where  they  descend  below  the  surface,  as  showa  «(  B,  D,  and  B;  so  as  sooner  to  reach 
the  reqd  depth.  This  curung,  bowever,  gives  rise  to  a  now  strain,  in  the  direction  shown  by  th« 
arrows  in  Ftg!i  B  and  D.  The  nature  of  this  stratn.  and  the  mode  of  finding  its  amount,  (knowing 
the  pull  on  the  backsuy.)  are  very  simple;  and  fully  explained  under  the  head  of  Funicular  If  a- 
chine.  The  masonry  must  be  disposed  with  refr-rence  to  resisting  this  strain,  as  well  as 

that  of  the  direct  pull  of  the  backstay.  With  this  view,  the  blocks  of  stone  on  which  the  bend  resu 
should  be  laid  in  the  position  shown  In  Fig  D  ;  or  bv  the  single  ^lock  in  Fig  B.  Sometimes  the  bend 
is  made  over  a  cast-iron  chair  or  standard,  as  at  z,  Fig  F,  firmly  bolted  to  the  masonry. 

Vlt  R  shows  the  arrangemeot  at  the  Niagara  railway  bridge  of  6'ilii  ft  span.    The  wir»  baekatays 

end  !tt  ec;  and  from  there  down  to  their  anchors,  they  con.tist  of  heavy  chains ;  each  link  of  which 

Is  composed  of  (alternately)  7  or  8  parallel  bars  of  flat  imti,  with  eye  ends,  throngh  which  pass  bolts 

Each  of  the  7  bars  of  each  link  is  1.4  ios  thick,  by  T  ins  wide,  near  the 
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•t  part  of  the  ebalo ;  bat  tb«y-  gradaally  InoreMe  from  thMO*  npwmrd,  «ntil  at  e,  e,  where  thn 
e  with  the  wire  oable,  the  eeotional  area  of  each  Unk  is  M  iq  tut.   These  ebala  baoknaTs  pass  la 


uite  witn  uie  wire  oaoie,  tne  eeoaonai  area  or  eaon  itfot  u  w  iq  tut.  Theee  ebata  baoknaTs  pass  li_ 
a  oure  through  the  masaiTe  approach  walls.  (28  ft  hif h,)  and  deeoend  vertioally  down  ehafta  t,  t,  % 
ft  ^Mpin  the  solid  rook.    Here  they  jgass  throufh  the  caat-iroa  anchor-platee,  to  which  tb«^  are  ooa- 


telow  br  a  bolt  SH  Int  dlam.    The  aochoF-platei  are  8H  f^t  •qaare,  and  2^  ios  tbiok ;  <ucoept 
for  a  spaoe  of  at — •  «*  r-„  w_  «• ._.    ..^v . u — .^.  -^_. .^ ._    _^_  .  ,^ 


r  about  20  uut  by  96  ina»  at  the  oenter  where  the  ohalna  pass  through,  where  th^  are  1 


fbofc  thick.  Tbroigb  thii  thlek  part  ti  a  eeparate  openlog  for  each  bar  eompeetng  the  lowest  Hnk. 
VroB  this  part  alao  radiate  to  the  ouuir  edgea  of  the  lower  face  of  the  plate,  eight  rlba,  2^  ins  thick. 
The  shafts  »,  $,  have  rough  sides,  as  tbej  were  blasted ;  aud  average  8  fl  by  7  ft  aeross ;  except  at  the 
botton,  where  tb^  are  8  ft  square.  Tbey  are  completely  filled  with  cement  masonry,  with  dressed 
beds,  well  in  oootact  with  the  sides  of  the  shafts ;  and  thoroughly  grouted,  thus  tightly  emrelming 
the  chains  at  every  point;  as  does  aluo  the  masonry  of  the  approach  wall  ww;  which  extends  98  ft 
abovegronnd;  and  is  6  ft  thick  at  top,  and  lOH  ft  thick  at  Its  base  on  the  natural  rock. 
D,  Figs  4>^,  shows  a  mode  that  may  be  used  in  most  cases,  for  bridges  of  any  span.  The  depth 
•''•-'  qnently  the  auantity  of  masonry  in  it,  will 

through  earth.    If  through  firm  rook,  then 


•nd  the  area  of  transveme  section  of  the  shaft,  and  consequently  the 


may  c 
of  the 


depend  chiefly  upon  whether  it  Is  sunk  through  rock,  or 
if  ita  aldea  be  made  irregular,  and  the  masonry  made  to  fl 
ttaaoe  may  be  placed  upon  it  to  assist  the  weight  of  the 


fit  eecorely  into  the  irregularities,  much  re« 
in  resisting  the  pull  on  the  back* 


•tajs.    Earth  al«o  assisu  materially  in  this  respect. 

F  la  the  arrangement  in  the  Chelsea  bridge  of  8SS  feet  span,  across  the  Thames,  at  London ;  Thoa. 
Page,  eng.  The  space  fh>m  one  wall  6  6,  to  the  opposite  one,  Is  45  fleet;  and  is  built  up  solid* with 
brickwork  and  eoncrete:  except  a  passage-way  4  ft  wide,  and  6  ft  high,  along  the  beekstoy ;  and  a 
■maU  chamber  behind  the  aaehor-plates.    It  rests  chiefly  ca  piles. 

The  arrangement  by  Mr  Brunei,  In  the  Charlnc  Cross  bridge, Loadoa,*  It  rery  similar.  In  It  also 
the  entire  abutment  rests  on  pilea ;  and  la  40  ft  high,  80  ft  thick,  and  solid,  except  a  narrow  passage- 
war  along  the  chains.    The  backsuys  extend  tnte  It  00  ft.    8pMi  676  feet.    DeflfiOfeet. 

O  la  intended  merely  as  a  general  hint,  which,  rarionsly  mediOed.  may  find  its  application  In  the 
ease  of  a  small  temporary,  or  even  permanent  bridge ;  fbr  the  number  of  pieces,  <,  t,  *c,  may  be  in- 
'    B.ahy  necessary  extent ;  and  they  may  be  made  of  iron  or  stone,  instead  of  wood. 


■,  aad  F,  the  cable  mar  he  nppoeed  either  te  be  tightly  surtxmaded  by  the  uasoary  and  gionted  to 
It,  erelae  to  be  surrounded  bj  a  eyiiadrioal  passageway  like  a  cnlrert,  so  as  to  be  at  all  times  aoces* 
aible. 

Soft  fHable  stone  mast  be  carefully  excluded  from  luoh  parts  of  the  anchorage  as  are  most 
direcUj  opposed  to  the  pull  of  the  baokstaja. 

If  blocks  of  stone  large  enough  for  securing  good  bend  are  not  procurable,  heavy  T-ralle,  bars  of 
Iron,  er  l-beama,  mav  be  advantageously  Introduced  for  that  purpose. 

The  nsssee  awst  be  feaaded  at  such  a  depth  as  not  to.alido  by  the  yielding  of  the  earth  in  Ihmt 

of  f^hl'T^T 

For  aafety,  U  Is  well  to  disregard  the  edbct  of  fHctl«m  In  diminishing  the  tension  on  the  backstay, 
and  to  regard  that  tension  as  eontlnuicg  unifbrm  throughoutthe  baekstay  to  lu  end,  even  when  the 
baokatay  ia  curved  and  Imbedded  in  the  masonry,  aa  at  E,  F^*  ^H* 

The  side  parapets  should  be  high  aad  stout,  so  as  to  act  as  stlfiening 
truaaea,  and  bhould  not  be  restricted  to  service  as  mere  hand-rails  or  guards.  As  a  rule  of  thumb 
tbdr  denth  may  be  made  aa  K  V'  span,  prevlded  the  depth  be  sot  lesa  than  that  required  fbr  a 
hand-raU.  The  parapeta  should  be  etoatly  construcied,  with  special  attention  to  the  strength  of 
thair  Jolata,  fbr  these  are  exposed,  by  the  undulations  aad  lateral  motions  of  the  bridge,  to  violent 
•eraating  fbrces  In  all  dlrecttoas. 

*  Removed  to  Clifton,  England,  in  1861,  aud  replaced  by  an  Iron  truss  railway  and  foot  bridge. 
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Tbe  welchti  In  the  fbUowliis  table  of  oootm  inolade  the  b«ad ;  but  the  lennUia,  m  mmL 

■re  taken  'Hinder  the  head ; "  or  are  thoie  of  the  shanki  onlj.    In  practice,  disorepaaoiei  of  6  or  4 
per  et  in  wt  maj  be  expected. 


Length 
•f  Bhank. 


% 


K 


INaa«tei»  of  Blyett  !■  lMk««, 


m     V4 


8.0 
8.8 
4.6 
6.4 
6.2 
6.9 
7.7 
8.5 
0.2 
10.0 
10.8 
11.5 
12.8 
13.1 
18.8 
14.6 
15.4 
16.2 
16.9 
17.7 
18.4 
19.2 
20.0 
21.5 
28.0 
24.6 
26.1 
29.2 
82.2 
85.8 
88.4 


Welsktori«*BJ 

[relate] 

TmnU. 

8.5 

, 

....... 

9.9 

17.3 

., 



11.2 

19.4 

26.6 

88.9 





12.6 

21.5 

28.7 

48.1 

66.8 

91.5 

18.9 

28.7 

81.8 

47.8 

70.7 

98.4 

15.3 

25.8 

84.9 

5L4 

76.2 

105 

16.6 

27.9 

87.9 

66.6 

81.6 

112 

18.0 

30.0 

41.0 

69.8 

87.1 

119 

19.4 

32.2 

441 

64.0 

92.5 

126 

20.7 

84.3« 

47.1 

68.1 

98.0 

188 

22.1 

36.4 

60.2 

72.8 

108 

140 

28.5 

38.6 

68.8 

76.5 

109 

147 

24.8 

40.7 

66.4 

80.7 

114 

154 

26.2 

42.8 

59.4 

848 

120 

161 

27.5 

45.0 

62.6 

89.0 

125 

167 

28.9 

47.1 

65.6 

93.2 

131 

174 

80.3 

49.2 

68.6 

97.4 

136 

181 

31.6 

51.4 

71.7 

102 

142 

188 

33.0 

53.5 

748 

106 

147 

196 

34.4 

55.6 

77.8 

no 

153 

202 

35.7 

57.7 

80.9 

114 

158 

209 

37.1 

59.9 

840 

118 

163 

216 

38.5 

62.0 

87.0 

122 

169 

228 

41.2 

66.8 

93.2 

131 

180 

286 

439 

70.5 

99.8 

189 

191 

260 

46.6 

74.8 

106 

147 

202 

264 

49.4 

79.0 

112 

166 

218 

278 

54.8 

87.6 

124 

173 

284 

806 

60.8 

'96.1 

186 

189 

256 

888 

65.7 

105 

148 

206 

278 

861 

71.2 

118 

161 

228 

800 

888 

128 
183 
142 
150 
169 
167 
176 
184 
198 
201 
210 
218 
227 
286 
244 
268 
261 
270 
278 
287 
804 
821 
888 
866 
889 
428 
467 
491 


Tbe  dlAm  of  riTeta  for  bridee  work  is  from  )^  to  1  loch ;  usnaUj  %  to 
%\  and  for  plates  more  than  .5  incD  thick,  it  is  about  1.5  times  the  thickness: 
and  for  thinner  ones  about  twice ;  but  these  proportions  are  not  closely  adhered 
to.  The  eommon  form  of  rivets  as  sola  is  shown  at  R,  Fin  3,  a  head 
and  the  shank  in  one  piece :  and  S  shows  the  same  when  after  oeing  heated 
white  hot  it  is  inserted  into  its  nole.  and  a  second  head  (conical)  formed  on  it  by 
rapid  hand-riveting  as  it  cools.  When  lon«:er  flian  abont  6  Ins  they 
are  cooled  near  the  middle  before  being  inserted,  lest  their  contraction  in  cooling 
•hoold  split  off  their  heads.  The  hemispherical  heads  often  seen,  called  snmp 
heads,  are  formed  by  a  machine.  The  two  heiMls  alone  reqaire  about 
as  much  iron  as  3  diams  length  of  shank.  Leniirth  of  a  head  «>  about  1 
diam  of  shank ;  and  its  width  about  2  diams  of  shank. 

RiTetins  of  Steam  and  Water  Tlfpht  Joints. 

Joints  for  boilers  and  water-tight  cisterns  are  usually  proportioned  about 
as  per  the  following  table  by  Falrbairn ;  and  are  made  as  shown  eitfalsr  by  Fig  1, 
or  Fig  2.  Fig  1  is  called  a  siniple^riveted,  and  Fig  2  a  donble-rlveted 
lap-joint.    The  dist  a  a,  or  e  c,  is  the  lap. 

Mr  Fairbaim  considers  the  strength  of  the  single-riveted  lap-joint  to  be  about 
.56 ;  and  that  of  the  double-riveted,  about  .7  that  of  one  of  the  ftiil  unholed 
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plates,  when  both  Joints  are  proportioned  as  in  Iiis  -following  table.    But  some 

later  experimeo  ters  consider  about 


ar- 


o 
o 
o 


o 
o 
o 


Fig  1.  Fig  2. 

proportions  include  friction  (Art  4\  without  whicli  they  would  6e  about  A  and  .5. 


.5  and  .6  as  nearer  the  correct  aver- 
age. Experiments  on  the  subject 
are  quite  conflicting;  and  it  is 
plain  that  no  one  set  of  propor- 
tions can  preciselT  suit  all  the  dif- 
ferent qualities  of  plate  and  rivet 
iron.  With  fkir  qualities  of  both, 
there  is  every  reason  to  rely  upon 
.5  and  .6  (or  about  one-seventh 
part  less  than  Fairbairo's  assump- 
tion) as  safe  for  practice.    These 


Fairbalrn 

's  table  for  proportionlnir  the  rlTetlnfr  for  Btemn 
and  water*tifrlit  lap-joints. 

TbiekiMM«r 

•Mb  plMt. 

DiaoMUr  of 
riT«u. 

UDfthofihuk 
iMfoi.  driviaii. 

FnuB«8Bter(o 
center  of  rivets. 

Lap  in  slnf  le 
rtTetinf. 

Lap  io'donble 
riveting. 

iBt. 

lu. 

Sat. 

Int. 

Int. 

Int. 

8-lC 

% 

% 

1^ 

IK 

2^ 

& 

n 

M 

ill 

})l 

1^ 

i 

i 

r* 
f" 

2 

1 

lliTetiBff  of  iron  girders,  bridges,  Ae, 


KC 


i w 


ooojo    o 

OOOiOD    O 

o  o  ojo    o 


Or-^^-'=»— =^ 

\l,      . 

"'    VgV       V 

V   V  V  '  ' 

Art.  1.  Tlie  saMeet  of  riTetlofl:  Is  abstruse,  and  inTolved  in 
much  uncertainty;  andexperimental  results  are  very  discrepant.  We  here  pro- 
pose merely  to  confine  ourselves  to  what  is  considered  the  best  joint;  and  for 
safety  we  shall  omit  friction:  see  Art  4.  In  girder  and  bridge  work  the  lap- 
joints  above  described  are  selaom  used.  Instead  of  them,  the  plates  p,  Figs  3,  to 
be  joined,  are  butted  up  squajre  against  each  other,  thus  forming  a  butt -Joint, 
i  ^  Fig  D;  and  are  united  by  either  a  single  coTerlns-plate,  eover, 
irrapper,  fish-plate,  or  welt  e  «.  Fig  K ;  or  the  best  oi  all  by  two  of  them, 
as  at  A,  or  0  0,  0  0,  Fig  B.  In  what  follows,  the  term  plate  never  includes  the 
covers.  The  single  cover,  like  the  lap-joint,  allows  both  plates  and  cover  to  bend 
under  a  strong  pull,  somewhat  as  at  W,  thus  weakening  them  materially :  whereas 
the  double  cover  00,00^  Fig  B,  keeps  uie  pull  directly  along  the  axis  of  the  plates, 
thus  avoiding  this  bending  tendency.  It  also  brings  the  rivets  into  double  shear, 
thus  doubling  their  stren^h.  When  there  is  but  one  cover,  it  should  be  at  least 
as  thick  as  a  plate ;  and  when  there  are  two,  experience  shows  that  each  had  bet- 
ter be  about  ttvo-thirdi  as  thick  as  a  plate,  although  theory  requires  each  to  be 
but  kaffu  thick  as  a  plate.  r^ ^^^1^ 
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Tlie  leiifftli  w  w  of  covers  across  the  Joint  is  equal  to  that  of  the  Joint 
Batta  reqaire  twice  an  many  rivet*  as  laps,  because  in  the  lap  each 

rivet  passes  through  both  the  joined  plates;  and  in  the  butt  through  onlv  one. 

The  rivets  and  plate  on  one  Hide  only  (right  or  left)  of  the  Joint- 
line  i  i  of  any  properly  proportioned  bntt-Joint  D,  represent  the  full  strength 
of  the  Joint,  inasmuch  as  those  on  one  side  pull  in  one  direction,  against  those  on 
the  other  side,  which  pull  in  the  oppoaite  direction.  Therefore  in  designing  such 
Joints  we  need  keep  in  mind  only  those  on  one  side,  as  is  done  in  what  follows. 
Thus  a  single,  double,  or  triple-riveted  butt-joint  D  implies  one,  two,  or  threo 
rows  of  rivets  on  each  side  of  the  Joint-line  •  i,  and  parallel  to  it.  In  a  prop!> 
erly  proportioned  lop  the  strength  is  as  ail  the  rivets,  because  one-half  of  them 
do  not  pull  against  the  other  half,  but  one  end  of  every  rivet  pulls  in  one  direc- 
tion, and  its  other  end  in  the  opposite  direction. 

The  net  iron,  net  plate,  or  net  Joint.,  is  that  which  is  left  between 
the  rivet  holes,  and  outside  of  the  two  outer  ones,  all  on  a  straight  line  drawn 
through  the  centers  of  the  holes  of  on«  row.  Its  width  and  area  are  called  the  net 
ones  of  the  joint.    That  between  other  rows  does  not  increase  the  strength. 

In  Vip  3,  N,  and  K,  the  rivets  are  in  single  shear,  while  those  in  A  and  B 
are  in  double  shear. 

Art.  2.  Bridye-Joints  are  not  required  to  be  steam  or  water- 
tlgrht  like  those  of  boilers  or  cisterns ;  and,  therefore,  by  inereHHiiig  the  breadth 
of  the  overlap,  or  the  length  of  the  covers,  the  rivets  may  l>e  placeid  in  several 
rows  behind  each  other,  as  the  3  rows  of  8  rivets  each  in  M  au«l  1»,  instead  of  only 
one  row  of  9  rivets,  as  in  L.  By  this  means,  without  losing  any  of  the  strength  of 
the  9  rivets,  or  of  the  net  iron,  we  may  narrow  the  width  of  tlie  plate  to  an  ex- 
tent equal  to  the  combined  diams  (6  in  this  case)  of  the  holes  thus  dispensed  with 
in  the  one  row.  Moreover,  by  usins  more  than  one  row  we  lessen  the  weakening 
effect  shown  at  W.  This  mode  of  placing  the  rivets  directly  behind  each  other  In 
several  rows,  as  at  M,  and  at  the  left-hand  half  of  Fig  D,  constitutes  Mr  Fair- 
bairn's  chain  ri  vetiniT ;  but  the  joint  will  be  somewhat  stronger  if  the  rivets 
areplaced  in  siirsairinflr  order,  aa  In  the  right-hand  half  of  Fig  D. 

The  dist  apart  or  the  rows  from  cen  to  cen  should  not  be  Ua 
than  2  diams.  It  is  questionable  to  what  extent  this  increase  in  the  number  of 
rows  may  be  carried  without  an  appreciable  loss  of  strength  in  the  rivets  conse- 
quent upon  the  impossibility  of  quite  equalizing  the  strakis  on  the  separate  rows. 
But  it  is  probable  that  if  we  do  not  exceed  2  or  3  rows  in  laps,  or  the  same  num- 
*ber  on  each  side  of  the  Joint-line  in  butts,  we  may  in  practice  assume  that  each 
row,  and  each  rivet,  is  nearlv  equally  strained. 

Bivet-holes  are  usually  of  about  one-sixteenth  inch  greater  diam  than  the 
original  rivet,  so  as  to  allow  the  hot  rivet  to  be  easily  inserted  The  subsequent 
hammering  swells  the  diam  of  the  rivet  until  It  fills  the  hole.  We  may  either 
take  this  increased  diam  of  rivet  into  consideration,  as  we  have  done,  in  calcula- 
ting its  shearing  and  crippliufz  strength,  as  explained  farther  on,  or  with  reference 
to  increased  safety  we  may  omit  it.  Drilled  rivet-holes  are  said  to  be  better 
than  punched  ones,  as  the  drilling  does  not  injure  the  iron  around  them;  but  on 
the  other  hand  their  sharper  edges  are  said  to  shear  the  rivets  more  readily. 
Hence,  such  edges  are  sometimes  reamed  oft.  Both  these  points  are,  however, 
disputed :  and  both  modes  are  in  common  use. 

TheLflist  from  the  edipe  of  a  hole  to  the  end  of  a  plate  or  cover  should 
not  be  less  than  about  1.2  diams,  to  prevent  the  rivets  from  tearing  out  the  end 
of  the  plate;  nor  nearer  the  side  edge  of  a  plate  than  half  the  clear  dist  between 
two  holes  as  given  by  the  Rule  in  Art  5.  Tne  first  is  rather  more  than  Fairbaim 
directs. 

Bivet  holes  weaken  the  net  Iron  left  between  them,  not  only  by  the 
loss  of  the  part  cut  out,  but  either  by  disturbing  the  iron  around  them,  or  perhaps 
by  changing  the  shape  of  the  net  line  of  fracture,  which  may  not  then  reaut 
tension  as  well  as  while  it  was  a  continuous  straight  line.  Some  deny  both  cauae 
and  effect  entirely,  each  party  basing  its  opinion  on  experiments.  But  the  mass 
of  evidence  seems  to  the  writer  to  show  that  the  net  iron  loses  on  an  average 
about  one-seventh  of  the  strength  due  to  the  net  width.  With  a  view  to  safety, 
which  we  consider  to  be  of  paramount  Impertance,  we  shall  in  what  follows 
assume  (until  the  auestlon  is  definitely  settled^  that  there  is  such  a  loss  of 
strength  in  the  net  iron. 

Blveted  Joints  for  reslstinir  compression  should  depend,  not  as 
might  be  supposed  upon  their  butting  ends,  but  upon  either  the  shearing  or  the 
crippling  strength  of  the  rivets;  for  contraction  or  bad  work  may  throw  the 
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Sreasure  on  the  rlrets.    Blacliine  rivetlnip  is  somewhat  stronger  than  that 
one  (as  is  assumed  In  our  examples)  by  hand.    Tlie  tlilclcne«s  of  plate* 

used  in  girders,  tubular  bridges.  &e,  is  usually  .2S  to  .5  inch ;  with  thicker  ones 


jwkww    «*•       JUL    Bav^w;^*  j^wummw    ■■■••.y     ^  a«7awB    *■■     waai 

properlT  proportioned,  namely,  by  the  shearing  of  its  ri 
apart  of  the  net  plate  between  the  rivet  holes ;  or  by  the  crlppllnfp  (a ! 
^ , T  crumpling)  of  the  nlates  by  the  rivets  when  the 


up  to  1  inch  sparingly  in  large  ones.    A  pncklnv  piec«9  as  the  shaded  piece 
in  P,  is  one  inserted  between  two  plates  to  prevent  their  being  bent  or  drawn 
together  by  the  rivets. 
Art.  8.    A  riveted  Joint  misr  yield  In  tbree  wbts  after  being 

'  '        "* '"1  rivets;  or  oy  the  pulling 

_"*  „  ikindof 
compression,  mashing,  or  crumpling)  of  the  plates  by  the  rivels  when  the  two  are 
too  lorciblv  pulled  against  each  other.  It  slso  compresses  the  rivets  themselves 
transversely.  Ht  h  leMti  strain  tlian  the  shearini^  one;  and  this  partial 
yielding  of  both  plates  and  rivets  allows  the  joint  to  ntreten,  and  may  thus 

eroduce  ii^urious  unlooked-for  strains  in  other  parts  of  a  stmcture,  considerably 
efore  there  is  any  danger  of  actual  fracture.  Or  in  steam  and  water  joints  it  mar 
caoae  leaks,  without  Ikrther  inconvenience,  or  danger.  For  a  long  time  this 
erippling  had  entirely  escaped  notice,  and  it  wassupposed  that  the  only  important 
point  in  designing  a  rivetea  Joint  was  that  the  tensile  strength  of  the  net  plate, 
and  the  shearing  strength  of  the  rivets  should  be  equal  to  each  other. 

The  erippfinip  strenirth  of  a  Joint  is  as  the  number  of  rivets,  in  a  lap. 
or  the  number  on  one  side  of  the  ioint-llne  in  a  butt  X  diam  x  thickness  of  Joined 
plate.  This  product  gives  the  crippled  area  of  the  joint.  We  shall  here  call  the 
diam  X  thickness  of  plate,  the  eripplinfr  area  of  a  rivet  If  there  are  S  or 
more  plates  (not  coven)  on  top  of  each  other  at  one  joint,  their  unHed  thiokneas 
is  used  for  finding  the  crippling  area.  The  altimate  erlppliMff  nnlt* 
by  which  the  above  product  ts  to  be  multiplied  for  the  actual  ultimate  crippling 
strength  of  the  joint,  may  be  sately  taken  a^  about  60000  lbs,  or  26.8  tons, per  sq 
inch. 

The  diam  of  a  rivet  in  ins  to  resist  safeljr  a  given  single-shearing 
force  is  found  thus:  Mult  the  shearing  force  by  the  ooef  of  safety,  that  is  by  the 
number,  3,  4,  or  6,  Ac,  denoting  the  required  degree  of  safety.  Call  the  product  g. 
Mult  the  ultimate  shearing  strength  per  sq  inch  of  the  rivet-iron,  by  the  decimal 
.7854.  Call  the  product  b.  Divide  g  by  b.  Take  the  sq  rt  of  the  quotient.  The 
^bearing  force  and  the  shearing  strength  must  both  be  in  either  B>s  or  tons. 

Or  by  a  formula, 

afety 


Diam  in  ins  < 


V 


Shearing  force  X  coef  ofl 
Ult  shearing  strength  per  sq  inch  X  •7854 


If  the  riTet  is  to  he  don  hle-sh eared,  first  mult  only  half  the  shearing 
force  by  the  coef  of  safety.    Tlien  proceed  as  before. 

Or,  near  enough  for  practice,  mult  the  diam  in  single  shear  by  the  decimal  .7. 

The  ultimate  snearinir  nnit  fur  average  rivet-iron  may  be  taken  at 
about  45000  lbs,  or  20.1  tons  per  sq  inch  of  circular  sheared  section. 


Tahle  of  nltlnsate  slnirie  shearing  strength  of  rlwets. 

(market  sizesX  in  single  shear;  at  45000  lbs  or  20.1  tons  per  sq  inch. 

This  tahle  is  not  to  be  nsed  when  as  in  our  **  Example,"  Art  5,  the 
erippllnir  strength  of  the  rivet  governs  the  strength  of  the  joint. 

If  the  rivet  is  in  do\ihle  shear  it  will  have  twice  the  strength  in  the 
table. 

For  the  diam  in  donhle  shear  to  equal  the  strength  in  the  tahle,  mult 
the  diam  in  the  table  by  the  decimal  .7 ;  near  enough  for  practice ;  strictly,  .707. 


Diam. 
Ins. 

Diam. 
loa. 

lb.. 

Tom. 

Dlaa. 
lu. 

Diam. 
Ids. 

B>«. 

Tom. 

Diam. 
los. 

Diam. 

IM. 

Iba. 

Tons. 

Vs 

.125 

582 

.246 

.662 

11188 

4.90 

X 

1.009 

85343 

15.8 

187 

1242 

.554 

% 

.625 

13806 

6.16 

1.062 

39899 

17-8 

H 

.250 

2209 

.986 

.687 

16705 

7.46 

1% 

1.1,25 

44731 

20.0 

.812 

8452 

1.54 

% 

.750 

19880 

8.88 

1.187 

49838 

22.2 

% 

.875 

4970 

2.22 

.812 

23332 

10.4 

iM 

1.250 

55224 

24.6 

487 

6765 

3.02 

H 

.875 

27060 

12.1 

1.JI12 

60885 

27.2 

M 

.500 

8836 

294 

.937 

31064 

13.9 

1% 

1.875 

66820 

29.8 
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Tbe  tensile  •trenstli  of  a  properly  proportioned  Joint  ia 

equallT  as  either  the  sectional  area  of  the  net;  j^late  (not  covers)  across  tbe  cen- 
ters  of  only  one  row  of  rivets :  or  as  the  shearing  or  the  crippling  (as  the  case 
may  be)  areas  of  all  the  rivets  in  a  lap,  or  of  all  the  rivets  on  one  side  of  tbe 
joint-line  in  a  butt.  Tbe  tensile  strength  of  fair  qualitv  of  plate  iron,  before  the 
rivet  holes  are  made,  averages  about  45000  fi>8,  or  20.1  ions  per  sq  inch ;  but  we 
shsdl  for  safety  assume,  as  stated  in  Art  2,  that  the  making  of  the  holes  reduces 
the  strength  of  the  net  iron  that  is  left  about  one-seventh  part,  or  to  38500  fi>8, 
or  17.2  tons  per  sq  inch. 

Rem.  Even  this  Is  considerably  too  gn^eat  for  laps,  or  for  butts 
with  one  cover,  owing  to  the  weakening  of  the  iron  in  such  by  the  bending  shown 
at  W,  Figs  8.    But' we  are  not  speaking  of  such. 

Art.  4.  Tbe  friction  between  tbe  plates  in  a  lap,  or  between  the 
plates  and  the  covers  in  a  butt,  produced  by  their  being  preseea  tightly  together 
by  the  contraction  of  the  rivets  in  cooling,  adds  much  to  the  strength  of  a  joint 
while  new,  perhaps  as  much  as  1.5  to  3  tons  per  sq  inch  of  oirc  section  of  all  the 
rivets  in  a  lap,  or  of  all  on  one  side  of  a  single-cover  butt;  or  8  to  6  tons  of  all  on 
one  side  of  a  double-cover  butt.  In  quiet  structures,  this  friction  might  continue 
to  exists  either  wholly  or  in  part,  for  an  indefinite  period ;  but  in  brkQ;es,  <&c,  sab" 
ject  to  incessant  and  violent  jarring  and  tremor,  it  is  probably  soon  diminished, 
or  entirely  dissipated.  Henee  good  authorities  reconmiend  not  to  rely  on  it,  ana 
it  is,  therefore,  omitted  in  what  follows* 

Art.  5.  We  now  give  rules  for  finding  the  number  of  rivets  required  for  a 
doable  cover  baet*Jolnt  (the  only  kind  of  which  we  shall  treat),  and  their 
clear  or  net  distance  apart  This  dist  +  one  diam  is  the  pitcb  of  the  rivets,  or 
their  dist  ttom  center  to  center.  The  principle  of  the  rule  will  be  explained 
further  on,  at  Art  7. 

First,  select  a  diam  of  tivet  either  eqnid  to  or  greater  than  .86  times  the 
thickness  of  the  plate.  In  practice  they  are  generally  IJS  times  for  plates  }^  inch 
or  more  thick ;  and  2  for  thinner  than  14  ^- 

Second,  mult  the  greatest  total  pull  in  pounds  that  can  come  upon  the  entire 
joint  by  the  coef  (3,  4,  or  6,  Ac)  of  safety,  and  call  the  product  p. 

Tbird,  multiply  the  crippling  area  of  the  rivet  (that  is,  its  diam  X  the  thick* 
ness  of  plate)  bv  60000.  The  prod  is  the  ult  cripplinff  strength  of  a  rivet.  Call  it  m. 

Foartb,  divider  by  m.  The  quotient  will  be  the  number  of  rivets  to  sustain 
the  given  pull  with  the  reqd  degree  of  safety. 

Then,  tbe  clear  distance  apart  will  be 

Number  of  rows  X  Pfawn  X  <»00^ 
88600 

Fiftb.  The  clear  dist  from  either  end  hole  of  a  row  to  the  side  edge  of  the  plate, 
should  be  not  less  than  half  the  clear  dist  between  two  rivets  in  a  row. 

Example.  A  double-cover  butt-joint  in  .6  inch  thick  plate  is  to  bear  an  actual 
puU  of  38760  lbs,  with  a  safety  of  4;  or  not  to  break  with  lees  than  83760  X  ^  ** 
136000  lbs.    How  many  rivets  most  It  have ;  and  how  fti*  apart  most  they  be  f 

First,  Here  J6&  times  the  thickness  of  the  plate  is  .6  X  .86  »  .426  inch;  there* 
fore,  our  rivets  must  not  be  less  than  .426  inch  in  diam ;  but  we  will  take  .76  inch 
diam. 

fiecond.  Tbe  greatest  pull  X  coef  of  safety  —  88760  X  ^  —  136000  lbs  -«  p. 

Tblrd,  The  crippling  area  of  a  rivet  X  ^0000  » .76  X  .6  X  «>000  »  22500  «  nk 

Fonrtb,  ^  -  ^^  =- 6  rivets  reqshwd  on  each  side  of  tbe  jolnUine. 

And  the  dear  space  or  net  width  between  them  will  be.  If  tbe  6  rlTCts 
are  In  one  row  t 

Diam  X  60000       46000       ,,««.. 

38600 "MdOO-^^*®^*"^ 

1  0188 
And  the  pItcb  -  net  space  +  diam  >-  1.1688  +  .76  -  1.0188  ins,  -  ~^=^^ 
mm  2.66  diftnis.  '^^ 

In  practice,  to  fivoid  troublesome  decimals,  we  might  make  the  net  spaee  1.2  Inst 
and  the  pitch  1.05;  but  to  show  fiairther  on  the  wo»ing  of  the  rule,  we  adhere  ta 
the  mure  exact  ones. 

FIftb,  Tbe  clear  dist  from  each  end  hole  to  the  side  edge  of  the  plate  is  half  of 
1.1088  » .6844  ins. 

Tbe  entire  widtb  of  net  Iron  is  equal  to  one  clear  space  X  number  of 
rivets  » 1.1688  X  6  «  7.0128  ins;  and  the  entire  width  of  plate  Is  equal  to  ons 
-^tch  X  number  of  rivets,  -«  1.9188  X  6  —  11.5128  ins.  (^  r^r^n]t> 
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Ion  of  unhoM  plate  to  11^128 

tile  strengtii  before  tbe  holes  are  made  .Is 


The  area  of  cross  section  of  anholed  plate  Is  11^128  X  •S  "•  0.7604  sq  Ins :  Its  ten* 
-   '     -         .-      -     -  -     .    ^^^^  ^  ^gQQQ  ^  259088  lbs. 


The  strength  of  onr  Joint,  omlttiog  friction,  Is  therefore  tt^a^^a  "  '^^  **'  *^**  ^^  ***• 
original  unholed  pUite.  '"^'"^ 

If  Uie  •  rlTeto  are  In  S  rows  of  3  rivets  each,  the  elear  dist  be- 
tween two  rlTetS  in  one  row  will  be  twice  as  great  as  before,  or  twice.  1.1688 
—  2.3376  ins.  Plteb  »  3.3876  +  ^Td  —  3.0876  ins  =>  3.0876  +  .75  »  4.12  diams. 
Clear  diet  from  end  hole  to  side  edge  of  plate  =»  half  of  2.3376  » 1.1688. 
Entire  width  of  net  Iron  »  2.8376  X  3  =>  7.0128  ins.  Entire  width 
of  plate  »  3.0876  X  3  »  9.2628  ins.  Area  of  cross  section  of  nnholed 
plate^»9.2628x.6»4.63l4 sqins.  Ultimate  tensile  strenar^h,  nnholed 
=>  4.63U  X  46000  -*  208413  lbs.    Hit  strength  of  riveted  Joint,  omitting 

friction  ■■  -^-.,,  —  .66  of  that  of  the  nnholed  plate. 

Thos  we  eee  that  tbAarrangeoieDt  wHh  two  rows  gires  the  saise  strength  at  ese 
row,  with  a  less  total  width  and  area  of  plate.    It  of  course  requires  Umger  comtm. 

If  tlie  6  rivets  are  In  8  rows  of  2  rivets  each,  the  area  of  eross 
section  of  the  nnholed  plate  is  4.2566  sq  ins.   Its  tensile  strengrthf 

191542  lbs.    Strength  of  riveted  Joint  —  j^^  =  '^  of  that  of  the  unholed  plate. 

The  entire  width  of  net  iron  (7.0tlg  Ineh  its  area  (7.0128  X  .6  —  8.6064  sq  ins) ; 
and  its  nltimate  tensile  strength  (3.6064  X  38600  =>  135000  lbs),  are  the  same  in  each 
case.  The  last  Is  the  required  brealring  strengih  of  the  joint,  as  in  the  beginning 
of  oar  example ;  and  !■  eqnsl  to  tli0  omniliiiiailcriiipttng  strength  of  the  six  rivets. 

Art.  6.  The  distance  apart  »€  tho  rows,  from  center  to  center  of 
rivets,  should  not  be  1<»b8  4han  two  diameters  of  a  riv«»t>hole. 

Rem.  1.  With  our  constants  for  tension,  shearing,  and  compression,  the 
rivets  will  not  yield'ilrst  by  shearlnsr  in  &  double-cover  butt  (and 
of  course  in  double  shear),  except  when  the  diam  is  either  equal  to  or  less  than 
.85  of  the  thickness  of  the  plate,  which  will  rarely  happen.  At  .85  the  crippling 
and  shearina  strensiih  of  a  nvei  are  equal  when  using  our  assumed  coefik  of  crip- 
pling, Qhearing,  and  tension. 


.  2.  Our  example  was  chosen  to  illustrate  the  rule.  It  will  rarely  hap- 
pen in  practicethat  the  rule  will  give  a  number  of  rivets  without  a  fraction ;  or 
uiat  may  be  divided  by  2  and  by  8  without  a  remainder.  In  case  of  a  ftraction,  it 
is  plainly  best  to  call  it  a  whole  rivet;  although  the  Joint  thereby  becomes  a  trifle 
stronger  than  necessary.  Or  rivets  of  a  slightly  din  diam  m^  be  used.  If  the 
num^r  of  rivets  comes  out  sav  7  or  9,  we  may  make  2  rows  of  3  and  4,  or  of  4  and 
8,  Ac.  Moreover,  the  width  of  the  plate  ia  frequently  fixed  beforehand  by  some 
requirement  of  the  structure,  and  we  must  arrange  the  rivets  to  suit,  taking  care 
in  all  cases  to  maintain  the  calculated  area  of  net  iron  in  one  row,  <lc. 
Rem.  8.  We  have  (as  we  at  first  said  we  should  do)  confined  ourselves  to  the 
simple  butt-joint  with  2  covers,  and  with  the 
••  **  _^_^      rivets  in  either  1,  or  in  2  or  more  paraUel  rows 

I     c      on  each  side  of  the  join  inline ;  this  being  the 
I     /     strongest  and  the  one  in  most  commop  use  in 
emrineeriog  structures.     Necessity   at  times 
csuls  for  less  simple  arrangements,  for  which 
:     ^     we  cannot  afford  space,  and  the  strength  of 
I     <     which   is   not  so   readily   calculated.    These 
c  y  sometimes  yield  results  which  appear  strange 

to  the  uninitiated ;  thus,  this  lap-joint  breaks 
across  the  net  iron  of  one  plate,  along  either  c  c  or  o  o,  where  there  u  most  qfU^  and 
where,  therefore,  it  might  be  supposed  to  be  the  strongest. 

Rem.  4.  The  followlnip  table  shows  approximately  the  comparative 
strengths  of  the  common  forms  of  joints  when  properly  proportioned ;  varying 
with  quality  uf  sheets,  and  of  rirets: 

Without 

frkstioii. 

1.00 


With 

ft-ICtlOD. 

The  original  unholed  plate 1.00 

Double-riveted  butt  with  two  covers 80 

Double-riveted  butt  with  one  cover 65 

Single-riveted  butt  with  one  cover «.      .50 

Double-riveted  lap. 65 

Single-riveted  lap 50 


.64 
.52 
.40 
.62 
.40 
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Rem.  5.  The  above  tabular  atrengtha  for  the  lap-joints  will  be  approz* 
iinately  attained  bv  adopting  the  following  proportions,  according  as  the  joint  is 
double-  or  single-riTetea. 


Calling  thickness  of  plate^ 

rhen  make  diam  of  met 

"         "     breadth  of  lap.~ 

♦'         "     pitch  from  cen  to  cen 

"         "     dist  from  end  of  plate  to 

edge  of  holes 

"        **     dist  apart  of  rows  from 
cen  to  cen 


Doable  rlr.  ■!«■•«.  Bliii^e  rlr. 

lo  tbicknesM*.  i  In  dlams.    In  tbiokneBsei.  In  diams. 


1. 

1.67 
9.0 
7.0 

2.0 

8.33 


.6 
1.0 
6.4 
4.2 

1.2 

2.0 


t 

1.67 
5.67 
4.6 

2.0 


.6 
1.0 
8.4 
2.7 

1.2 


Rem.  ••    If  two  or  more  plates  on  top  of  each  other,  as  the 

four  in  A  B  or  M  H,  are  to  be  lointed  toflrether  so  as  to  act  as  one  plate  of  the 
thickness  e  e,  the  diams  of  the  rivets,  and  tne  thickness  of  the  covers  cc.ee  will 
depend  upon  whether  the  iunctions  of  the  plates  are  idl  in  one  line  with  each 
other  as  at  e  c,  in  A  B,  or  whether  they  break  joint  with  each  other  as  at  0, 1,  2,  8 
InM  H. 


It  is  plain  that  the  two  covers  eehj  means  of  their  connecting  rivets  convey, 
from  A  to  B,  across  the  Joint  c  c,  all  the  strength  that  partly  compensates  for  the 
severance  of  the  four  plates  at  that  joint;  wnereas  the  two  covers  ee^ee,  apd 
their  rivets  in  like  manner  convey  from  n  of  one  single  plate,  to  o  of  the  adjoining 
one,  across  the  joint  between  those  two  letters,  only  the  streuKth  that  partly  com- 

risates  for  the  severance  of  that  single  plate ;  and  so  with  the  joints  at  1,  2,  and 
Therefore  the  covers  c  o,  and  their  rivets,  must  be  four  times  as  strong  as  those 
at  any  one  of  the  four  Joints  0, 1,  2,  3.  The  first,  e  o,  are  to  be  regarded  as  joining 
two  solid  plates  A  and  B,  each  of  the  fourfold  thickness  c  c ;  and  the  others  as 
joininff  two  of  the  sinele  thickness.  The  covers  c  o  will,  therefore,  each  be  about 
two-thirds  of  the  thickness  c  e ;  and  the  others  each  about  two-thirds  as  thick  m 
a  single  plate.  Thus,  suppose  each  of  the  4  plates  InABorMHtobe^  inch  thick ; 
making  c  c  3  ins.  Then  each  cover,  e,  is  ^  of  3  ins,  or  2  ins  thick ;  or  the  two  eovers, 
cc,  together  4  ins,  which  is  thus  the  elTective  thickness  of  the  joint,  cc.  But  each 
cover,  e  «,  is  only  %ot%  inch,  or  )/^  inch  thick ;  and  Uie  e&tctive  Uiickneas  cS  joint 
at  either  0, 1,  2,  or  3,  is  that  of  the  3  unbroken  plates  plus  that  of  the  2  covers,  or 
(3X%)+(2XK)  =  3i4in8. 

Art.  7.  Principle  of  the  Rule  in  Art  S.  With  onr  constwots  for 
shearing  (45000  lbs  per  square  inch)  and  for  crippling  (60000  lbs  per  square  inch),  and 
with  diameter  of  rivet  equal  to,  or  greater  than,  .85  times  the  thickness  of  the  plate, 
as  by  our  rule,  the  crippling  strengm  of  a  double  cover  butt  joint  will  be  equal  to,  or 
less  than,  its  shearing  strength.  Therefore,  to  avoid  waste  of  material,~either  in  the 
plate  or  in  the  rivets,  we  must  make 

«JjI»f  ^r  \j  Thickness  ^  Tension  _  Orippling  area  ^  Crippling  ^  Total  nambtr 
plate  ofphite   ^     unit     **    of  one  rivet   ^      unit     ^     of  rivets. 

Now,  by  Art  3,  the  crippling  area  of  a  rivet  is  ■■  diam  of  rivet  X  thickness  of 
plate.  We  take  the  crippling  unit  at  60000  lbs;  and  the  tension  unit  at  38500  Iba 
Therefore  (transposing)  we  must  make 

m  <.  1      *     ij^i.        Diam  of  ^  Thickness  ^  mmaa  \a  Total  number 


Thickness  of  plate  X  88600 
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By  making  the  cleitr  distaoce  between  each  end  rivet  of  a  row  and  the  side 
edge  of  the  plate  »  half  the  clear  distance  between  two  riTets  in  a  row ;  and 
calling  the  sum  of  the  two  end  distances  one  space,  we  have 

Number  of  space*  ^  Number  of  rivets 
in  a  row         "^        in  a  row. 
So  that 
The  cleMT  dl«tait«e  between  two  rivets  im  m  vow, 

which  is    ■ 

Total  net  width  of  plate 
"^  Number  of  space*  in  a  row 
is  also 

^    Total  net  width  of  plate 
Number  of  rivets  in  a  row 

Diara  of  ^  Thickness  v.  «ft«ftft  v.  Total  number 
rivet     ^    of  plate    ^  ^^  ^      of  rivets 
"*        Thick aess  ^  qq rnn  v  Number  of  rivets 
of  plate    ^  ^^*^  X        in  arow. 
But 

Total  number  of  rivets     ^  ^^^^  ^,  ^^^ 

Number  of  rivets  in  a  row 

Therefore,  omitting  "thickness  of  plate^'*  common  to  both  numerator  and 
denominator,  we  have,  as  in  rule  in  Art  5, 

CleMT  dtotanee       Dlam  of  rivet  X  60000  X  Number  of  rows 
apart  "»  ggOOO 

Bat  If  the  dftuveter  of  the  rtweta  is  leae  than  0.85  times  the 
thiekneae  of  the  plates,  the  shearing  strength  of  a  double-cover  butt  Joint 
(with  our  assumed  constants  for  shearing  and  crippling)  is  less  than  its  crippling 
strength.    In  such  cases,  fur  the  clear  distance  between  two  rivets  in  a  row,  say 

Circular  area  of  a  rivet  X  Shearing  unit       ^ 
Clear  dlstanee  -      Thickness  of  plate  X  Tension  unit       ^  ^ 

Bern.  1.  Batt  Joints  ^in  d<»nhle  shear,  or  with  2  covers,  being  the 
only  ones  bere-considered.  and  inasmuch  as  rivets  may  always  be  used  with  a  diam 
yrcat^r  than  .86  of  the  thickness  of  the  plate,  we  may  in  practice  alwajs  use  the 
Rni**  in  Art  6  for  such  joints;  and.  therefore,  we  gave  it  alone. 

Bern.  2.  When  nsinir  these  rnles  for  other  kinds  of  Joint, 
such  as  laps,  or  bntts  with  siti^le  coverS)  remember  that  the  rivets  in  snch  are  in 
sincle  shear;  and,  therefore,  we  can  n»e  Rule  in  Art  6  (for  cripplinfr)  only, when 
the  diftro  is  either  1,7  or  more  times  the  thickness  of  plate.  If  less,  nse 
Rule  above  for  shearinfr)  all  on  the  asstamption  that  our  foregoing  coefs  of 
erippling  and  shearing  are  used. 

Bnt  the  eoef  for  tension  mnst  be  ehanired  for  each  kind  of  these 
other  joints,  to  allow  for  the  weakening  effects  of  the  bending  shown  at  W,  Figs 
8.  as  deduced  approximately  from  experiment.  The  writer  believes  that  the  fol- 
lowing tension  units  will  give  safe  approximate  results  without  friction.  For 
donble-eower  bntts, double-riveted,  88600  ftm per sqinch,  as  adopted  above. 
For  donble«ri  veted  laps,  or  one-cover  butts,  28000.  For  sf  nirle-rl  veted 
laps,  or  one-cover  butts,  2«K)0.  But,  as  before  remarked,  no  great  certainty  ia 
attainable  in  riveting. 


S.  A  Joint  may  fkll  by  erippling  without  the  facts  being 
known  or  even  suspected,  for  it  does  not  imol  v  that  anything  breaks,  but 
merely  that  the  joint  has  stretched  ;  and  this  might  not  be  detected  even  on 
a  slight  inspection  of  it.  Still  it  might,  and  probably  often  has  sufficed  to  endanger, 
and  even  destroy  both  bridges  and  roof^  by  generating  strains  where  none  were 
provided  for. 
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RAILROAD  CURVES. 

Deflnltlons. 

A  circular  railroad  curve  abcdj  Fig.  1,  is  an  arc  of  a  circle  joining  two  straigiit 
lines,  or  tans^nto,  e  t  and  i  z,  in  the  survey. 

The  point  of  enrire  is  tbe  beginning  a  of  the  curve,  or  tluit  end  of  it 
first  reached  by  the  survey  in  its  progress. 

The  point  of  tangent  is  the  other  end  d  of  the  curve. 
The  point  of  intersection  or  apex  is  the  point  i  where  the  two  tan- 
gents e  t  and  iz  intersect. 

P.  C,  P.  T.  and  P.  I.  The  stakes  driven  at  the  point  of  curve,  point  of 
tangent  and  point  of  intersection  are  marked  P.  C,  P.  T.  and  P.  I.  re»p«ctively, 
and  the  points  and  stakes  are  commonly  referred  to  by  those  letters.  The  point 
of  intersection,  however,  is  not  always  located. 

The  apex  distance  *  is  the  distance  a  t  or  d  i  measured  along  a  tangent, 
from  either  end  a  or  (i  of  the  curve,  to  the  apex  i  or  intersection  of  the  two 
tangents. 

t 


A  curve  may  be  located  by  setting  up  the  transit  at  the  point  (aa  a)  where  the 
curve  is  to  ioin  either  tangent,  laying  off  equal  angles  »a6, 6a«,eaa,  and  meas- 
uring off  the  equal  chords  (usually  100  feet)  ab.bct  9d.i  Inasmuch  aa  these 
equal  chords  are  usually  laid  off  with  the  full  length  of  a  chain  or  steel  tape,  we 
shall  call  them  chains,  to  distinguish  them  from  other  chords,  such  as  a  c  or 
ad,  etc.,  which  may  be  drawn  to  the  curve. 

The  total  angrl^  of  the  curve  is  the  angle  tit  between  the  two  tangents. 
It  is  equal  to  the  central  angle  a od  subtended  by  the  carve. 

The  degrree  of  cnrwature  is  the  angle  aob^boet  etc  subtended  at  the 
center  by  a  chain.    It  is  equal  to  the  deflection  anffle^mfre  formed  be- 

*The  apex  distance  is  often,  but  unfortunately,  called  the  "  tangent,**  and 
sometimes  the  "tangent  distance." 
f  But  see  Sub-chains. 
tMany  writers  call  iab^bae,  etc.  the  d^flectim  angls. 
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tiroen  any  chain  be  and  the  extension  6  m  of  an  ad}oining  chain  a 5,  or  to  the 
angle  isn  formed  between  the  tangents  at  and  6  n  which  touch  the  curve  at  the 
two  ends  a  and  6  of  a  chain.  It  \s  therefore  the  angle  through  which  the  direc- 
tion of  the  line  deflects  in  that  portion  ol  the  curve  subtended  by  one  chain. 
The  sharper  the  curve,  the  greater  the  deflectiou  augle  and  the  shorter  the 
radlns  oa^  ob^  etc. 

A  one-deyree,  two-degree,  three-degree,  etc.  curve  is  one  whose  deflection 
angle  or  degree  of  curvature  is  1^,  2°,  3^,  etc. 

Tlie  tauiT^iitlal  anuria  is  the  angle  t  a  6, 6  a  c,  etc  used  in  laying  olf  the 
curve.    It  is  equal  to  one-half  the  deflection  angle. 

Tlie  deflection  distance.  Let  any  chain,  as  a  6,  Fig.  2,  be  extended  to 
m,  and  b  m  ma<le  =  afr.  Then  the  distance  m  c  from  m  to  the  end  c  of  the  next 
chain  6  o  is  called  the  detection  distance  of  the  curve. 

Tlie  tans^enttal  distance.  Let  any  chain,  as  6  o,  be  extended  to  v,  and 
let  ct)  be  macte  =  be.  Also  let  ea  =>  cv  be  laid  off  upon  a  tangent  to  the  curve  at 
e.    Then  vzU  called  the  tangerukU  distance  o(  the  carve. 

By  means  of  the  deflection  and  tangential  distances  given  in  the  tables,  pp. 
784-786,  a  curve  may  be  located  without  a  transit  by  means  of  a  chain  lor  100 
feet  tape)  for  measuring  bm^cv^  etc.,  and  a  rod  or  tape,  etc.  for  measuring  m  e, 
«z,  etc. 

An  ordinate  is  any  line  drawn  from  a  chord  to  the  curve,  at  right  angles 
to  the  chord,  whether  the  chord  be  a  "  chain  "  or  not. 

The  middle  ordinate  is  the  ordinate  en.  Fig.  2,  at  the  middle  point* 
of  a  chord  b  c. 


Snb-chalns,  etc.  For  facility  of  explanation  we  have  hitherto  treated  of 
curves  as  beine  composed  entirely  of  full  chains ;  but  such  curves  seldom  occur 
in  practice.  Usually,  after  dividing  a  curve  into  as  many  full  chains  as  possi- 
ble, there  is  a  fraction  of  a  chain,  or  «7(&-chain.  left  over.  Besides,  the  chances 
are  that  a  curve  will  not  begin  or  end  at  a  full  100-feet  station  of  the  survey, 
but  at  a  point  between  two  such  stations,  as  in  Fig.  3 ;  and,  inasmuch  as  it  is 
desirable  to  carry,  throughout  the  curve,  the  same  numbering  of  the  stations  as 
we  have  on  the  tangents,  the  P.  C.  and  the  P.  T.  are  in  these  cases  treated  as 
fractional  stations. 

Thus,  in  Fig.  3.  the  P.  C,  at  a,  is  supposed  to  be  41  feet  beyond  station  122. 
We  therefore  call  the  P.  C,  in  this  case,  station  122  +  41,  and  station  123  thus 
falls  in  its  proper  place,  at  6, 100  feet  in  advance  of  station  122,  as  measured,  first 
along  the  tangent  za  41  feet  to  the  P.  C,  and  then  along  the  sub-chain  a&  of  59 
feel. 

.Similarly,  the  P.  T..  in  Fig.  3,  happens  at  a  point,  d,  on  the  tangent  rfy,  20.8 
feet  back  from  station  125,  or  79.2  reet  (the  length  of  the  sub-chain  cd)  beyond 
station  124  or  c.    The  P.  T.  therefore  becomes  station  124  +  79.2. 
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Owing  to  the  occurrence  of  the  sign  +  (plus)  In  the  number  of  the  P.  C.  or 
P.  T.  of  a  curve  beginning  or  ending  with  a  sub-chain,  such  a  station  is  com- 
monly called  a  ^^  plus." 


Fig-.a 


The  sab-taiiirenttal  anfrle.  Fig.  8.  is  the  angle  bat(==adb)  or  deh 
(=  d  a  e)  subtended  by  a  sub-chain ;  the  yertex,  a,  d  or  c,  of  the  angle  lying  in 
the  curve  itself.  We  shall  ffive  the  names  initial  and  flnal  sub-tangential 
angles  to  the  angles  6 ar  smadch  subtended  by  the  Initial  and  final  sulMshains 
a  h  and  c  d  respectively.  If  a  <  be  made  =  a  6,  and  o  A  =  c  <(.  the  chords  t  h  and 
h  d  are  called  the  Initial  and  Anal  snb-tanvential  aistancen  respec' 
tivelj. 

Snb-deHection  angrle**  I'^ig*  3-  11>«  Initial  sub-deflection  angle  is 
the  angle  she  formed  between  the  first  full  chain  b e  and  the  extension  6 «  of  the 
initial  sulwhain  a b.  The  final  sub-defleotjon  angle  is  the  angle  kcd  between 
the  final  sub-chain  cd  and  the  extension  ck  of  the  preceding  fall  chain  b  c.  If 
6 «  be  made  =  b  e.  and  ck  =  cd,  the  chords  s c  and  k d  are  called  the  initial  and 
final  •nb-defleetion  distances  respectively. 

A  lonfT  rhord  is  a  chord,  a o  or  ad,  Figs.  1  and  8,  subtending  two  or  more 
chains  or  sub-chains. 

A  simple  cnrve.  Figs.  1  to  8,  is  one  in  which  the  radius  remains  of  con- 
stant length  throughout  and  in  which  the  curvature  is  all  in  one  dixieetien. 
Such  a  curve  is  therefore  an  arc  of  but  one  circle. 


Kg.  4 


A  eomponnd  curve,  as  a  &  ed,  Fig.  4,  is  one  in  which  the  curvature  is  all 
in  oue  direction,  but  which  consists  of  circular  arcs  described  with  two  or  more 
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di£ferenfc  radii,  as  06,  o'6.  o"c^  etc.    The  portions,  as  ah^hc^cdL,  described  with 
the  different  radii,  are  called  the  branciies  of  the  curre. 


Fig.  6 


A  reverse  carve,  a  5  c,  Fig.  5,  consists  of  two  curves  immediately  ac^oin- 
ing  one  another  (t.  «.,  without  any  straight  track  between  them)  and  curving  in 
opposite  directions.  The  radii  o&,  o'b,  of  tbe  two  portions,  or  branches,  of  a 
reverse  curve  may  be  of  equal  or  of  unequal  length,  and  the  total  angles,  aob, 
bo' c,  of  the  two  branches,  may  be  equal  or  unequal. 
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Table  of  Badit,  Middle  Ovdinates,  Ae,  ef  Carres.  Ohord  100  feet. 
Contains  no  error  as  great  as  1  in  the  last  flgnre. 


Anc.of 

Bad. 
In  ft. 

Defl. 
Dist. 
In  ft. 

in  ft. 

Mid. 
Old. 

Anc.«r 
DiO. 

Bad. 
tnft 

IML 
Dirt, 
in  ft. 

in  ft. 

Mid. 
Old. 

0   • 

848776 

.029 

.014 

.004 

0  » 

1  86 

8681 

9.796 

1.896 

.849 

171887 

.068 

.029 

.007 

88 

8606 

9.851 

1.436 

.866 

114699 

.067 

.048 

.011 

40 

8488 

9.909 

1.464 

J64 

65944 

.116 

.058 

.014 

42 

8870 

9.967 

1.488 

J71 

68756 

.146 

.072 

.018 

44 

8806 

8.026 

1.613 

.878 

67296 

.176 

.087 

.029- 

46 

8948 

8.084 

1.643 

.886 

49111 

.204 

.102 

.026 

48 

8188 

8.149 

1.671 

J98 

3 

42979 

.988 

.116 

.099 

60 

8196 

8.200 

1.600 

.400 

9 

88197 

.963 

.181 

.088 

62 

8070 

8.257 

1.629 

.407 

10 

848n 

.991 

.146 

.086 

64 

8016 

8.316 

1.668 

.414 

11 

81969 

.890 

.169 

..040 

66 

2864 

8.374 

1.687 

An 

u 

98648 

MB 

.174 

.048 

66 

9918 

8.438 

1.716 

jm 

18 

96444 

J78 

.189 

.047 

9 

9866 

8.490 

1.746 

.486 

U 

94666 

.407 

.908 

.061 

9 

3818 

35a 

2.774 

.4a 

15 

22918 

.486 

.918 

.064 

4 

9778 

3.606 

1.806 

.461 

16 

11486 

.466 

.989 

.068 

6 

9799 

3.664 

1.889 

.466 

17 

20222 

.494 

.947 

.069 

8 

9686 

8.723 

1.861 

.466 

18 

19096 

.694 

.969 

.066 

10 

9646 

3.781 

1.890 

.478 

19 

18094 

.668 

.976 

.069 

19 

9606 

3.839 

1.919 

.480 

90 

17189 

.689 

.991 

.078 

14 

9666 

3.897 

1.948 

.487 

n 

16870 

.611 

.806 

.076 

16 

9698 

3.966 

1.978 

.486 

n 

16696 

.640 

.890 

.060 

18 

9491 

4.014 

9.007 

.608 

28 

14947 

.669 

.884 

.068 

90 

8466 

4.072 

1.086 

.609 

M 

14824 

.696 

.849 

.087 

99 

9491 

4.131 

9.066 

.616 

tA 

18761 

.797 

.868 

.091 

94 

9887 

4.189 

9.094 

.698 

» 

13222 

.766 

.878 

.095 

96 

9866 

4.246 

9.198 

.681 

V 

12789 

.786 

.899 

.096 

98 

9898 

4.305 

9.169 

.688 

98 

12278 

.814 

.407 

.109 

80 

9992 

4.3«3 

9.189 

.646 

99 

11864 

.844 

.499 

.106 

89 

9968 

4.421 

9.910 

.669 

80 

11469 

jm 

.486 

.109 

84 

9989 

4.480 

9.940 

.660 

81 

11090 

.909 

.461 

.118 

86 

9904 

4.537 

9.968 

.667 

89 

10748 

.981 

.466 

.116 

88 

9176 

4.596 

9.996 

.674 

88 

10417 

J60 

.480 

.190 

40 

1149 

4.664 

9.897 

.688 

84 

lOlll 

.969 

.494 

.198 

49 

9129 

4.713 

9.866 

.686 

86 

9622 

1.018 

.609 

.197 

44 

9096 

4.771 

9.886 

.896 

M 

9649 

1.047 

.628 

.181 

46 

9071 

4.839 

9.414 

.608 

ST 

9291 

1.076 

.538 

.184 

48 

9046 

4.888 

9.444 

.6U 

88 

9047 

1.106 

.552 

.188 

60 

9029 

4.946 

9.478 

.618 

89 

8816 

1.184 

.667 

.149 

69 

1999 

6.006 

9.601 

.616 

40 

8694 

1.164 

.582 

.146 

64 

1976 

6.061 

9.680 

.681 

41 

8886 

1.198 

.596 

.149 

66 

1968 

6.190 

9.660 

.640 

49 

8186 

1.999 

.611 

.158 

68 

1989 

6.176 

9.668 

.647 

48 

7996 

L961 

.626 

.166 

s 

1910 

6.986 

3.618 

.664 

44 

7818 

1.980 

.640 

.160 

9 

1889 

6.894 

8.647 

.661 

45 

7689 

1.809 

.654 

.164 

4 

1869 

6.860 

3.676 

48 

7478 

1.888 

.669 

.167 

6 

1848 

6.411 

3.706 

.676 

47 

7814 

1.867 

.688 

.171 

8 

1829 

6.467 

3.784 

.688 

48 

7162 

1.896 

.698 

.174 

10 

1810 

6.636 

3.768 

.691 

49 

7016 

1.496 

.712 

.178 

19 

1791 

6.688 

3.793 

.686 

60 

6876 

1.464 

.727 

:i89 

14 

1772 

6.648 

3.831 

.706 

61 

6741 

1.488 

.741 

.186 

16 

1764 

6.707 

3.860 

.718 

69 

6611 

1.618 

.767 

.189 

18 

1786 

6.760 

3.880 

.710 

68 

6486 

1.649 

.771 

.198 

90 

1719 

6.817 

3.906 

.717 

64 

6866 

1.571 

.786 

.197 

99 

1709 

6.876 

3.987 

.784 

66 

6261 

1.600 

.800 

.200 

94 

1686 

6.986 

3.967 

.741 

66 

6189 

1.629 

.815 

.204 

96 

1669 

5.993 

3.996 

.746 

67 

6081 

1.668 

.829 

.207 

98 

1668 

6.060 

8.016 

.766 

68 

6927 

1.687 

.844 

.211 

80 

1687 

6.106 

8.064 

.764 

89 

6827 

1.716 

.858 

.214 

89 

1699 

6.166 

3.068 

.771 

1 

6780 

1.746 

.872 

■  .218 

84 

1607 

6.238 

8.113 

.778 

9 

6546 

1.808 

.902 

.225 

86 

1592 

6.381 

8.140 

.786 

4 

6872 

1.862 

.931 

.238 

88 

1677 

6.841 

8.170 

.796 

6 

6209 

1.920 

.960 

.240 

40 

1568 

6.896 

8.199 

.800 

8 

5066 

1.978 

.969 

.247 

42 

1549 

6.466 

8.338 

.807 

10 

4911 

2.086 

1.018 

.266 

44 

1586 

6.516 

8.367 

.814 

19 

4775 

2.094 

1.047 

.262 

46 

1521 

6.676 

8.387 

.811 

14 

4646 

2.152 

1.076 

.269  • 

48 

1506 

6.681 

8.816 

.616 

16 

4523 

2.211 

1.105 

.276 

50 

1496 

6.689 

8.846 

.886 

18 

4407 

9.269 

1.184 

.284 

52 

1482 

6.748 

8.874 

.sa 

90 

4297 

2.827 

1.168 

.291 

54 

1469 

6.807 

8.406 

.861 

23 

4192 

2.386 

1.192 

.298 

66 

1467 

6.868 

8.483 

.866 

24 

4093 

8.448 

1.221 

.806 

68 

1446 

6.930 

8.460 

.886 

96 

3997 

2.502 

1.251 

.313 

4 

1438 

6.960 

8.490 

.876 

28 

8907 

2.560 

1.280 

.820 

6 

1403 

7.136 

8.669 

.861 

80 

8820 

2.618 

1.809 

.327 

10 

1376 

7.371 

J06 

89 

8787 

2.676 

1.888 

.884 

16 

1848 

7.416 

8.T66 

MR 

84 

8667 

2.784 

1.367 

.842 

90 

1823 

7.6n, 

8.781 

.646 

igitiz 

edby  VjVJ 

uyT: 

RAILROADS. 
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rableof  lladU,Hltf die  Ordtnat«a,*e,*f  Carres.  Ohord  100  fB«t. 

(Gontinued.) 
The  Tangential  Angle  is  always  one<haIf  of  the  Angle  of  Deflection. 


Aug.  of 

In  ft. 

Dcfl. 
Dlst. 
In  ft. 

Tang. 
Dltt! 
in  ft. 

Mid.* 
Ord. 

Anff.of 

dSa. 

Bad. 
in  ft. 

Defl. 
DUt. 
in  ft. 

Tang. 
Diu: 
in  ft. 

Mid.* 
Ord. 

0     • 
i  S6 

1896 

7.707 

8.864 

.968 

O    ' 

10  15 

569.7 

17.87 

8.942 

3.888 

M 

1874 

7.858 

8.927 

.962 

SO 

W6.4 

18.30 

9.160 

3.393 

86 

1860 

7.997 

8J99 

1.000 

46 

533.8 

18.78 

9.878 

3.S4T 

40 

1S38 

8.148 

4.073 

1.018 

11 

52  LT 

19.17 

9.596 

2.403 

46 

ISOT 

&888 

4.146 

1.036 

15 

510.1 

19.60 

9.814 

3.466 

60 

1186 

&488 

4.218 

1.054 

SO 

4^9.1 

90.04 

10.03 

3.611 

66 

1106 

8J179 

4.290 

1.072 

45 

4Kg.ft 

30.47 

10.86 

2.666 

6 

1146 

8.784 

4.868 

1.091 

12 

47H3 

30.91 

10.47 

8.630 

6 

1188 

8.889 

4.486 

1.109 

16 

i6^,6 

31.84 

10.69 

3.676 

10 

1109 

9.014 

4.608 

1.127 

SO 

46M.3 

31.77 

10.90 

3.7S0 

16 

1098 

9.160 

4.581 

1.145 

46 

460.3 

33.31 

11.12 

3.786 

SO 

1075 

9.806 

4.654 

1.164 

18 

441.7 

33.64 

11.34 

8.889 

36 

1058 

9.450 

4.727 

1.188 

15 

43S.4 

38.07 

11.56 

3.894 

SO 

1048 

9.596 

4.799 

1.200 

SO 

425.4 

38.51 

11.77 

8.949 

S6 

1087 

9.741 

4.872 

1.218 

45 

417.7 

88.94 

11.99 

8.008 

40 

1018 

9.886 

4.946 

1236 

14 

410.3 

34.87 

12.21 

8.056 

46 

996.9 

10.08 

6.017 

1.256 

15 

403.1 

34.81 

12.48 

8.118 

60 

962.0 

10.18 

6.090 

1.378 

SO 

''■-*r.? 

36.24 

12.65 

8.168 

66 

968.8 

10.38 

6.168 

1.291 

45 

»o#.v 

36.67 

12.86 

8.238 

« 

966.4 

10.47 

5.336 

1.309 

15 

888.1 

36.11 

13.06 

8.2n 

6 

942.8 

10.61 

6.806 

:.837 

15 

876.8 

36.54 

18.30 

8.883 

10 

929.6 

10.76 

5.381 

1..146 

SO 

870.8 

36.97 

18.52 

8.887 

15 

917.S 

10.90 

5.468 

1.864 

46 

864.9 

37.40 

18.73 

8.443 

SO 

906.1 

11.05 

5.526 

1.383 

16 

859J 

37.84 

18.96 

3.496 

s 

89S.4 

11.19 

5.509 

1.400 

SO 

848.5 

38.70 

14.39 

8.606 

888.0 

11.34 

5.673 

1.418 

17 

SS8.8 

29.56 

14.82 

8.716 

85 

870.8 

11.48 

5.744 

1.437 

80 

888.7 

80.43 

15.26 

8.836 

40 

8S9.9 

11.68 

6.817 

1.455 

18 

819.6 

81.29 

15.69 

8.966 

46 

849.8 

11.77 

6.890 

1.478 

SO 

811.1 

83.16 

16.18 

4.046 

60 

889.0 

-     11.93 

6.96S 

1.491 

19 

803.9 

88.01 

16.56 

4.166 

56 

828.9 

18.07 

6.036 

1.610 

SO 

395.8 

88.87 

17.00 

4.366 

T 

819.0 

12.21 

6.106 

1.528 

30 

387.9 

84.78 

17.48 

4.876 

6 

809.4 

12.36 

6.180 

1.646 

21 

374.4 

86.44 

18.30 

4.594 

10 

800.0 

12.50 

6.268 

1.564 

22 

362.0 

88.17 

19.17 

4  816 

15 

790.8 

12.65 

6.836 

1.583 

3S 

350.8 

89.8r 

90.04 

6.066 

SO 

781.8 

12.79 

6.896 

1.60O 

34 

340.6 

41.58 

30.91 

6.366 

S5 

778.1 

12.94 

6.471 

1.619 

25 

381.0 

48.39 

3i.n 

6.476 

80 

764.5 

18.08 

6.544 

1.637  - 

26 

333.8 

44.98 

32.64 

5.696 

86 

756.1 

18.23 

6.616 

1.655 

37 

314.3 

46.69 

33.51 

6.91T 

40 

747.9 

13.87 

6.689 

l.«7S 

38 

306.7 

48.88 

34.37 

6.188 

46 

789.9 

13.52 

6.763 

1.691 

29 

199.7 

50.06 

25.24 

6.861 

60 

782.0 

18.66 

6.885 

1.710 

30 

193.8 

61.76 

36.11 

6.583 

56 

724.8 

18.81 

6.907 

1.728 

31 

187.1 

53.45 

36.97 

6.806 

8 

716.8 

18.95 

6.960 

1.746 

82 

181.4 

66.18 

37.88 

7.027 

16 

695.1 

14.89 

7.196 

1.801 

88 

176.0 

56.82 

38.70 

7.252 

SO 

674.7 

14.82 

7.416 

1.856 

34 

171.0 

58.48 

39.56 

7.478 

46 

656.6 

15.26 

7.634 

1.910 

85 

166.8 

60.18 

80.42 

7.696 

9 

6S7.8 

15.69 

7.862 

1.966 

36 

161.8 

61.80 

81.29 

7.919 

16 

620.1 

16.13 

8.070 

2.019 

87 

157.6 

63.45 

82.15 

8.142 

SO 

608.8 

16.56 

8.288 

2.074 

38 

158.6 

66.10 

S3.01 

8.366 

46 

588.4 

17.00 

8.506 

3.128 

39 

149.8 

66.76 

88.87 

8.591 

10 

573.7 

17.43 

8.724 

2.183 

40 

146.3 

68.40 

84.78 

8.816 

To  find  taiiffeBstial  ABid  deflectloii  aBif(le«  for  any  giren  rad  and 
chord.  Divide  haff  the  chord  by  the  rad.  The  qiiot  will  be  nat  sine  of  the  tangl 
ang.    Find  this  tangl  ang  in  the  table  of  nat  sines ;  and  mult  it  by  2  for  the  def  ang. 

To  lliid  tbe  def  dlst  for  ebords  100  ft  lonir.  ^"^  ^0000  by  the 
rad  in  feet. 

To  And  Uie  def  dlat  for  equal  cbords  of  any  slven  length. 
Diy  chord  by  rad.    Mult  qnoi  by  chord.    Or  dlv  sq  of  chord  oy  rad. 

To  flBid  the  tansl  dlst  for  equal  ctaordwof  any  g^iven  leuirtli. 
First  find  the  tangl  ang  as  above.  Divide  it  by  2.  Find  in  the  table  of  nat  sines 
the  nat  sine  of  the  quot.    Mult  thia  nat  sine  by  tha  given  chord.    Mult  prod  by  2. 

To  lliid  tlie  rad  t4>  any  i^lven  def  anjpr,  for  equal  chords  of  any 
length.  Divide  the  def  ang  by  2.  Find  nat  sine  of  the  quotient.  Divide  half 
the  chord  by  this  nat  sine. 

*  Tlie  middle  ordinate  for  a  rad  of  600  ft  or  more,  (chord  100  ft,)  may  in 
praoiiM  be  taken  at  oDe<foarth  of  the  tang  diet.  Bren  in  400  ft  rad  it  iril^  toojlioilt  odIj  6  Id  the 
third  decimal.  ;igitized  by  V 

50 


!,  (cnora  lou  n,)  may 
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CntCULAB  CUBVBS. 


Badily  Ae,  of  Currea;   in  metrea.    Cbord,  80  metres  «  a 
dekAmetres. 

The  stakes,  at  the  ends  of  the  2-dekametre  chords,  should  be  numbered  2, 4, 6,  Ao; 
meaning  2, 4,  6,  Ac.  dekametrei.  The  tangential  angle  In  the  table  will  then  give 
the  amount  of  deflection  per  unit  (dekametre)  of  measurement. 


1 

|f 

i 

P 

% 

P 

1 

p 

143.36 

2J9b 

h 

IS 

0®  ic 

OP    f/ 

«876.60 

.068 

.029 

.007 

W>    V 

40    0' 

.349 

20 

10 

8437.76 

.116 

.068 

.016 

10 

5 

140.44 

2.848 

1.426 

.366 

30 

16 

2291.84 

.176 

.087 

.022 

20 

10 

137.63 

2.006 

1.454 

J$64 

40 

20 

1718.88 

.233 

.116 

.029 

30 

16 

134.94 

2.964 

1.483 

.371 

60 

26 

1376.11 

.291 

.146 

.036 

40 

20 

132.35 

3.022 

1.512 

.378 

1«    0' 

80 

1146.98 

.349 

.176 

.044 

50 

26 

129.86 

8.080 

1.641 

.886 

10 

86 

982.23 

.407 

.204 

.061 

»o    0^ 

80 

127.46 

3.138 

1.670 

.393 

20 

40 

859.48 

.466 

.233 

.068 

10 

86 

125.14 

3.196 

1.599 

.400 

30 

46 

763.97 

.624 

.262 

.066 

20 

40 

122.91 

3.264 

1.629 

.407 

40 

60 

687.67 

.682 

.291 

.073 

30 

45 

120.76 

3.312 

1.658 

.416 

W 

66 

626.07 

.640 

.820 

.080 

40 

50 

118.68 

8.37a 

1.687 

.422 

20    O' 

lo    0' 

672.99 

.698 

.840 

.087 

50 

55 

116.68 

8.428 

1.716 

.429 

10 

6 

628.92 

.766 

^78 

.096 

100    (K 

©0   O' 

114.74 

8.486 

1.746 

.437 

20 

10 

491.14 

.814 

.407 

.102 

20 

10 

111.06 

8.602i 

1.803 

.461 

80 

16 

468.40 

.878 

.436 

.100 

40 

20 

107.68 

3.718 

1.861 

.466 

40 

20 

429.76 

.981 

.465 

.116 

11©    (K 

80 

104.88 

8.884 

1.919 

.480 

60 

26 

404.48 

.989 

.494 

.124 

20 

40 

101,28 

8.960 

1.977 

.496 

SO    O' 

80 

882.02 

1.047 

.624 

.181 

40 

60 

98.39 

4U)66 

JJ.036 

.509 

10 

86 

361.91 

1.106 

.568 

.188 

\7P    C 

6P   0' 

96.67 

4.181 

t!.093 

.624 

20 

40 

843.82 

1.163 

.682 

.146 

20 

10 

93.09 

4.297 

2.162 

.589 

80 

46 

827.46 

1.222 

.611 

.153 

40 

20 

90.66 

4.418 

2.210 

.563 

40 

60 

312.68 

1.280 

.640 

.160 

180    O' 

80 

88mM 

4.628 

2.268 

.568 

60 

66 

298.99 

1.838 

.669 

.167 

20 

40 

86.14 

4U)44 

8.826 

J>82 

4P    0' 

7P    ^ 

286.64 

1.396 

.698 

.176 

40 

60 

84.05 

4.769 

2.384 

.597 

10 

6 

275.08 

1.464 

.727 

.182 

140    0/ 

70  O' 

82.06 

4.876 

2.442 

.612 

20 

10 

264.61 

1.612 

.766 

.189 

20 

10 

80.16 

4i)90 

2.600 

.626 

80 

16 

264.71 

1.670 

.786 

.196 

40 

20 

78.34 

5.106 

2.668 

.641 

40 

20 

246.62 

1.629 

.814 

.204 

150    (K 

80 

76.61 

5.221 

2.616 

.655 

60 

26 

237.16 

1.687 

.844 

.2U 

20 

40 

74.96 

6.836 

2.674 

.670 

5<»    O' 

30 

229.26 

1.746 

.878 

.218 

40 

50 

78.87 

6.452 

2.782 

.685 

10 

86 

221.87 

1.803 

.902 

.226 

160    O' 

•0   0/ 

71 J5  5.567 

2.790 

.699 

20 

40 

214.94 

1J61 

.931 

.288 

20 

10 

70.40  6.682 

2.848 

.714 

80 

46 

208.43 

1.919 

.960 

.240 

40 

20 

69.00  6.797 

2.906 

.729 

40 

60 

202.80 

1.97T 

.989 

.247 

170   O' 

80 

67.66 

6.912 

2.964 

.748 

60 

66 

196.58 

2.086 

1.018 

.266 

20 

40 

66.36 

6027 

3.022 

.758 

e«  (y 

ao  V 

191.07 

2.093 

1.047 

.262 

40 

50 

66.12 

6.142 

8.080 

.772 

10 

6 

186.91 

2.162 

1X)76 

.269 

l«o    O' 

»o   c 

63.92 

6.267 

3.188 

.787 

20 

10 

181.08 

2.210 

1.105 

.276 

20 

10 

62.77 

6.872 

3.196 

.802 

80 

16 

176.39 

2.268 

1.134 

.284 

40 

20 

61.66  6.487 

3.254 

.816 

40 

20 

171.98 

2.826 

1.163 

.291 

l»o    O' 

80 

60.69  6.602 

3.312 

.881 

60 

26 

167.79 

2.384 

1.192 

.298 

20 

40 

59.65 

6.717 

3.370 

.846 

7*    O' 

80 

168.80 

2.442 

1.222 

.306 

40 

60 

68.66 

6^1 

3.428 

.860 

10 

36 

160.00 

2.600 

1.261 

.313 

aoo  c 

100  Of 

67.69 

b.946 

3.486 

.876 

20 

40 

156.37 

2^68 

1.280 

.320 

aio  o' 

30 

64.87 

7.289 

8.660 

.919 

80 

46 

162.90 

2.616 

1.809 

.327 

aao  (K 

110  O' 

52.41 

7.632 

3.834 

.963 

40 

60 

149.68 

2.674 

1.338 

.336 

230    0' 

80 

60.16 

7.976 

4.008 

1.007 

60 

66 

146.40 

2.732 

1.367 

.342 

240    0' 

lao    (K 

48.10 

8.316 

4.181 

1.051 

250  V 

80 

46.20 

8.668 

4.355 

1.096 

i>«ii««.  —         Half  the  chord  n^.^.u^  „k.»,.iI  v  cosecant  of  tangential 

*^*"»  "  Sine  of  tangential  anele  "  H*''**»  *»»»*'^  X  angle.  ^ 

Defleetf on  dtst  -  ^""j^^J""^   -  Twice  the  chord  X  '^"^  ^'^gj**"**^ 

Tancentt»l  dlst  »  Twice  the  chord  X  tine  of  half  the  tangential  angfe. 

Hidale  ord  »  Radius  X  (1  —  cosine  of  tangential  angle)  ^  Half  the  chord  X 
tangent  of  half  the  tangential  angle. 

For  cnrres  of  60  metres,  or  greater,  radhie,  Me  ordinfite  at  5  metres  from 
the  end  of  the  20-metre  chord,  or  midway  between  the  end  of  the  chord  and  the  mid* 
lie  ordinate,  may  be  taken  at  th^ee-fburths  of  the  middle  ordinate. 
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lengths  of  Ohoid  in  ft|  required  to  sabtendfrom  1  to'4  itationf  of  100  ft  etoh. 


of 

Defl. 


lo 


2° 


40 


60 


lata. 


lOU 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
199.9 
199.9 
199.9 
199  9 
199.9 
199  8 
199.8 


SSta. 


300.0 
300.0 
800.0 
300.0 
299.9 
299.9 
299.8 
290.8 
299.7 
299.7 
299.6 
299.6 
299.6 
299.5 
299.4 
299.8 
299.2 
299.1 
299.0 


4  8to. 


400.0 
899.9 
399.9 
399.8 
399.7 
899.6 
399.6 
399.4 
399.3 
399.2 
399.1 
399.0 
898.9 
898.7 
898.5 
398.3 
398.0 
897.8 
897.6 


Defl. 


70 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


2SU. 


199.7 
199.7 
199.7 
199.7 
199.6 
199.6 
199.6 
199.6 
199.6 
199.6 
199.5 
199.5 
199.4 
199.4 
199.4 
199.3 
199.2 
199.2 


SSta. 


298.9 
298.8 
298.7 
298.6 
298.5 
298.4 
298.8 
298.2 
298.1 
298.0 
297.9 
297.8 
297.7 
297.6 
297.4 
207.8 
297.2 
297.0 


4Sta. 


897.6 
397.3 
897.0 
896.7 
896.6 
896.2 
896.0 
806.7 
806.4 
806.1 
894.8 
894Ji 
894.8 
894.1 
393  7 
893.2 
892.8 
892.4 


£leiratiou  of  outer  rail  in  curres  theoretically  is  equal  in  ins  to  (square 
of  vel  in  It  per  sec  X  gauee  in  Ins)  -i-  (Bad  of  curve  in  ft  X  82.2).  Experience 
has  shown  that  half  an  Inch  fop  each  degree  of  def  angle  (100  ft  chords)  does  verj 
well  for  4  ft  BJI  ins  gauge  up  to  40  mllea  per  hour*  At  60  miles  use  1  inch  per  deg. 
In  dangerous  places  this  may  be  increased  for  safetr  against  high  winds.  Ap- 
proaching the  curve  raise  the  outer  rail  at  the  rate  of  1  inch  in  about  60  or  80  ft 

When  the  ends  of  a  curve  are  tapered  off  by  transition  curves,  the  rise  is  made 
upon  the  latter. 

Relation  of  radlas  to  lengr^li  of  wlieel-base. 
Mr.  A.  M.  Wellington  *  found  by  experiments  with  models  that  a  rigid  truck 
passinff  around  a  curve,  whether  alone  or 
coupled  with   another  truck,  assumes 
the  position  shown  in  this  Fig. ,t  i.e.,  the 
flange  of  the  outer  front  wheel  presses 
against  the  outer  rail,  and  the  rear  axle 
coincides  wirh  a  radius  to  the  curve. 
Then,  for  the  angle  A,  between  that 
radius  and  the  radius  B  which  passes 
through  the  center  of  the  firont  axle : 
-        ,  .       wheel-base  B 

•^•"'^^ SdSiiR-! 

and  the  space  d  between  the  flange  of  the  outer  hind  wheel  and  the  outer  rail  is, 
d  »  radius  R  X  versed  sine  of  angle  A,  very  nearly. 
For  a  given  wheel-base  B,  we  have,  approximately, 

(J  =  (d  for  a  1®  curve)  X  degree  of  curvature ; 
and  the  inner  hind  wheel  will  touch  the  inner  rail  when  d  becomes  equal  to  the 
total  room  for  play  left  between  the  wheel-flanges  and  the  rails,  i.  e.,  when 
,  ,  ^  total  play 

degree  of  curvature  =  -rr ^~ 

^  d  for  a  1"  curve 

This  commonly  occurs  on  European  railways,  where  the  cars  have  rigid  wheel- 
bases  much  longer  than  our  pivoted  trucks,  and  where  d  for  a  given  radius  is 
therefore  much  greater  than  with  us.  Hence' the  inner  rails  on  curves  are  more 
generally  worn  there  than  here. 

For  a  wheel-base  5  ft.  long, "  d  for  a  1^  curve  "  is  0.0022  ft  It  varies  (nearly)  as 
the  square  of  the  length  of  the  wheel-base,    d  is  independent  of  the  gauge. 

*  The  Economic  Theory  of  Bailway  Location,  New  York,  John  Wiley  d  Sons,  1887. 

t  In  our  figure,  necessarily  much  exaggerated,  we  omit,  for  simplicity,  the  treads 
of  the  wheels,  all  of  which  are  supposed  to  rest  on  the  rails,  and  show  only  so  much 
of  their  flanges  as  extends  below  the  top  of  the  rait  r^  /^^r^I/^ 
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TABLE  OP  0RDINATB8. 


TiRble  of  Ordinate  5  n  apart. 

For  Bailioad  Onrres. 


diord  100  ft. 


Ordinates  for  anglM  intermediate,  of  thoee  in  the  table  can  at  once  be  found  bj 
•imple  proportion. 


Ang.  of 

Mid. 
50  ft. 

45  ft. 

40  ft. 

35  rt. 

sort. 

25  ft. 

30  ft. 

15  ft. 

ion. 

6ft. 

o    • 

4 

.014 

.014 

.014 

.018 

.012 

.010 

.008 

.008 

.006 

.008 

8 

.029 

.029 

.028 

.026 

.024 

.022 

.018 

.016 

.010 

.006 

la 

.043 

.043 

.041 

.088 

.037 

.033 

.028 

.022 

.016 

.008 

16 

.058 

.068 

.066 

.063 

.040 

.044 

.087 

.080 

.020 

.011 

90 

.078 

.072 

.070 

.066 

.061 

.066 

.047 

.087 

.026 

.014 

24 

.087 

.086 

.088 

.077 

.074 

.066 

.066 

.046 

.031 

.017 

38 

.102 

.101 

.096 

.092 

.066 

.077 

.066 

.062 

.036 

.019 

n 

.118 

.115 

.113 

.106 

.096 

jm 

.076 

.068 

.042 

.022 

88 

.131 

.130 

.126 

.119 

.110 

.099 

.084 

.066 

.047 

.024 

M 

.146 

.144 

.140 

.133 

.123 

.110 

.093 

.074 

.062 

.037 

44 

.180 

.158 

.168 

.145 

.135 

.121 

.103 

.081 

.067 

.080 

48 

.174 

.172 

.167 

.168 

.147 

.132 

.112 

.088 

.062 

.013 

62 

.189 

.187 

.181 

.171 

.159 

.143 

.122 

.096 

.068 

.036 

68 

.204 

.202 

.195 

.186 

.171 

.164 

.131 

.103 

.078 

.088 

1 

.218 

.216 

.209 

.198 

.183 

.164 

.140 

.111 

.078 

.041 

4 

.233 

.231 

.223 

.211 

.196 

.176 

.160 

.118 

.083 

.048 

8 

.247 

.245 

.237 

.324 

.208 

.186 

.169 

.126 

.088 

.046 

12 

.282 

.260 

.262 

.237 

.330 

.196 

.168 

.183 

.094 

.049 

18 

.278 

.274 

.265 

.261 

.233 

.207 

.177 

.140 

.099 

.063 

90 

.291 

.288 

.279 

.264 

.344 

.318 

.187 

.148 

.104 

.665 

34 

.308 

.303 

.293 

.277 

.356 

.339 

.197 

.166 

.109 

.067 

38 

.320 

.317 

.807 

.291 

.369 

.340 

.206 

.168 

.114 

.060 

33 

.334 

.331 

J21 

.804 

.381 

.361 

.916 

.171 

.120 

.068 

88 

.i549 

.346 

.836 

.317 

.393 

.363 

.224 

.178 

.126 

.066 

40 

.364 

.360 

.349 

.830 

.305 

.378 

.238 

.186 

.180 

.069 

44 

.378 

.374 

.363 

.343 

.818 

.384 

.242 

.192 

.186 

.072 

48 

.393 

.889 

J77 

.866 

.830 

.996 

.961 

.900 

.141 

.076 

62 

.407 

.408 

.391 

.870 

.343 

.306 

.961 

.208 

.147 

.on 

68 

.422 

.418 

.406 

.383 

.364 

.316 

.270 

.    .216 

.162 

.080 

S 

.486 

.432 

.419 

.397 

.866 

J37 

.980 

.222 

.167 

.068 

4 

.461 

.446 

.438 

.400 

.879 

.838 

.289 

.230 

.162 

.066 

8 

.466 

.461 

.447 

.426 

.391 

.849 

.296 

.237 

.167 

.088 

12 

.480 

.476 

.461 

.487 

.403 

.860 

.806 

.346 

.173 

.090 

18 

.495 

.490 

.476 

.460 

.416 

.371 

.817 

.262 

.178 

.008 

20 

.609 

.604 

.489 

.468 

.428 

.383 

J26 

.380^ 

.188 

.096 

24 

.623 

.618 

.608 

.476 

.440 

.883 

.334 

.267 

.188 

.099 

38 

.638 

.633 

.617 

.480 

.452 

.404 

.346 

.276 

.194 

.109 

82 

.652 

.647 

.631 

.60S 

.465 

.416 

.866 

.282 

.199 

.104 

88 

.667 

.662 

.646 

.616 

.477 

.426 

.364 

.289 

.904 

.107 

40 

.682 

.676 

.669 

.629 

.489 

.436 

.373 

.297 

.209 

.110 

44 

.506 

.590 

.678 

.642 

.601 

.447 

.382 

.304 

.214 

.118 

48 

.611 

.608 

.687 

.656 

.513 

.468 

.891 

.312 

.219 

.116 

62 

.826 

.619 

.601 

.669 

.536 

.460 

.401 

.319 

.226 

.118 

68 

.640 

.634 

.615 

.682 

.588 

.480 

.410 

.326 

.230 

.191 

8 

.664 

.648 

.629 

.696 

.660 

.491 

.419 

.384 

.286 

.134 

4 

.669 

.682 

.643 

.608 

.562 

.602 

.428 

.841 

.240 

.127 

8 

.683 

.677 

.667 

.621 

.574 

.612 

.438 

.849 

.246 

.110 

12 

.698 

.691 

.671 

.636 

Ml 

.638 

.448 

.857 

.261 

.183 

18 

.718 

.705 

.666 

.649 

.699 

.634 

.467 

.864 

.267 

.186 

20 

.727 

.720 

.689 

.662 

.611 

.646 

.466 

.371 

.262 

.188 

24 

.742 

.734 

.713 

.676 

.623 

.666 

.475 

.378 

.267 

.141 

28 

.756 

.749 

.727 

.688 

.636 

.667 

.486 

.886 

.273 

.144 

82 

.771 

.768 

.741 

.702 

.648 

.678 

.494 

.394 

.278 

.148 

88 

.786 

.777 

.766 

.715 

.660 

.689 

.508 

.401 

.283 

.140 

40 

.800 

.792 

.769 

.728 

.678 

.600 

.612 

.408 

.288 

.163 

44 

.814 

.806 

.783 

.741 

.685 

.611 

•621 

.415 

.298 

.166 

48 

.829 

.821 

.797 

.754 

.697 

.621 

.681 

.423 

.298 

.166 

62 

.843 

.835 

.811 

.768 

.709 

.632 

.541 

.431 

.304 

.160 

68 

.868 

.850 

.826 

.78* 

.721 

.643 

.660 

.438 

.309 

.168 

4 

.873 

.864 

.839 

.794 

.784 

.666 

.659 

.445 

.314 

.108 

10 

.909 

.900 

.874 

.827 

.764 

.682 

,682 

.464 

.327 

.173 

20 

.946 

.986 

.909 

.860 

.796 

.709 

.606 

.482 

.840 

.lit 

30 

.981 

.972 

.944 

.893 

.826 

.736 

.629 

.501 

.364 

.186 

40 

1.017 

1.008 

.979 

.926 

.855 

.764 

.652 

.519 

.367 

.198 

60 

1.054 

1.044 

1.014 

.959 

.886 

.791 

.676 

.538 

J80 

.199 

6 

l.OHl 

1.080 

1.048 

.998 

.917 

.818 

.609 

.557 

.896 

.307 

10 

1.127 

1.116 

1.068 

1.026 

.947 

.845 

.722 

.576 

.406 

.314 

20 

1.164 

1.152 

1.118 

1.058 

.978 

.872 

.746 

.594 

.419 

.330 

30 

1.200 

1.188 

1.168 

1.002 

1.009 

.900 

.789 

.613 

.482 

.898 
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XaMe  of  OraUi»$€S  5  Ct  apiupt,  —  (OontipQed.) 


DitUnoM  of  the  OrdiDAtM  from  tho  end  of  the  100  foot  Chord. 

Anf .  of 

Mid. 
SCfl. 

46  ft. 

40  ft. 

86  fL 

80  ft. 

15  ft. 

10  ft. 

16  ft 

10  ft. 

6fL 

o    • 
040 

1.996 

1.9IM 

1.188 

1.194 

1.088 

»  jtn 

.799 

.681 

.446 

.936 

60 

1.378 

1.980 

1.998 

1.167 

1.070 

.964 

.816 

.648 

.458 

.941 

e 

1.808 

1.996 

1.958 

1.191 

1.100 

.969 

.889 

.668 

.472 

.348 

11 

1.846 

1.889 

1.998 

1.294 

1.180 

1.009 

.869 

.686 

.486 

.965 

90 

1.889 

1.866 

1.S98 

1.966 

1.161 

1.066 

.886 

.706 

.496 

.969 

80 

1.419 

1.404 

1.869 

1.990 

1.199 

1.064 

409 

.734 

.611 

.969 

40 

1.465 

1-440 

1.897 

1..198 

1.999 

1.091 

.969 

.749 

.694 

.979 

50 

1.491 

1.476 

1.439 

1.865 

1.958 

1.118 

.966 

.761 

.587 

.988 

7 

1.698 

1419 

1.467 

1.389 

1.984 

1.146 

.979 

.779 

461 

.990 

10 

1464 

1.6a 

J.809 

1.499 

1.914 

1J73 

1.009 

.796 

.564 

4IT 

90 

IJOO 

1484 

1.687 

1.464 

1.346 

1.900 

1.096 

.816 

476 

404 

M 

1.687 

1.690 

1.879 

1.486 

1.876 

1.998 

1.048 

.886 

499 

.811 

40 

1.678 

1.656 

1.607 

1.591 

1.406 

1.966 

1.071 

.864 

.606 

418 

60 

1.710 

1.699 

1.641 

1.568 

1.436 

1.9B9 

1.006 

.879 

.616 

4M 

8 

1.746 

1.796 

1.677 

l.6e7 

1.467 

1410 

1.118 

.891 

.699 

.881 

80 

1.866 

1.886 

1.789 

1.687 

1469 

1.899 

1.188 

.946 

.669 

468 

• 

1.966 

1.944 

1.886 

1.787 

1.661 

1.474 

1.966 

1.009 

.706 

478 

80 

9.074 

9.669 

1.991 

1.887 

1.749 

1.666 

1.398 

1.067 

.748 

494 

10 

9.188 

9.161 

9.006 

1.987 

1.884 

1.687 

1J86 

1.114 

.787 

.416 

80 

9.09 

9.969 

9.901 

9.087 

1.996 

1.719 

1.468 

1.170 

.837 

.486 

11 

9.401 

94n 

9.806 

9.186 

9.018 

1.809 

1.668 

1.996 

.866 

.46V 

80 

9.611 

9.486 

9.411 

9.986 

9.110 

1.884 

1.609 

1.969 

406 

419 

11 

9.690 

9494 

9416 

9.886 

9.908 

1J67 

1.681 

1489 

446 

.489 

80 

9.780 

9.708 

9.691 

9.486 

9.986 

9.049 

1.760 

1.896 

.986 

499 

18 

18S9 

9.811 

9.796 

9486 

9.887 

9.189 

1.890 

1.461 

IS 

441 

80 

9.949 

9.990 

9.8S9 

9.686 

9.479 

9.914 

1.891 

a.607 

469 

li 

8.068 

8.098 

9.937 

9.786 

9471 

9.997 

1.961 

1.564 

1.106 

.688 

80 

8.168 

8.186 

3.049 

9.884 

9.664 

9.379 

9.081 

1.690 

1.144 

.604 

15 

8.977 

8.946 

8.147 

9.984 

9.786 

9.469 

9.109 

1.676 

1.184 

.696 

80 

8.887 

8.864 

8.969 

8.064 

2.848 

9.644 

9.179 

1.789 

1.994 

.646 

16 

8.496 

8.469 

8.868 

8.184 

9.941 

9.697 

9.948 

1.789 

1.964 

.687 

17 

8.716 

8.680 

8569 

3.884 

3.196 

9.799 

9.884 

1.909 

1.844 

.709 

18 

8.986 

8.897 

8.779 

8.584 

8.810 

9.968 

9.596 

1.014 

1.494 

.761 

19 

4.166 

4.116 

8w9S0 

3.784 

3.496 

8.198 

9.666 

1197 

1.504 

.798 

90 

4.876 

4.889 

4.901 

8.984 

3.680 

8.988 

9.808 

9.940 

1.688 

.886 

99 

4.816 

4.768 

4.694 

4.386 

4.060 

8.690 

3.098 

9.467 

1.744 

.999 

94 

6.966 

5.904 

5.048 

4.789 

4.433 

3.969 

8.879 

9.696 

1.905 

1.009 

98 

8.697 

6.649 

5.478 

6.199 

4.798 

4.986 

8.666 

9.994 

9.068 

1.094 

98 

6.189 

6079 

5.886 

6496 

6.171 

4.69S 

8.969 

8.154 

9.989 

1.161 

80 

6689 

6.517 

6.3J8 

5.999 

5444 

4.968 

4.989 

8.886 

9.896 

1.96fr 

89 

70-i7 

6.957 

6.751 

6.406 

5.999 

6.997 

4.580 

8.619 

9.566 

1.85» 

84 

7.479 

7.398 

7.179 

6.813 

6.300 

6.637 

4.899 

8.864 

1733 

1.446 

88 

7.918 

7.841 

7.609 

7.«9 

6.679 

6.978 

6.116 

4.090 

i.90l 

1.535 

88 

8.867 

6.986 

8.041 

7.633 

7.060 

6490 

6.410 

4.397 

8.069 

1.696 

40 

8.816 

8.781 

&474 

8.044 

7.449 

6.668 

6.706 

4.666 

3.988 

1.718 

CHtnse  on  earTOS.  Let  B  »  radius  of  wheel  from  center 

to  tread,  F  —  depth  of  flanjee  of  wheel,  and  L  =  the 
length  of  that  portion  of  the  wheel-flange  which  ex- 
tends below  the  top  of  the  raU,  =  2  i/(K  +  F) «  —  R«, 
all  in  inches.  Then  if,  on  the  curve,  we  widen  the 
gauge  by  a  quantity,  in  inches,  = 
0*>»L  '  w  L,/<e<  -f  length  of  rigid  wheel-base,  ft. 
•*  I  »»w.  X  gm^gg^  ft.  +  2  X  rad.  of  thecurve, ft.  ' 
the  wheels  will  have  approximately  the  same  play . 
on  the  curve  as  on  the  tangent.  For  a  riffid  wheel- 
baee  14  ft.  long  and  drivers  4  ft.  diam.^  with  1%  inch 
flanges,  Q  is  about  0.02  inch  (=  one-fiftieth  of  an  in.)  for  each  degree  of  curvature. 

Many  roads  use  the  same  gauee  on  curves  as  on  tangents.  Others  widen  the 
gauge  on  curves  by  from  one  thirty -second  to  one-eighth  inch  for  each  degree  of 
curvature,  seldom,  however,  exceeding  1  inch  as  a  uiaximum.  In  Philadelphia 
the  Pennsylvania  Railroad  nas  freight-car  sidings  of  60  feet  radius ;  track  gauge 
(same  on  curves  as  on  tangents),  4  u.  9  ins. ;  standard  wheel-gauge,  4  ft.  8^  ins. 

*  Except  for  very  sharp  curves  and  for  very  short  wheel-bases  with  large  wheels 
and  deep  flanges,  it  is  ampl^  approximate  to  say 

^,    .     ,  Tilt      V,      wheel-base  in  feet 

Q  in  inches  »  L  in  inches  X  ^ 


2  X  rad.  wf  curve 
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LETEL  CUTTINOS. 


^ 


? 


? — a 


~^ 


To  prepare  a  Table*  T,  of  IiOTel  Cnttliivs,  fiir  every  ^  of  a 
ftiot  of  beifrlit,  or  deptli. 

Let  the  flf  repTMent  th«  oottinff  i  «r.  If  loTOTla^ 

the  fllllog ;  In  wbich  the  boriioBtelUne*  are  lap- 

poied  to'  be  JL  Ibot  apart.    Pint  oalcolate  the 

area  ia  Minare  feet,  of  the  layer  «  ft  e  o,  adJolDtng 

the  roadway  a  6.    Then  find  how  many  enbie 

yards  that  area  flTei  fn  a  diHtanoe  of  100  flset. 

Theie  oubio  yards  we  will  oall  Y :  ther  form  the 

flrat  amooDt  to  be  put  Into  the  Table  T. 

Next  ealenlate  the  area  in  square  feet  of  the  triangle  ant.    Multiply  this  area  bv  4.    Find  how 

many  oobie  yards  this  inereased  area  giree  in  a  disuaoe  of  100  feet.    Or  they  will  be  found  ready 

ealeulated  below.  We  wUl  eaU  them  y.    This  U  all  the  preparation  that  is  needed  before 

commend  Dg  the  table. 

y.y ain.~Let  the  roadbed  a  »  be  18  fset,  and  the  side-slopee  lUto  1.  Then  for  tbearea  of  •  »  e  o: 
sinee  the  side-slopes  are  1^  to  1 ;  and  «  ( Is  .1  foot;  e  o  must  be  18.S  fleet;  and  the  mean  length  of 
«6  eo  must  be  18.16  feet.    Consequently,  the  aiea  is  18.16  X  .1=  1.816  square  feet;  whl^,  in  a 

dietanee  of  100  ftot,  gives  181.6  enbie  fset ;  whieh  is  equal  to  -^ = 6.7SSS  onbio  yards :  or  T. 

Next,  as  to  the  triangle  ano\  iu  height  4  n  being  .1  foot,  and  its  base  f»o  .16  fMt;  Ita  area 
=  tL2Ld^  =  '^^=.0076  square  ft.  ThU  multiplied  by  4.  giree  .08  aquare  foeC ;  whieh,  in  a  distance  of 
100  feet,  giTOS  .08  X  100=:8eable  feet:  whioh  is  equal  to  ^-  =  -IHI  enbie  yard;  ory. 

Having  thus  found  T  and  f,  proceed  to  make  ont  the  table  in  the  manner  followiag,  whioh  Is  ao 
plalA  as  to  require  no  explanatiou.  The  work  should  be  tested  about  every  6  feet,  by  ealonlating  the 
area  of  the  full  depth  arrired  at :  multiply  it  by  100,  and  divide  the  product  by  S7  fer  the  ouble  yards 
Tbe  oubio  yards  thus  found ebonid  agree  with  the  Uble. 

Y 6.7222 Y.  6.722    X 


.nil 


6.8333 
.1111 


6.8333 


6.9444 
.1111 


7.0666 
.1111 


7.1666 
..«    .1111 


7.2777 


42.0000    A 


Tablb  T 


Height. 
Fe«t. 


.1  .. 
.2  ... 
.8  ... 
.4  ... 
.6... 
.6.. 


Cub.  Yds. 


Ac 


6.72  Y. 
18.6 
20.6 
27.6 
84.7 
42.0 


Th«  following  table  contains  y,  ready  calculated  for  different  side-slopes.  It  platnlj 
temains  the  same  for  all  widths  of  roadbed. 


Side-slope. 


Side-slope. 


.0185 
.0370 
.0666 
.0741 
.0026 
.1111 


l%tol 
2  to  1 
214  to  1 
2^tol 
8  tol 
4     tol 


.1296 
J482 
.1667 
.1862 
.2222 


y  Google 
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Table  1.     I^evel  Cattlnys.* 

Boftdway  14  feet  wide,  side-slopee  1>^  to  1. 
For  lingle-traok  embankment. 


ST' 

.0 

.1 

^ 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

Ca.Ydi. 

Cu.Yd». 

Ca.Td*. 

Cu.Ydt. 

Ou.Ydi. 

Cu.Yd.. 

Co.Ydi. 

Cu.Ydi. 

Cu.Yda. 

Cii.Yd*. 

„  ■  0 

5.24 

10.6 

16.1 

21.6 

27.3 

33.1 

39.0 

45.0 

61.2 

i  1 

57.4 

63.8 

70.2 

76.8 

83.6 

90.3 

97.2 

104.2 

111.3 

118.6 

0  2 

125  9 

133.4 

141.0 

148.6 

156.4 

164.4 

172.4 

180.6 

188.7 

197a 

,   3 

205.6 

214.1 

222.8 

2:n.6 

240.6 

249.5 

258.7 

267.9 

277.3 

286.7 

^  -  i 

296.3 

306.0 

315.8 

326.7 

335.7 

345.8 

356.1 

366.4 

376.9 

387.5 

I      5 

398.1 

408.9 

419.9 

430.9 

442.0 

453.2 

464.6 

476.1 

487.6 

499.3 

6 

511.1 

623.0 

535.0 

647.2 

559.4 

571.8 

584.2 

596.8 

609.5 
^42.4 

622.3 

7 

635.2 

648.2 

661.3 

674.6 

687.9 

701.4 

714.9 

728.6 

756.3 

8 

770.3 

784.5 

798.7 

813.1 

827.5 

842.1 

856.8 

871.6 

886.6 

901.6 

9 

916.7 

931.9 

947.3 

962.7 

978.3 

994.0 

1010 

1026 

1042 

1058 

10 

1074 

1090 

1107 

1123 

1140 

1157 

1174 

1191 

1208 

]22i 

11 

1243 

1260 

1278 

1295 

1313 

1.331 

1349 

1367 

1385 

1404 

12 

U23 

1441 

1459 

1478 

1497 

1516 

1535 

1554 

1574 

1593 

13 

1613 

1633 

1652 

1672 

1692 

1712 

1733 

1753 

1773 

1794 

14 

1815 

1835 

1856 

1877 

1898 

1920 

1941 

1962 

1984 

2006 

15 

2028 

2050 

2072 

2094 

2118 

2138 

2161 

2183 

2206 

2229 

16 

2252 

2275 

2298 

2321 

2344 

2368 

2391 

2415 

2439 

2463 

17 

2487 

2511 

2535 

2559 

2584 

2608 

2633 

2668 

2683 

2708 

.18 

2733 

2759 

2784 

2809 

2835 

2861 

2886 

2912 

2938 

2964 

19 

2991 

3017 

3044 

3070 

3097 

3124 

3151 

3178 

3205 

3232 

20 

3259 

^87 

3314 

3342 

3370 

3398 

3426 

3464 

3482 

3510 

21 

3539 

3567 

3596 

3625 

3654 

3683 

3712 

3741 

3771 

3800 

22 

3830 

3859 

3889 

3919 

3949 

3979 

4009 

4040 

4070 

4101 

23 

4132 

4162 

4193 

4224 

4255 

4287 

4318 

4349 

4381 

4413 

24 

4444 

4476 

4508 

4541 

4573 

4605 

4638 

4670 

4703 

4736 

25 

4769 

4802 

4835 

4868 

4901 

4935 

4968 

6002 

5036 

5070 

26 

5104 

613S 

5172 

5206 

5241 

5275 

5310 

5346 

6380 

5415 

27 

5450 

5485 

5521 

5556 

5592 

5627 

5663 

5699 

6735 

5771 

28 

5807 

5844 

5880 

5917 

5953 

5990 

6027 

6064 

6101 

6139 

29 

6176 

6213 

6251 

6289 

6326 

6364 

6402 

6440 

6479 

6517 

SO 

6556 

6594 

6633 

6672 

6711 

6750 

6789 

6828 

6867 

6907 

31 

6946 

6986 

7026 

7066 

7106 

7146 

7186 

7226 

7267 

7307 

8? 

7348 

7389 

7430 

7471 

7512 

7553 

7595 

7636 

7678 

7719 

33 

7761 

7803 

7845 

7887 

7929 

7972 

8014 

8057 

8099 

8142 

U 

8185 

8228 

8271 

8315 

8353 

8401 

8445 

8489 

8532 

8576 

35 

86-20 

8664 

8709 

8753 

8798 

8842 

8887 

8932 

8976 

9022 

86 

9067 

9112 

9157 

9203 

9248 

9294 

9340 

9386 

9432 

9478 

87 

9524 

9570 

9617 

9663 

9710 

9757 

9804 

9851 

9898 

9945 

88 

9993 

10040 

10088 

I0l:?5 

10183 

10231 

10279 

10327 

10375 

10424 

39 

10472 

10521 

10569 

10618 

10667 

10716 

10765 

10816 

10864 

10913 

40 

10963 

11013 

11062 

11112 

11162 

11212 

11263 

11313 

11364 

11414 

41 

11465 

11516 

11567 

11618 

11669 

11720 

11771 

11823 

11874 

11926 

42 

11978 

12029 

120S1 

12134 

12186 

1223S 

12291 

12343 

12396 

12449 

43 

12502 

12555 

12608 

12661 

12715 

12768 

12822 

12875 

12929 

12983 

44 

13037 

13091 

13145 

13200 

13254 

13309 

13363 

13418 

13473 

1.3528 

45 

13583 

13639 

13694 

13749 

13805 

13861 

13916 

13972 

14028 

14084 

46 

14141 

14197 

14254 

14310 

14367 

14424 

14480 

14537 

14595 

14652 

47 

14709 

14767 

14S24 

14882 

14940 

14998 

15056 

15114 

15172 

15230 

48 

15289 

15347 

15406 

15465 

1.5524 

isrts.i 

15642 

15701 

15761 

I582i 

49 

15880 

15939 

15999 

16059 

16119 

16179 

16239 

16300 

16360 

16421 

50 

16481 

16542 

16603 

16664 

16725 

16787 

16848 

10909 

16971 

17033 

61 

17094 

17156 

17218 

17280 

17343 

17405 

17467 

17530 

17593 

17656 

52 

17719 

17782 

17845 

17908 

17971 

18035 

18098 

18162 

18226 

18296 

53 

18364 

18413 

18482 

18546 

18611 

18675 

18740 

18805 

18^70 

1S935 

54 

19000 

19065 

19131 

19196 

19262 

19327 

19393 

19459 

19525 

19.591 

55 

19657 

19724 

19790 

19S57 

19923 

19990 

20057 

20124 

20191 

202.59 

56 

20326 

20393 

20461 

20529 

20596 

20664 

20732 

20800 

2()Kfi9 

20937 

.67 

2l00-> 

21074 

21143 

21212 

21280 

21349 

21419 

214RS 

215.57 

21627 

6S 

21 696 

21766 

21836 

21906 

21976 

22046 

22116 

22186 

22257 

22327 

59 

22398 

22469 

22540 

'22611 

22682 

22753 

22825 

22896 

22968 

2;m39 

60 

23111 

23183 

23255 

i 23327 

,23399 

2.a72^ 

'p.V^J 

»L 

23762 

^AV 

-•  Promt 

ae  Autbo 

•  "Mea 

larement 

and  Cost 

of  Earth 

work."  ^ 
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Table  2.    ]>Tel  Cnttlnc** 

Soadway  24  feet  wide,  side-elopes  1^  to  1. 
For  donble-traok  embankment 


mi' 

.0 

a 

Jt 

.8 

.4 

.6 

.6 

.7 

.8 

.9 

Ou.Tdi. 

Oo.Tdi. 

Ou.Td». 

OniYd.. 

Ov.Tdi. 

Oii.Tdi. 

Oii.Tdi. 

Ga.Td«. 

Ou.Ydt. 

Oo.Tdi. 

0 

8.94 

18.0 

27.2 

36.4 

46.8 

65.3 

64.9 

74.7 

84.6 

1 

94.4 

104.6 

114.7 

124.9 

135.3 

145.8 

166.4 

167.2 

178.0 

188.9 

2 

200.0 

211.2 

222.4 

233.8 

245.3 

266.9 

268.6 

280.6 

292.4 

904.4 

S 

816.6 

828.9 

341.2 

363.7 

366.3 

379.0 

391.9 

404.8 

417.8 

431.0 

4 

444.4 

467.8 

471.3 

484.9 

498.6 

612.4 

626.4 

640.4 

664.6 

668.8 

6 

688.3 

697.8 

612.4 

627.1 

642.0 

666.9 

671.9 

687.1 

702.3 

717.7 

6 

733^ 

748.9 

764.7 

780.6 

796.4 

812.6 

'828.7 

844.9 

8I1JJ 

877.8 

7 

894.4 

911.2 

928.0 

944.9 

962.0 

979.2 

996.4 

1014 

1031 

1049 

8 

1067 

1086 

1102 

1121 

1130 

1167 

1175 

1194 

1212 

1231 

9 

1260 

1269 

1288 

1307 

1326 

1346 

1366 

1386 

1406 

1426 

10 

1444 

1466 

1486 

1605 

1626 

1546 

1566 

1687 

1608 

1629 

11 

1650 

1671 

1692 

1714 

1736 

1767 

1779 

1800 

1822 

1846 

12 

1867 

1889 

1911 

1934 

1966 

1979 

2002 

2026 

2048 

2071 

18 

2094 

2118 

2141 

2165 

2189 

2213 

2236 

2261 

2286 

2309 

14 

2368 

2382 

2407 

2432 

2467 

2482 

2507 

2632 

2668 

16 

2688 

2609 

2636 

2661 

2686 

2713 

2739 

2766 

2791 

2818 

16 

2844 

2871 

2898 

2926 

2962 

2979 

8006 

3034 

8061 

308i 

17 

8117 

3146 

3172 

8201 

8229 

3267 

3286 

3314 

8342 

8371 

18 

8400 

8429 

8468 

8487 

3616 

3646 

3676 

3606 

8636 

3666 

19 

8094 

8726 

8766 

8786 

3816 

3846 

3876 

3907 

8938 

8909 

20 

4000 

4031 

4062 

4094 

4126 

4167 

4189 

4221 

4262 

4286 

21 

4317 

4349 

4381 

4414 

4446 

4479 

4.M2 

4646 

4678 

4611 

22 

4644 

4678 

4711 

4746 

4779 

4813 

4846 

4881 

4916 

4949 

23 

4983 

6018 

6062 

6087 

6122 

6167 

6192 

6227 

6262 

6298 

24 

6833 

6369 

6405 

6441 

6476 

6613 

6649 

5686 

6621 

6668 

25 

6604 

6731 

6768 

6806 

6842 

6879 

5916 

6964 

6991 

6029 

26 

6067 

6106 

6142 

6181 

6219 

6267 

6296 

6334 

6872 

6411 

27 

6460 

6489 

6628 

6567 

6606 

6646 

6685 

6725 

6766 

6806 

28 

6844 

6886 

6925 

6966 

7006 

7046 

7086 

7127 

7168 

7209 

29 

7260 

7291 

7332 

7374 

7416 

7467 

7499 

7641 

7582 

7626 

80 

7667 

no9 

7761 

7794 

7836 

7879 

79-22 

7966 

8008 

8061 

81 

8094 

8188 

8181 

8226 

8269 

8313 

8366 

8401 

8446 

8489 

32 

8683 

8678 

8622 

8667 

8712 

8767 

8802 

8847 

8892 

8938 

88 

8983 

9029 

9075 

9121 

9166 

9212 

9269 

9305 

9351 

9398 

84 

9444 

9491 

9538 

9586 

9632 

9679 

0726 

9774 

9821 

9869 

86 

9917 

9966 

10012 

10061 

10109 

10167 

10205 

10-254 

10302 

10351 

86 

10400 

10449 

10498 

10647 

1(»596 

10646 

10695 

11/745 

10796 

10846 

87 

10894 

10946 

10995 

11045 

11096 

11146 

11196 

11247 

11298 

11349 

88 

11400 

11461 

11502 

11554. 

11606 

11657 

11709 

11761 

11812 

11866 

89 

11917 

11969 

12021 

12074 

12128 

12179 

12232 

12285 

12338 

12391 

40 

12444 

12498 

12561 

12605 

12659 

12713 

12766 

12821 

12876 

12929 

41 

12983 

13038 

13092 

13147 

13202 

13267 

13312 

13367 

13422 

1347^ 

42 

13633 

13689 

13645 

13701 

13756 

13813 

13869 

13926 

13981 

1403*' 

48 

14094 

14161 

14208 

14265 

14322 

14379 

14436 

14494 

14561 

1460W 

44 

14667 

14726 

14782 

14840 

14899 

14957 

16016 

15074 

16132 

16191 

46 

16260 

16309 

15368 

15427 

16486 

16546 

16605 

16666 

16726 

16786 

46 

16844 

16906 

15965 

16025 

16085 

16146 

16206 

16267 

16328 

16389 

47 

16460 

16611 

16572 

16634 

16695 

16757 

16819 

16881 

16942 

1T006 

48 

17067 

17129 

17191 

17264 

17316 

17379 

17442 

17605 

17568 

17631 

49 

17694 

17768 

17821 

17886 

17949 

18013 

18076 

18141 

18206 

18269 

60 

18333 

18398 

18462 

18527 

18692 

18657 

18722 

18787 

18862 

18918 

61 

18983 

19049 

19115 

19181 

19246 

19313 

19379 

19446 

19611 

19678 

62 

196U 

19711 

19778 

19845 

19912 

19979 

20046 

20114 

20181 

•20249 

63 

20317 

20386 

20452 

20521 

20589 

20657 

20725 

20794 

20862 

20931 

64 

21000 

21069 

21138 

21207 

21276 

21346 

21415 

21485 

21666 

21626 

66 

21fi94 

21766 

21836 

21906 

21976 

22046 

22116 

22187 

22258 

22329 

66 

22400 

22471 

22642 

22614 

22686 

22757 

22829 

22901 

22972 

23045 

67 

23117 

•23189 

23261 

23334 

23406 

23479 

23552 

23625 

23fi98 

23771 

68 

28844 

23918 

23991 

24066 

24139 

24213 

24286 

24361 

24436 

24609 

60 

24683 

24658 

24732 

24807 

24882 

24957 

25032 

•25107 

25182 

26258 

•0 

26333 

26409 

25485 

25561 

25636 

26713 

25789 

258^ 

2694; 

•26018 

For  eontinoation  to  100  feeu  se*  Tabii^ l^ed  by  VjUU^ K 
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Table  8.     I^eTel  Cnttlnss* 

Roadway  18  feet  wide,  side-fllopes  1  to  L 
For  lingle-traok  exoayatioiL. 


grK 

.0 

.1 

.2 

Ji 

.4 

.6 

.8 

.7 

.8 

JH 

Ou-Tdi. 

Cii.Tds. 

Oa.T(U. 

Oii.Tdi. 

Oii.Tdt. 

Ou.Td«. 

Ott.Td«. 

Ou.Td«. 

OcYda. 

Oii.Tda. 

0 

6.70 

13.5 

20.3 

27.3 

34.3 

41.3 

48.5 

55.7 

83.0 

1 

70.4 

77.8 

86.3 

02.0 

100.6 

108.3 

116.1 

124.0 

132.0 

140.0 

2 

148.1 

158.3 

184.8 

172.0 

181.3 

180.8 

108.4 

207.0 

215.7 

224.6 

S 

283.3 

242J) 

251.3 

280.3 

269.5 

278.7 

288.0 

207.4 

308.8 

318.3 

4 

325.9 

335.8 

345.3 

365.1 

385.0 

876.0 

886.0 

305.1 

406.3 

416.8 

6 

425.0 

438.3 

446.8 

467.4 

488.0 

478.7 

480.6 

600.3 

511.3 

622.3 

6 

538.3 

544.6 

656.7 

567.0 

678.4 

680.8 

801.8 

812.0 

824.6 

838^ 

7 

848.1 

680.0 

872.0 

884.0 

806.1 

708.3 

720.8 

732.0 

745.3 
873!5 

767.8 

8 

770.4 

783.0 

705.7 

808.5 

821.8 

834.3 

847.3 

860.3 

888.7 

9 

900.0 

913.4 

026.8 

940.3 

953.0 

967.8 

981.3 

995.1 

1000 

1023 

10 

1037 

1051 

1066 

1080 

1004 

1108 

1128 

1137 

1162 

1187 

11 

1181 

1198 

1211 

1228 

1241 

1258 

1272 

1287 

1802 

1318 

12 

1338 

1349 

•1385 

1380 

1308 

1412 

1428 

1444 

1480 

1478 

13 

1403 

1509 

1526 

1542 

1658 

1576 

1592 

1608 

1826 

1842 

14 

1659 

1678 

1603 

1711 

1728 

1746 

1763 

1780 

1708 

1818 

15 

1833 

1851 

1880 

1887 

1005 

1923 

1941 

1960 

1978 

1008 

16 

2016 

2033 

2062 

2071 

2060 

2108 

2127 

2148 

2166 

2184 

17 

2204 

2223  , 

2242 

2282 

2281 

2301 

2321 

2340 

2800 

2380 

18 

2400 

2420 

2440 

2480 

2481 

2601 

2521 

2642 

2682 

2683 

19 

2604 

2824 

2845 

2888 

2687 

2708 

2729 

2761 

2772 

2798 

20 

2815 

2838 

2858 

2880 

2001 

2923 

2946 

2987 

2989 

80U 

21 

3033 

3058 

3078 

3100 

8123 

3145 

3188 

8191 

8218 

3286 

22 

3259 

3282 

3305 

3328 

3352 

3376 

8398 

8422 

8446 

3480 

2S 

3403 

3518 

3540 

8564 

8588 

3612 

3838 

3880 

3709 

24 

3733 

3768 

3782 

3807 

3832 

3858 

3881 

3908 

3981 

3968 

26 

3081 

4007 

4032 

4067 

4083 

4108 

4184 

4160 

4186 

4211 

28 

4237 

4283 

4280 

4316 

4341 

4368 

4394 

4420 

4447 

4473 

27 

4500 

4527 

4553 

4680 

4607 

4634 

4681 

4688 

4718 

4743 

28 

4770 

4708 

4826 

4853 

4881 

4008 

4038 

4084 

4992 

6020 

20 

5048 

5078 

5105 

6133 

5161 

5100 

6218 

6247 

6278 

6304 

SO 

5333 

5382 

6301 

5420 

5440 

5470 

6508 

5537 

6567 

6598 

SI 

5828 

6858 

6686 

5715 

5745 

5776 

5806 

5835 

6886 

6898 

32 

5028 

5056 

6087 

6017 

6048 

6079 

6100 

6140 

8171 

6202 

83 

8233 

62M 

8208 

6327 

6358 

6300 

8421 

8453 

8485 

6518 

34 

8548 

6580 

8612 

8844 

6676 

6708 

6741 

6773 

6805 

8838 

35 

6870 

6003 

6036 

8088 

7001 

7034 

7067 

7100 

7133 

7187 

36 

7200 

7233 

7267 

7300 

7334 

7368 

7401 

7435 

7460 

7503 

37 

7637 

7671 

7606 

7640 

7674 

7708 

7743 

7777 

7812 

7847 

38 

7881 

7016 

7051 

7088 

8021 

8058 

8002 

8127 

8162 

8198 

30 

82S3 

8269 

8305 

8340 

8378 

8412 

8448 

8484 

8520 

8556 

40 

8503 

8623 

8665 

8702 

8738 

8776 

8812 

8848 

8885 

8022 

41 

8050 

8006 

0033 

0071 

0108 

0146 

9183 

0220 

0258 

9296 

42 

0333 

0371 

0400 

0447 

9486 

0523 

0561 

0600 

0638 

0676 

43 

0715 

0763 

0702 

0831 

0860 

0008 

0047 

0088 

10025 

10084 

44 

10104 

10143 

10182 

10222 

10261 

10301 

10341 

10380 

10420 

10460 

46 

10500 

10640 

10580 

10620 

10661 

10701 

10741 

10782 

10822 

10863 

48 

10004 

10044 

10085 

11028 

11067 

11108 

11140 

11101 

11232 

11273 

47 

11315 

11358 

11308 

11440 

11481 

11523 

11565 

11607 

11640 

11601 

48 

11733 

11776 

11818 

11860 

11903 

11045 

11088 

12031 

12073 

12118 

40 

12150 

12202 

12246 

12288 

12332 

12375 

12418 

12462 

12605 

12540 

50 

12503 

12636 

12680 

12724 

12768 

12812 

12856 

12000 

12045 

12080 

61 

13033 

13078 

13122 

13167 

13212 

13256 

13301 

13346 

13301 

13438 

62 

13481 

13527 

13572 

13617 

13663 

13708 

13754 

13500 

13845 

13801 

53 

13037 

13083 

14020 

14075 

14121 

14168 

14214 

14260 

14307 

14353 

54 

14400 

14447 

14493 

14540 

14587 

14634 

14681 

147-28 

14776 

14823 

55 

14870 

14018 

14065 

15013 

16061 

15108 

15156 

15204 

15252 

15300 

58 

15348 

15306 

15445 

15403 

16541 

16600 

16638 

15687 

15736 

15784 

57 

15833 

15882 

15031 

16980 

16020 

16070 

16128 

17177 

16227 

16276 

58 

18328 

16378 

16425 

16+75 

16525 

16576 

16625 

16675 

16725 

16776 

69 

16826 

16878 

16027 

16977 

17028 

17070 

17120 

17180 

17231 

17282 

80 

17333 

17384 

17436 

17487 

17538 

17500 

176A1 

17603 

17745 

17706 

For  oonttaaation  Is  !•»  loM  Uep,  m*  Tabl*  7. 
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Table  4.     "Lewel  €attlti«9. 

Roadway  18  feet,  side-slopes  1^  to  1. 

For  siagle-traclc  eicavatioE, 


S^r. 

I 

.0 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.9 

CQ.Yda. 

Cu.Yds. 

Ca.YdB 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.YdB. 

Cu.YdB. 

Cu.Yd*. 

Cu.Yds. 

0 

6.72 

13.t) 

20.5 

27.6 

34.7 

42.0 

49.4 

56.9 

1   64.5 

1 

72.2 

80.1 

88.0 

96.1 

104.2 

112.5 

120.9 

129.4 

138.0 

146.7 

2 

155.5 

164.5 

173.5 

182.7 

191.9 

201.3 

210.8 

220.4 

230.1 

240.0 

3 

249.9 

260.0 

270.1 

280.4 

290.8 

301.3 

311.9 

322.6 

333.4 

344.6 

4 

355.5 

,  366.7 

378.0 

389.4 

400.9 

412,5 

424.2 

436.0 

448.0 

460.0 

5 

472.2 

484.5 

496.9 

509.4 

522.0 

534.7 

547.6 

660.5 

573.6 

586.7 

6 

600.0 

613.4 

626.9 

640.5 

654.2 

668.1 

682.0 

696.1 

710.2 

724.5 

7 

738.9 

753.4 

768.0 

782.7 

797.6 

812.5 

827.6 

842.7 

858.0 

873,4 

8 

888.9 

904.5 

920.2 

936.1 

952.0 

968.1 

984,2 

1001 

1017 

1033 

9 

1050 

1067 

1084 

iioi 

1118 

1136 

1152 

1169 

1187 

1205 

10 

1222 

1240 

1258 

1276 

1294 

1313 

1331 

1349 

1368 

1387 

11 

1406 

1425 

1444 

1463 

1482 

1501 

1521 

1541 

1560 

1580 

12 

1600 

1620 

1640 

1661 

1681 

1701 

1722 

1743 

1764 

1785 

13 

1806 

1827 

1848 

1869 

1891 

1913 

1934 

1956 

1978 

2000 

14 

2022 

2045 

2067 

2089 

2112 

2135 

2158 

2181 

2204 

2227 

15 

2250 

2273 

2-297 

2321 

2344 

2368 

2392 

2416 

2440 

2465 

16 

2489 

2613 

2538 

2563 

2588 

2613 

2638 

2663 

2688 

2713 

17 

2739 

2765 

2790 

2816 

2842 

2868 

2894 

2921 

2947 

2973 

18 

3000 

3027 

3064 

3081 

3108 

3135 

3162 

3189 

3217 

3245 

19 

3272 

3300 

3328 

3356 

3384 

3413 

3441 

3469 

3498 

3527 

20 

3556 

3585 

3614 

3643 

3672 

3701 

3731 

3761 

3790 

3820 

21 

3850 

3880 

3910 

3941 

3971 

4001 

4032 

4063 

4094 

4125 

22 

4156 

4187 

4218 

4249 

4281 

4313 

4344 

4376 

4408 

4440 

23 

4472 

4505 

4537 

4569 

4602 

4635 

4668 

4701 

4734 

4767 

24 

4800 

4833 

4867 

4901 

4934 

4968 

5002 

6036 

5070 

5105 

25 

5139 

5173 

5208 

6243 

5278 

6ol3 

5348 

5383 

5418 

5453 

26 

5489 

5525 

5560 

5596 

5632 

5668 

5704 

5741 

5777 

5813 

27 

5850 

5887 

5924 

6961 

5998 

6035 

6072 

6109 

6147 

6186 

28 

6222 

6260 

6298 

6336 

6374 

6413 

6451 

6489 

6528 

6667 

29 

6606 

6645 

6684 

6723 

6762 

6801 

6841 

6881 

6920 

6960 

30 

7000 

7040 

7080 

7121 

7161 

7201 

7242 

7283 

7324 

7366 

31 

7406 

7447 

7488 

7529 

7571 

7613 

7654 

7696 

7738 

7780 

32 

7822 

7865 

7907 

7949 

7992 

8035 

8078 

8121 

8164 

8207 

33 

8250 

8293 

8337 

8381 

S424 

8468 

8512 

8556 

8600 

8646 

34 

8689 

8733 

8778 

8823 

8S68 

8913 

8958 

9003 

9048 

9093 

36 

9139 

9185 

9230 

9276 

9322 

9368 

9414 

9461 

9507 

9563 

36 

9600 

9647 

9694 

9741 

9788 

9836 

9882 

9929 

9977 

10025 

37 

10072 

10120 

10168 

10216 

10264 

10313 

10361 

10409 

10458 

10507 

38 

10556 

10606 

10654 

10703 

10752 

10801 

10851 

10901 

10950 

11000 

39 

11050 

11100 

11150 

11200 

11251 

11301 

11352 

11403 

11454 

11506 

40 

11556 

11607 

11658 

11709 

11761 

11813 

11864 

11916 

119&S 

12020 

41 

12072 

12126 

12177 

122^9 

12282 

12335 

12388 

12441 

12494 

12547 

42 

12600 

12653 

12707 

12761 

12814 

12868 

12922 

12976 

13030 

13085 

43 

13139 

13193 

13248 

13303 

13358 

13413 

13468 

13523 

13578 

13633 

44 

13689 

13745 

13800 

13856 

13912 

13968 

14024 

140S1 

14137 

14193 

45 

14250 

14307 

14364 

14421 

14478 

14535 

14592 

14649 

14707 

14765 

46 

14822 

14880 

14938 

14996 

15054 

15113 

15171 

15229 

15288 

15347 

47 

15406 

15465 

15524 

15583 

15642 

15701 

15761 

15821 

15880 

15940 

48 

16000 

16060 

16120 

16181 

16241 

16301 

16362 

16423 

16484 

16645 

49 

1C606 

16667 

16728 

16789 

16851 

16913 

16974 

17036 

17098 

17160 

50 

17222 

17285 

17347 

17409 

17472 

17535 

17598 

17661 

17724 

17787 

51 

17850 

17913 

17977 

18041 

18104 

IS  168 

18232 

18296 

18360 

18425 

52 

18489 

18553 

18618 

18683 

18748 

18813 

18878 

18943 

19008 

19073 

63 

19139 

19205 

19270 

19336 

19402 

19468 

1^534 

19601 

19667 

19733 

54 

19800 

19867 

19934 

2000O 

200(38 

20135 

20202 

20269 

20337 

20405 

55 

20472 

20540 

?0608 

20676 

20744 

20813 

20881 

20949 

21018 

21087 

66 

21156 

21225 

21294 

21363 

21432 

21501 

21571 

21641 

21710 

21780 

67 

21850 

21920 

21990 

22061 

22131 

22201 

22272 

22343 

22414 

22485 

5S 

22556 

22627 

^2698 

22769 

22841 

22913 

22984 

23056 

23128 

23200 

69   23272  1 

2^345 

23417 

23489 

23562 

23635 

23708 

23781 

23854 

23927 

60   24000  I 

24(173   24147  124221  1 

^4294 

24368 

24442 

24616 

^M 

24665 

For  contlDaaHoa  t»  100  Arab  imy»  see  I 
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Table  5.     I^evel  CntttngtL 

Soadvay  28  feet  wide,  side-fllopes  1  to  1. 
For  donble-traok  exoavation. 


^pth 

la  Ft. 

.0 

.1 

.2  . 

.3 

,4 

.6 

.6 

.7 

.8 

.» 

Ca.Td*. 

Co.Ydi. 

Ca.Yda. 

Ca.Yda. 

Ca.YdB. 

Ca.YdB. 

Co.  Yd*. 

Cu.YdB. 

Ca.YdB. 

Ca.Yd*. 

0 

10.4 

20.9 

31.4 

42.1 

62.8 

63.6 

74.4 

85.3 

96.3 

1 

107.4 

118.6 

129.8 

Ul.l 

152.4 

163.9 

175.4 

187.0 

198.7 

210.4 

.  2 

222.2 

234.1 

246.1 

258.1 

270.2 

282.4 

204.7 

307.0 

319.4 

331.9 

3 

344.4 

357.1 

369.8 

382.6 

395.4 

408.3 

421.3 

4:i4.4 

447.6 

460.8 

4 

474.1 

487.4 

500.9 

514.4 

528.0 

641.7 

555.4 

569.2 

583.1 

5971 

6 

611.1 

625.2 

639.4 

653.7 

668.0 

682.4 

696.9 

711.4 

726.1 

740.8 

6 

755.6 

770.4 

785.4 

800.4 

815.5 

830.6 

845.8 

861.1 

876.5 

891.9 

'  7 

907.5 

923.0 

938.7 

954.6 

970.3 

986.2 

1002 

1018 

1034 

1050 

8 

1067 

1083 

1099 

1116 

1132 

1149 

1166 

1182 

1199 

1216 

9 

1233 

1250 

1267 

1285 

1302 

1319 

1337 

1364 

1372 

1390 

10 

1407 

1425 

1443 

1461 

1479 

1497 

1515 

1534 

1552 

1570 

11 

1589 

1607 

1626 

1645 

1664 

1682 

1701 

1720 

1739 

1759 

12 

1778 

1797 

1816 

1836 

1855 

1875 

1895 

1914 

1934 

1954 

13 

1974 

1994 

2014 

2034 

2055 

2075 

2095 

2116 

2136 

2167 

14 

2178 

2199 

2219 

2240 

2261 

2282 

2304 

2325 

2346 

2367 

15 

2389 

2410 

2432 

2454 

2475 

2497 

2519 

2541 

2563 

2585 

16 

2607 

2630 

2652 

2674 

2697 

2719 

2742 

2765 

2788 

2810 

17 

2833 

2856 

2879 

2903 

2926 

2949 

2972 

2996 

3019 

3043 

18 

3067 

3090 

3114 

3138 

3162 

3186 

3210 

3234 

3259 

3283 

19 

3307 

3332 

3356 

3381 

3406 

3431 

3455 

3480 

3505 

3530 

20 

3556 

3581 

3606 

3631 

3657 

3682 

3708 

3734 

3759 

3785 

21 

3811 

3837 

3863 

3889 

3915 

3942 

3968 

3994 

4021 

4047 

22 

4074 

4101 

4128 

4154 

4181 

4208 

4235 

4263 

4290 

4317 

23 

4344 

4372 

4399 

4427 

4455 

4482 

4510 

4538 

4566 

4594 

24 

4622 

4650 

4679 

4707 

4735 

4704 

4792 

4821 

4850 

4879 

25 

4907 

4936 

4965 

4994 

5024 

5053 

5082 

5111 

5141 

6170 

26 

5200 

5230 

5259 

5289 

5319 

5349 

5379 

5409 

5439 

5470 

27 

5500 

5530 

5561 

5591 

5622 

5653 

5684 

5714 

5745 

6776 

28 

5807 

5839 

5870 

5901 

5932 

5964 

5995 

6027 

6059 

6090 

29 

6122 

6154 

6186 

6218 

6250 

6282 

6315 

6347 

6:^79 

6412 

80 

6444 

6477 

6310 

6543 

6575 

6608 

6641 

6674 

6708 

6741 

31 

6774 

^07 

6841 

6874 

6908 

6942 

6975 

7009 

7043 

7077 

32 

7111 

7145 

7179 

7214 

7248 

7282 

7317 

7351 

73S6 

7421 

33 

7456 

7490 

7525 

7560 

7595 

7631 

7666 

7701 

7736 

7772 

34 

7807 

7843 

7879 

7914 

7950 

7986 

8022 

8058 

8094 

8130 

35 

8167 

8203 

8239 

8276 

8312 

8349 

8386 

8423 

8459 

8496 

36 

8533 

8570 

8608 

8645 

8682 

8719 

8757 

8794 

8S32 

8870 

37 

8907 

8945 

8983 

9021 

9059 

9097 

9135 

9174 

9212 

9250 

3S 

9289 

9327 

9366 

9405 

9444 

9482 

9521 

95G0 

9599 

9639 

39 

9678 

9717 

9756 

9796 

9835 

9875 

9915 

9954 

9994 

10034 

40 

i(>074 

10114 

10154 

10194 

10235 

10275 

10315 

10356 

ia396 

10437 

41 

10478 

10519 

10559 

10600 

10641 

10682 

10724 

10765 

10S06 

10847 

42 

10889 

10930 

10972 

11014 

11055 

11097 

11139 

11181 

11223 

11265 

43 

11307 

113.50 

11392 

11434 

U477 

11519 

11562 

11605 

11648 

11690 

44 

11733 

11776 

11819 

11S63 

11906 

119(9 

11992 

12036 

12079 

12123 

45 

13167 

12210 

12254 

12298 

12342 

123S6 

12430 

12474 

12519 

12563 

46 

12607 

12652 

12696 

12741 

12786 

12831 

12875 

12920 

12965 

13010 

47 

13056 

13101 

13146 

13191 

13237 

132S2 

13328 

13374 

13419 

13465 

48 

135U 

13537 

13603 

13649 

13695 

13742 

13788 

138^ 

13881 

13927 

49 

13974 

14021 

14068 

14114 

14161 

14208 

14255 

143a3 

14350 

14397 

60 

14444 

14492 

14539 

14587 

14635 

14682 

14730 

U778 

14826 

14874 

ftl 

14922 

14970 

15019 

15067 

15115 

15164 

15212 

15261 

15310 

15359 

62 

15407 

15456 

15505 

150.54 

15604 

15653 

15702 

15751 

15801 

15R.50 

53 

15900 

15950 

15999 

16049 

16099 

16149 

16190 

16249 

U'299 

16350 

54 

16400 

16450 

16501 

16551 

16602 

16653 

16704 

16754 

16805 

16S56 

66 

16907 

16959 

17010 

17061 

17112 

17164 

17215 

17267 

17319 

17370 

56 

17422 

17474 

17526 

175:8 

17630 

17682 

17735 

17787 

i7s;w 

17892 

67 

17944 

17997 

18050 

18103 

1S155 

18208 

18261 

18314 

ls;{G8 

18421 

58 

18474 

18527 

18581 

186:i4 

1S6S8 

18742 

18795 

18849 

1 8903 

18957 

69 

19011 

19065 

19119 

19174 

19228 

192S2 

19.337 

19391 

19446 

19501 

60 

19556 

19610 

19665 

1971^0 

19775 

10831 

198S6  . 

^941 

nm6 

20052 

¥ 

or  cont 

[niiatioi] 

to  100 

feet..e^e 

%«' 

pOOf 

^^^__ 
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Table  6.     lievel  Cuttlnipk 

Boadway  28  ft  wide,  side-slopee  1^^  to  L 
For  doable-trade  exoavatlGih 


Depth 
in  Ft. 

.0 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.9 

Cu.YdB. 

Ca.Ycla. 

Ou.Yd«. 

Cu.Td«. 

Cu.Yds. 

Cu.Yda. 

Cu.YdB. 

Cu.Yd*. 

Cu.Tdi. 

Cu.Yd*. 

U 

10.4 

21.0 

31.6 

42.4 

63.2 

64.2 

75.3 

86.5 

97.9 

1 

109.3 

120.8 

132.5 

144.3 

156.1 

168.1 

180.2 

192.4 

204.8 

217.2 

2 

229.6 

242.3 

265.0 

267.9 

280.9 

294.0 

307.2 

320.5 

334.0 

347.6 

3 

361.2 

374.9 

388.8 

402.8 

416.9 

431.1 

445.4 

459.9 

474.4 

489.1 

4 

603.7 

618.6 

633.6 

548.6 

563.9 

679.3 

694.7 

610.2 

626.8 

"641.6 

6 

657.5 

673.4 

689.5 

706.7 

722.1 

738.5 

765  0 

771.7 

788.4 

806.3 

6 

822.2 

839.3 

856.5 

873.8 

891.2 

908.8 

926.4 

944.2 

962.0 

980i) 

7 

998.1 

1016 

1036 

1053 

1072 

1090 

1109 

1128 

1147 

1169 

8 

1185 

1204 

1224 

1243 

1263 

1283 

1303 

1322 

1343 

1363 

9 

1383 

1403 

1424 

1445 

1465 

1486 

1507 

1628 

1549 

1671 

10 

1592 

1614 

1636 

1657 

1679 

1701 

1723 

1745 

1767 

1790 

11 

1812 

1836 

1858 

1881 

1904 

1927 

1960 

1973 

1997 

2020 

12 

2044 

2068 

2092 

2116 

2140 

2164 

2189 

2213 

2238 

2262 

13 

2287 

2312 

2337 

2362 

2387 

2413 

2438 

2464 

2489 

2616 

U 

2641 

2567 

2593 

2619 

2616 

2672 

2698 

2726 

2752 

2779 

15 

2806 

2833 

2860 

2887 

2916 

2942 

2970 

2997 

3025 

3063 

16 

3081 

3109 

3138 

3166 

3196 

3223 

3262 

3281 

3310 

8339 

17 

3368 

3397 

3427 

3466 

3486 

3616 

3646 

3576 

3606 

3636 

18 

3667 

3697 

3728 

3768 

3789 

3820 

3861 

3882 

3913 

3944 

19 

3976 

4007 

4039 

4070 

4102 

4134 

4166 

4198 

4231 

4263 

ao 

4296 

4328 

4361 

4394 

4427 

4460 

4493 

4627 

4560 

4694 

21 

4627 

4661 

4696 

4729 

4763 

4797 

4832 

4866 

4900 

4936 

22 

4970 

5005 

6040 

6076 

6111 

6146 

5181 

6217 

6263 

6288 

23 

5324 

5360 

5396 

6432 

5469 

6605 

5542 

5578 

6615 

5652 

24 

6689 

6726 

5763 

6800 

5838 

5876 

5913 

6951 

6989 

6027 

25 

6065 

6103 

6141 

6179 

6218 

6257 

6296 

6334 

6373 

6412 

26 

6461 

6491 

6630 

6570 

6609 

6649 

6689 

6729 

6760 

6809 

27 

6860 

6890 

6931 

6971 

7012 

7063 

7094 

7136 

7176 

7217 

28 

7259 

7300 

7342 

7384 

7426 

7468 

7610 

7552 

7694 

7637 

29 

7680 

7722 

7765 

7808 

7851 

7894 

7937 

7981 

8024 

8067 

30 

8111 

8166 

8199 

8243 

8287 

8331 

8376 

8420 

8464 

8509 

31 

8654 

8598 

8643 

8688 

8734 

8779 

8824 

8870 

8916 

8961 

S2 

9007 

9053 

9099 

9146 

9191 

9238 

9284 

9331 

9378 

9426 

33 

9472 

9619 

9566 

9613 

9661 

9708 

9766 

9804 

9851 

990O 

34 

9948 

9997 

10045 

10093 

10142 

10190 

10239 

10288 

10337 

10386 

36 

10435 

10484 

10634 

10583 

10633 

10683 

10732 

10782 

10832 

10882 

36 

10933 

10983 

11034 

11084 

11135 

11186 

11237 

11288 

11339 

11391 

37 

11443 

11494 

11546 

11598 

11649 

11701 

11753 

11806 

11868 

11910 

38 

11963 

12016 

12068 

12121 

12174 

12227 

12281 

12334 

12387 

12441 

39 

12494 

12548 

12602 

12656 

12710 

12764 

12819 

12873 

12928 

12982 

40 

13037 

13092 

13147 

13202 

13257 

13312 

13368 

Ki423 

13479 

13536 

41 

13691 

13647 

13703 

13759 

13816 

13872 

13928 

13986 

14042 

14099 

42 

14156 

14213 

14270 

14327 

14385 

14442 

14600 

14668 

14616 

14673 

43 

14731 

14790 

14848 

14906 

14966 

16024 

16082 

15141 

15200 

15269 

44 

15318 

15378 

15437 

15497 

15656 

15616 

15676 

15736 

15796 

16856 

45 

15917 

15977 

16038 

16098 

16159 

16220 

16281 

16:^42 

16403 

164€6 

46 

16626 

16587 

16649 

16711 

16773 

16835 

16897 

16959 

17021 

17084 

47 

17146 

17209 

17272 

17335 

17398 

17461 

17624 

17587 

17651 

17714 

48 

17778 

17842 

17906 

17969 

18033 

18098 

18162 

18226 

18291 

18356 

49 

18420 

18486 

18560 

18616 

18680 

18746 

18811 

18877 

18942 

19008 

60 

19074 

19140 

19206 

19272 

19339 

19405 

19472 

19538 

10605 

19672 

61' 

19739 

19806 

19873 

19940 

20008 

20076 

20143 

20211 

20279 

20347 

62 

20416 

20483 

20551 

20620 

20688 

20757 

20826 

20894 

20063 

21032 

63 

21102 

21171 

212-11 

21310 

213S0 

21450 

21619 

21589 

21659 

21730 

64 

21800 

21870 

21941 

22012 

22082 

22153 

22224 

22295 

22366 

22438 

66 

22609 

22581 

22662 

22724 

22796 

22868 

22940 

23012 

23085 

23167 

56 

23230 

23302 

23375 

23448 

23521 

23694 

23667 

23741 

23814 

23888 

67 

23961 

?4035 

24109 

24183 

24257 

24331 

24405 

24480 

24554 

24629 

58 

24704 

24779 

24854 

24929 

25004 

25079 

25155 

25230 

25306 

26381 

59 

25457 

26533 

25609 

25686 

25762 

25838 

25915 

25992 

26068 

26146 

60 

26222 

26299 

26376 

26454 

26531 

26609 

26686 

26764 

26842 

26920 

For  continiiation  to  200  feet,  see  Table  TibyLjOOgle 
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Tftble  7.     IieTel  Cattiiiffs. 

OMtla«atiM  or  tiM  alx  fbregoinf  TatriM  of  CaUo  OontMitt,  to  100  Im*  of  hotghft  f 


Height 
or  Depth 

Table 

Taole 

Table 

Table 

Table 

TaUe 

in  Foot. 

1 

» 

S 

4 

5 

6 

Co.  Ydi. 

Oa.Tda. 

Co.  Yds. 

Co.Tdfc 

Oa.T<U. 

Co.  Ydfc 

61 

23835 

26094 

17848 

24780 

20107 

26998 

.6 

24201 

26479 

18108 

26118 

20386 

27390 

«2 

24570 

26867 

18370 

25480 

20667 

27785 

..5 

24042 

27257 

18634 

25868 

20949 

28183 

63 

25317 

27650 

18900 

26250 

21233 

28583 

.6 

25694 

28046 

19168 

26685 

21519 

28986 

64 

26074 

28444 

19437 

27022 

21807 

29393 

A 

26457 

28846 

10708 

27418 

22097 

29801 

65 

26843 

29250 

19981 

27806 

22389 

30213 

A 

27231 

29657 

20256 

28201 

22682 

30627 

66 

27623 

30067 

20533 

28600 

22978 

81044 

.5 

28016 

30479 

20812 

29001 

23275 

81464 

67 

28413 

30894 

21093 

29406 

23574 

31887 

.5 

28812 

31313 

21376 

20813 

23875 

82312 

68 

20215 

31733 

21650 

30222 

24178 

82741 

.5 

f  2^20 

32157 

21046 

30685 

24482 

83172 

69 

30028 

32583 

22233 

81050 

24780 

83605 

.5 

30438 

83013 

22528 

31468 

25097 

34042 

70 

30852 

33444 

22814 

81880 

25407 

84481 

.5 

31268 

33879 

23108 

83813 

25no 

84024 

71 

31687 

34317 

23404 

82780 

26083 

86360 

.5 

32108 

34767 

23701 

83168 

26340 

85816 

72 

32533 

35200 

24000 

33600 

26667 

86267 

.5 

32060 

35646 

24301 

84035 

26966 

86720 

78 

83300 

36094 

24604 

84472 

27307 

87176 

.5 

33823 

36546 

24007 

84013 

27681 

87636 

74 

34250 

37000 

26214 

86366 

27066 

88006 

.5 

34607 

87457 

26522 

36801 

28282 

88561 

76 

35139 

37917 

26832 

36250 

28611 

30028 

.5 

35582 

38379 

26144 

86701 

28042 

80498 

76 

36029 

38844 

26468 

37156 

29174 

89970 

.6 

36470 

89313 

26774 

87613 

29608 

40446 

77 

36031 

39783 

27002 

88072 

29944 

40924 

.6 

af7386 

40257 

27411 

88585 

80282 

41406 

78 

37844 

40733 

27733 

89000 

80622 

41880 

.6 

38305 

41213 

28056 

89468 

80964 

42876 

70 

38768 

41694 

28381 

39080 

81307 

42866 

A 

39235 

42179 

28708 

40413 

81653 

48857  . 

80 

30704 

42667- 

29at7 

40880 

82000 

43862 

81 

40650 

43650 

20700 

41850 

82700 

44850 

82 

41607 

44644 

30370 

42822 

83407 

45850 

83 

42576 

45650 

31048 

43S06 

84122 

46880 

84 

43555 

46667 

81733 

44800 

84844 

47911 

IS 

44546 

47604 

82426 

40806 

35674 

48964 

45648 

48788 

83126 

46622 

88311 

60008 

87 

46561 

49783 

33838 

47850 

87056 

61072 

88 

47585 

50844 

34648 

48880 

87807 

62148 

80 

48620 

51917 

86270 

40089 

88567 

63236 

00 

49667 

63000 

86000 

61000 

39333 

54333 

01 

50724 

54094 

86787 

62072 

40107 

65443 

02 

51793 

65200 

87481 

63156 

40889 

66563 

03 

52872 

66317 

38233 

64260 

41678 

57694 

04 

53963 

67444 

38093 

66356 

42474 

58837 

05 

55066 

68583 

80750 

66472 

43278 

59990 

06 

56178 

59733 

40533 

67600 

44089 

61155 

07 

57302 

60894 

41315 

68730 

44907 

62331 

08 

58437 

62067 

42104 

59889 

45733 

63518 

00 

59563 

63250 

42900 

'   61050 

46567 

64716 

100 

60741 

64444 

43704 

47407 

65026 

igitized  by 
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Table  S, 

Of  Cable  Tarda  In  a  100-foot  station  of  level  cutting  or  filling,  to  be  added  to,  or  sub* 
traoted  from,  the  quantitieH  in  the  preceding  seven  tablet,  in  oaae  the  < 
tlon*  or  embankments  should  be  increased  or  diminished  2  feet  in  wMtli. 


. 

Cable  Yard*  in  a 

Height  or 

Oabto 

"llKih"' 

Oablo 

Hrtjjt^* 

Oobio 

Height  or 

Oabio 

Height  or 

Cnble 

Yards. 

in^MU 

YvrdM. 

in^92L 

Yard*. 

in  Feet. 

Ta«U. 

Depth 
in  Feet. 

Yards. 

Depth 
in  Feet. 

.5 

8.70 

.5 

162 

.5 

800 

.6 

448 

.6 

696 

1 

7.U 

21 

166 

41 

804 

61 

452 

81 

600 

.6 

11.1 

.6 

169 

.6 

807 

.5 

466 

.6 

604 

2 

14.8 

22 

163 

42 

811 

62 

459 

82 

•  607 

.6 

18.5 

.5 

167 

.   .6 

816 

.5 

463 

.6 

611 

8 

22.2 

23 

170 

43 

819 

63 

467 

83 

6U 

Ji 

26.9 

.5 

174 

.6 

822 

.6 

470 

.6 

619 

4 

29.6 

24 

178 

44 

826 

64 

474 

84 

622 

M 

83.3 

.6 

181 

A 

830 

.6 

478 

.6 

626 

6 

87.0 

25 

185 

45 

333 

65 

481 

86 

630 

JS 

40.7 

.5 

189 

.6 

337 

.6 

486 

.6 

638 

6 

44.4 

26 

193 

46 

841 

66 

489 

86 

687 

.6 

48.1 

.6 

196 

.5 

844 

.6 

493 

Jb 

641 

7 

61.9 

27 

200 

47 

848 

67 

406 

87 

644 

■   ^ 

65.6 

.6 

204 

.5 

852 

A 

600 

w  •* 

648 

8 

69.3 

28 

207 

48 

856 

68 

604 

^ 

662 

^ 

63.0 

.5 

211 

.6 

859 

.5 

607 

.6 

666 

0 

66.7 

29 

215 

49 

868 

69 

611 

89 

669 

Ji 

70.4 

.6 

219 

.6 

307 

.6 

615 

.6 

668 

10 

741 

80 

222 

60 

370 

70 

619 

00 

667 

.6 

77.8 

.6 

226 

.5 

374 

A 

622 

.6 

670 

11 

81.6 

81 

230 

61 

878 

71 

626 

91 

674 

.6 

85  2 

.5 

233 

A 

881 

.6 

530 

.6 

678 

12 

S8.9 

82 

237 

62 

886 

72 

638 

02 

681 

^ 

92.6 

.6 

241 

.5 

889 

A 

637 

.6 

685 

13 

96.3 

88 

244 

63 

893 

73 

641 

98 

689 

.6 

100 

.6 

248 

.6 

896 

Jb 

644 

.6 

693 

14 

104 

84 

252 

54 

400 

74 

648 

94 

696 

Ji 

107 

.6 

256 

.5 

404 

Jb, 

652 

.6 

700 

16 

111 

85 

269 

65 

407 

75 

666 

95 

704 

A 

116 

.6 

263 

.6 

411 

A 

669 

.6 

707 

16 

119 

86 

267 

66 

.  416 

76 

663 

96 

711 

Jt 

122 

.6 

270 

.6 

419 

.6 

667 

.6 

716 

17 

126 

87 

274 

67 

422 

77 

670 

97 

719 

^ 

130 

.6 

278 

.6 

426 

.6 

674 

.6 

722 

18 

133 

88 

281 

68 

430 

78 

678 

98 

726 

A 

187 

.6 

286 

.6 

433 

.6 

681 

.5 

730 

19 

141 

89 

289 

69 

437 

79 

•  685 

99 

733 

^ 

144 

.5 

293 

A 

441 

.6 

689 

.6 

737 

20 

148 

40 

296 

60 

444 

.80 

593 

100 

741 

BaxARK.  The  forevoiiiir  tobies  of  level  enttinse  tnnw  also  be 
used  for  wldttis  of  roadway  neater  than  those  at  the  heads 
of  the  tobies.  Thus,  suppose  we  mix  to  use  Table  1,  for  a  roadbed  m  n,  16  ft 
wide,  instead  of  c  ft,  which  is  only  14  ft,  and  for  which  the  table  was  calculated.  It 
is  only  necessary  first  to  find  the  vert  dist  i  a,  between  these  two  roadbeds ;  and  to 
ftdd  it  nuntaUy  to  each  height  t  «^  of  the  given  embkt,  when  taking  out  flrom  thtt 
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table  the  nomben  of  cub  yds  oorresponding  to  the  heights.  By  this  means  we  obtala 
the  coatencs  of  the  embkt  c  b  op,  for  any  required  diet.  Next,  from  these  contents 
subtract  that  corresponding  to  the  height  i  a,  for  the  same  dist.  The  remainder  will 
plainly  be  the  embkt  mnop. 

In  practice  it  win  be  satieiAitijr  correct  to  take  «a  to  the  nearest  tenth  of  a 
foot,  which  will  sare  trouble  in  aoding  it  mentally  to  the  heights  in  the  tables. 

If  tlie  roadbed  Is  narrower  than  the  table,  as,  for  instance,  if  tnn  be 
the  width  iu  the  table,  but  we  wish  to  iind  the  contents  for  the  width  c  6,  then 
'first  find  « a,  and  calculate  the  cubic  yards  in  100  feet  length  o(  cbmn.  Then, 
In  taking  out  the  cubic  yards  firom  the  table^  first  subtract « a  mentally  from 
each  height ;  and  to  the  cubic  yards  taken  out  for  each  100  feet,  opposite  this 
reduced  height,  add  the  cubic  yards  in  100  feet  of  ebmn. 

To  avoid  trouble  witb  €)ontrae(ors  about  the  measurement  of  rock 
cuts,  stipulate  in  the  contract,  either  that  it  shall  conform  with  the  theoretical 
cross  section ;  or  that  an  extra  allowance  of  say  about  2  feet  of  width  of  out 
will  be  made,  to  coyer  the  unavoidable  irregularities  of  the  sides. 

Sbrlnkaye  of  Embankment.  Although  earth,  when  first  dug,  and 
loosely  thrown  out,  tweli*  about  \  part,  so  that  a  cubic  yard  in  place  averages 
about  1}  or  1.2  cubic  yards  when  dug:  or  1  cubic  yard  dug  is  equal  to  |,  or  to 
.8333  of  a  cubic  yard  in  place ;  yet  when  made  into  embankment  it  gradually 
subsides,  settles,  or  shrinks,  into  a  less  bulk  than  it  occupied  befi)re  being  dug. 

The  following  are  approximate  averages  of  the  shrinkage;  or,  in  other  words, 
the  earth  measured  in  place  in  a  cut,  wfll,  when  made  into  embankment,  occupy 
a  bulk  less  than  before  oy  about  the  following  proportions: 

Gravel  or  sand.* about  8  per  ct;  or  1  in  12^  less. 

Clay "      10  per  ct;  or  1  in  10     less. 

Loam **     12  per  ct ;  or  1  in   ^less. 

Loose  vegetable  surface  soil.....    "      15  per  ct;  or  1  iu   ^  less. 
Puddled  clay "     25  per  ct ;  or  1  in   4     less. 

The  writer  thinks,  from  some  trials  of  his  own,  that  1  cubic  3rard  of  any  bard 
rock  in  place,  will  make  from  1^  to  1%  cubic  yards  of  embankment;  say  on  an 
average  1.7  cubic  yards.  Or  tnat  1  cubic  yard  of  rock  embankment  requires 
.6883  of  a  cnbio  yard  in  place.  He  found  that  a  solid  cnbic  yard  when  broken 
into  fragments,  made  about  as  follows 


Cnbic 
yards. 

In  loose  heap 1.9 

<:arele88ly  piled 1.75 

Carefully  piled. 1.6 

Bubble,  very  carelessly  scabbled 1.5 

Bubble,  somewhat  carefully  scabbled...»    1.25 


Of  which  there  were 


Solid 
52.6  per  cent. 

67  •♦ 

68  •• 
67  •• 
80          «' 


Voids 
47.4  per  cent* 
43        " 
87        •• 
83        •• 
20        *« 
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th«  proper  dlstribatlon  of  hit  foroei,  keeping  bis  roadt  in  order.  hiTing  bis  oarts  and  b«r« 
filled,  Ao,  to.  Uooommonlj  long  splrila  of  wet  weather  may  serioaslj  affeot  the  coat  of  eze- 
tbwork,  by  making  It  more  dlffleolt  te  loosen,  load,  or  empty ;  beeides  keeping  the  roads  Ui 
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COST  OF  EABTHWOBK. 

Art*  1*  It  is  adrisable  to  pay  for  this  Und  of  work  by  the  onMe  yard  of  sawaeoifon  ealy j  It^ 
stead  of  allowing  separate  prioes  for  ezoaration  and  embankment.  By  this  means  we  get  rid  of  tk« 
diffionl^  of  measurements,  as  well  as  the  oontrorersies  and  lawsntts  which  often  attend  the  deter* 
minailon  of  the  allowanoe  to  be  made  for  the  settlement  or  subsldenoe  of  the  embankments. 

It  is,  moreover,  oar  opinipn  that  Jastloe  to  the  contractor  shonld  lead  to  the  En§^llsll  pFAC* 

tlce  of  payinfT  tne  laborers  by  the  cubic  yard,  instead  of  by  the  day. 

■zperience  Tally  proves  that  when  laborers  are  searoe  and  wages  high,  men  can  scarcely  be  depended 
■pon  to  do  three'fonrths  of  the  work  which  they  readily  aoeompUsh  when  wages  are  low,  and  when 
f^esh  hands  are  waiting  to  be  hired  in  ease  any  are  discharged.  The  contractor  is  thus  placed  at  the 
nercy  of  his  men.  The  writer  has  known  the  most  satisfactory  resnlts  to  attend  a  system  of  task« 
work,  acoompanled  by  liberal  premiams  for  all  oTcrwork.  By  this  means  the  interests  of  the  laborer* 
are  identified  with  that  of  the  contractor ;  and  every  man  takes  care  that  the  ethers  shall  do  their 
Calr  share  of  the  task. 

Bllwood  Morris,  C  B,  of  Philadelphia,  was,  we  taeUeve,  the  first  persoo  who  properly  iBvestigaUd 
ttie  elements  of  cost  of  earthwork,  and  reduced  them  to  such  a  form  as  to  enable  as  to  calcolata  the 
total  with  a  considerable  degree  of  accuracy.  He  published  his  results  in  the  Journal  of  the  PrankllB 
Institute  in  1841.  His  paper  forms  the  b|»is  on  which,  with  some  variations,  we  shall  eonsider  the 
matter :  and  on  which  we  shall  extend  it  to  wbeelbarrews,  as  well  as  to  oarts.  Throughout  this  paper 
we  speak  of  a  cubic  yard  considered  only  as  solid  in  it*  place,  or  before  it  is  loosened  for  removaL  It 
is  scarcely  necessary  to  add  that  the  various  items  can  of  oourse  only  be  regarded  as  tolerably  eleee 
approximations,  or  averages.  As  before  stated,  the  men  do  less  work  when  wages  are  high ;  and  more 
when  they  are  low.  A  great  deal  besidee  depends  on  the  skill,  observation,  and  energy  of  the  eoa- 
tractor  and  his  superintendents.  It  is  no  unusual  thing  to  see  two  oonfrMtors  working  at  the  saBsa 
prices,  in  precisely  similar  material,  where  one  is  making  money,  and  Me  other  losing  it,  tnun  a  want 
of  tact  in  the  proper  distribution  of  his  forces,  keeping  his  roads  in  order,  having  bis  carts  and  bar* 
rows  well  fiUed,  Ac  "       -  .....  i      .      _       . 

euting  earthwork,  t, 
bad  order  for  hauling. 

The  aggregate  cost  of  excavating  and  removing  earth  is  made  ap  by  the  following  items,  namely: 
1st.  LtmetUmg  tht  tarth  rtaai  for  the  thovdUri, 
ad.    LoaeUng  it  by  »kovtl$  into  the  eart*  or  barrowt. 
8d.    ffauUng,  or  whttUng  it  awaf,  including  onmtifing  and  rttwming. 
4th.  l^freadXng  it  out  into  suceessivs  layer*  on  th*  emhankmont. 

5th.  Eeoptng  M«  haultng-road/or  earto,  or  tho  plank  gangwi^for  hmrmH,  i»  f—d  ordtr. 
0th.  ITeor,  $harp«ning,  dopreeiation,  and  intmrott  oh  cost  o/leols. 
7th.  SupoHntondenco,  and  wator-oairritrt, 
8th.  iV^  10  f *«  oofOroetor. 

We  will  consider  these  items  a  little  in  detail,  t>aslng  oar  calculations  on  the  assamptlon  that  eons, 
non  labor  coste  $1  per  day.  of  10  working  hours.  The  resulte  in  onr  tables  must  therefore  be  In* 
jreased  or  diminished  in  about  the  same  proportion  as  common  labor  ooste  more  or  less  than  this. 

Art.  2.    lioosenlnir  tbe  eartli  ready  for  tbe  shOTellers.  Thi*  i* 

9*nerally  done  either  by  ploughs  or  by  picks ;  more  cheaply  by  the  first.  A  plough  with  two  horse*, 
and  two  men  to  manage  them,  at  $1  per  day  for  labor.  75  cente  per  dav  for  each  horse,  and  87  omt* 
per  day  for  plough,  including  harness,  wear,  repairs.  Ac.  or  a  total  of  tS.et,  win  loosen,  of  strong 
Seavy  soils,  fh>m  300  to  300  cubic  yards  a  day,  at  trom  1.96  to  l.tf  osnte  per  yard;  er  of  ordinarv 
ioam,  fh>m  400  to  600  cubic  yards  a  day,  at  trom  .97  to  .64  of  a  cent  per  yard.  Therefbre,  as  an  ordf- 
nary  average,  we  may  assume  the  actual  cost  to  the  contractor  for  loosening  by  the  plough,  as  fsl* 
lows:  strong  heavy  soils.  1.6  cente ;  common  loam,  .8  cent;  light  sandy  soils,  .4  cent,  very  stifrpvr* 
clay,  or  obstinate  cemented  gravel,  may  be  set  down  at  14i  cente ;  they  require  three  or  four  horse*. 
By  the  pick,  a  fair  day's  work  is  about  14  yards  of  stiff  pure  clay,  or  of  oemented  gravel ;  35  yards 
•f  strong  heavy  soils;  40  yards  of  common  loam;  60  yards  of  light  sandy  soils— > all  measurad  in 
Idace;  which,  at  $1  per  day  for  labor,  gives,  for  stiff  day,  7  cente;  heavy  soils,  4 cente;  loam,  3.5 
oentK ;  light  nandy  soli,  1.666  cente.  Pure  sand  requires  bat  very  little  labor  for  loosening;  Jl  of  a 
cent  will  cover  it. 

Art.  8.    ShoTe11lii(p  the  loosened  eartb  Into  carts.  The  amount 

shovelled  per  dav  depends  partly  upon  the  weight  of  the  material,  but  more  apon  so  proportioning 
the  number  of  pickers  and  of  carte  to  that  of  shovellers,  as  not  to  keep  the  latter  waiting  for  either 
material  or  oaru.  In  fairly  regulated  gangs,  the  shovellers  Into  carte  are  not  actaally  engaged  In 
shovelling  for  more  than  six- tenths  of  their  time,  thus  being  unoccupied  but  four-tenths  of  it;  while, 
under  bad  management,  tbny  lose  oonsiderabiy  more  than  one-half  of  it.  A  shoveller  can  readily 
load  into  a  cart  one-third  of  a  cubic  yard  measured  in  place  (and  which  is  an  average  working  car^ 
load),  of  sandv  soil,  in  five  minutes ;  of  loam,  in  six  minutes :  and  of  any  of  the  heavv  soils,  in  seven 
minutes.  This  would  give,  for  a  day  of  10  working  hours,  130  loads,  or  40  cubic  yards  of  light  sandy 
soil ;  100  loads,  or  8.3  >i  onbie  yards  of  loam ;  or  86  loads,  or  38.7  yards  of  the  heavy  soils.  But  flroB 
these  amonnu  we  must  deduct  four-tenths  for  time  necessarily  lost;  thus  reducing  the  actual  wiwk* 
ing  qoantUies  to  34  yards  of  light  sandy  soil,  30  vards  of  loam,  17.3  yards  of  the  heavy  soils.  When 
the  shovellers  do  less  than  this,  there  is  some  mismanagement. 

Assuming  these  as  fair  quantities,  then,  at  $1  per  day  for  labor,  the  actual  eost  to  the  contraetor 
for  shovelling  per  cubic  yard  measured  in  place,  will  be,  for  sandy  soils,  4.167  cente ;  loam,  5  cente; 
heavy  soila,  clays.  Ac,  5.81  cente. 

In  praotiee,  the  carte  are  not  uimally  loaded  to  any  less  extent  with  the  heavier  soils  than  with  the 
lighter  ones.  Nor.  indeed,  is  there  anv  necessity  for  so  doing,  inasmuch  as  the  difl^nce  of  weight 
of  a  cart  and  one- third  of  a  -cubic  yard  of  the  various  soils  is  too  slight  to  need  sny  attention :  espe* 
UUy  when  the  carvroad  is  kept  in  good  order,  as  it  will  be  by  any  contractor  who  understands  nl* 
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owo  iBlerwI.  Ktlther  It  it  adoeuuy  to  modify  the  loud  on  aoooant  of  moj  $Hg1U  ineUnatUm$  wUek 
maj  oeoar  la  ttio  gndiof  of  rosda.    An  •artli*oart  w«4gbs  tj  ttoolf  atMNit  H  •  ton. 

Art.  4.    Haallny  away  tlie  earth  i  damping,  or  emptjrlnfr ; 

and  retumlnip  to  reload.  The  aTonce  ipeed  of  bona*  in  baaling  ia  aboat  t^  milaa 
per  bomr.  or  900  feet  per  miaato ;  wbich  ia  eaaal  to  100  feet  of  trip  eaofa  way ;  or  to  100  feet  of  Uad, 
aa  the  dlatanoe  to  wbiob  th«  Mrth  U  kamUd  ia  teohnioally  called.*  Beaidea  tbia,  there  ia  a  loaa  of 
aboat  four  mloatea  in  erery  trip,  whether  long  or  abort,  in  waiting  to  load,  damping,  turning.  Ao. 
Henoe,  ererj  trip  will  oooupy  aa  many  minniea  aa  there  are  lengtlia  of  100  feet  eaota  in  the  IcmuT;  and 
foor  minntea  beaide*.  Therefore,  to  find  the  number  of  tripe  per  day  otw  any  giren  arerage  lead,  we 
dlTide  tiM  number  of  minutes  in  a  working  day  br  the  sum  of  4  added  to  the  number  of  100  feei 
lengtha  eontained  in  the  diatanoe  to  whioh  the  earth  haa  to  be  removed ;  that  ia, 

Tk*  mimb*r  (000)  i^mtHUtM  im  •  working  dug  _  tk»  immkmr  9f  trip;  or  loadt 
4 <f<*«i»«M»6ero/100/ie<len9<*« <!!(*«  food  ~  rtm»Mdpor  dag, por  cart. 
AmA alnoe  Hot  % enbie yard  aaeaavred  befbre  being  looeened,  makea  an  aTerage  oart-load,  the  nnm- 
ber  of  loada,  divided  by  8,  will  give  the  number  of  ouMe  yarda  removed  per  day  by  each  cart;  and 
the  osbiA  yarda  divided  tola  the  total  expenaa  «r  %  eart  per  day,  will  give  the  eoet  per  onbio  yard  for 
hauling. 
Rbmabx.    Whao  removing  looee  reel,  which  requires  more  time  for  loading,  lay, 
Jfo,  iif  mimrtO  fOOO)  In  a  worMng  da§  ^  ^fo.  <kf  loadt  raatoeed, 
^-^Ko.o/lOO'JUtltngthto/lMd     ^      pM- day,  por  cart. 
iBtoadi  of  ordlnafj  length  one  driver  eaa  attend  teiearta;  whieh.  at  $1  per  day,  Is  96  eeala  per 
aarft.    When  labor  Is  81  per  day,  the  eicpense  of  a  horse  Is  usually  about  75  oents ;  and  that  of  the 
eart,  tneiuding  harness,  tar,  repairs.  *o,  35  oenu,  making  the  total  daily  epst  per  oart  $1.95.    The 
expense  of  the  horse  is  the  same  on  Sundays  and  on  rainy  days,  aa  when  at  work ;  and  ttiia  oonsid* 
eraMon  is  inolnded  in  the  75  oents.    Some  eontraotors  employ  a  greater  nunriier  of  drivers,  who  also 
help  to  load  the  enrta,  ae  that  the  expense  is  about  the  same  in  dther  ease. 

KxAMTLB.  How  many  oublo  yards  of  loam,  meaaured  in  the  cut.  can  be  hauled  by  a  horse  and  eart 
In  a  day  of  10  working  hours,  (000  minntet.)  the  lead,  or  length  of  haul  of  earth  being  1000  feet,  (or 
10  lengths  of  100  fset.)  and  what  will  be  the  expense  to  the  eontraotor  for  hauling,  per  eubie  yard* 
aaauming  the  total  cost  of  eart,  horae,  and  driver,  at  $1.95  7 

flOO  aifniim  000  tfleckle 

'•^  i-HOIenyHte^riOO/eet,  =    u"  =  ^•'•^-       ^"*  -r~  =  »*•« «^ l'«»-<^. 
,   ^      195oeiMs         .,,       _ 

l*.t  omb  wd»  ~         <»<«»» g***  cttMcyarA 
In  this  manner  the  9d  and  8d  eolumns  of  the  fbllowing  tablet  have  been  caleulated. 

Art.  5.  Spreadln(p*  or  leTeinnir  off  tlie  earth  Into  reirnli^ 
tliln  layers  on  the  embankment,  a  bankman  wui  spread  from  so  to  loooubie 

yards  of  eiiber  oommoo  loam,  or  any  itf  the  heavier  soils,  elays.  Mo,  depending  on  their  dryness. 
Thla,  at  $1  per  day,  in  1  to  9  oents  per  enbio  vard ;  and  we  may  asanme  l}i  eents  as  a  fair  average 
for  Buoh  soils :  while  1  oent  will  sufBce  for  light  sandv  soils. 

This  expense  for  spreading  is  saved  when  the  earth  is  either  dumped  over  the  end  of  the  embank- 
ment, or  Is  wasted}  utilt.  about  )4  oeni  per  yard  should  be  allowed  in  either  ease  for  keeping  the 
dumping-plaeee  olear  and  In  order. 


Art.  6.  Keepinir  the  eairt-road  In  fpood  order  tor  hanlinc. 

Ho  ruts  or  puddles  Hbonld  be  allowed  to  remain  unfilled;  rain  should  at  ooee  be  led  off  by  shallow 
litohes :  and  the  road  be  oarefuNy  kept  In  good  order;  otherwise  the  labor  of  the  horses,  and  the  wear 


of  oarta,  will  be  wrj/  grvMy  iooreaaed.  It  is  usual  to  allow  so  mnoh  per  enbio  yard  for  road  repaira ; 
but  we  suggest  so  mnoh  per  oublo  yard,  per  100  fbet  of  lead ;  say  -^  of  a  cent. 

Art.  7.  Wear,  sharpf  ninir.  and  depreelation  of  pleks  and 

ShOTelS.    Kxperlenoe  shows  that  about  )iot  %  oent  per  cubic  yard  will  cover  this  item. 

Snperintendenee  and  watei>carrters.   These  expenses  win  vary  with 

local  oircumstanoes ;  but  we  agree  with  Mr.  Morris,  that  1^  cenu  per  cubic  yard  will,  under  ordinary 
eireumetanoee.  cover  both  of  tnem.    An  allowaaoe  of  about  M  oent  may  in  justice  be  added  for  extm 
trouble  in  digging  the  slde-ditabes ;  levelling  off  the  bottom  of  the  out  to  grade ;  and  general  trimming 
up.    In  very  light  cuttings  tbie  may  be  inereaaed  to  ^  oent  per  enbtc  yard. 
At  ^  oent,  all  the  items  in  this  article  amount  to  9  oenta  per  cubic  yard  of  cut. 

Art.  8.  Profit  to  the  contractor.  TUs  may  geoerallv  be  set  down  at  from  Oto 
15  per  oent,  aooording  to  the  magnttnde  of  the  work,  the  risks  incurred,  and  various  incidental  cir-. 
cnmstancoe.  Out  of  this  item  the  contractor  generally  baa  to  pay  clerks,  storekeepem,  and  other 
agents,  aa  well  aa  the  expenses  of  Bhantles.  Ac ;  althonKh  these  are  in  mnut  oases  repaid  by  the  profits 
of  the  stores;  and  by  the  rates  of  bnarding  and  lodcing  paid  to  the  contractors  by  the  laborers. 

Art.  9.  A  knowledire  of  the  foreirolnir  Items  enables  ns  to 
ealenlate  with  tolerable  aeenraey  the  eost  of  remo  vinir  earth. 

For  example,  let  it  be  required  to  ascertain  the  cost  per  cubic  yard  of  exeavating  common  loam,  meas- 
ured In  place;  and  of  removini;  ft  into  embankment,  with  an  average  haul  or  lead  of  1000  feet:  the 
wages  of  laborers  being  $1  per  day  of  10  working  bourf ;  a  horse  75  em  a  day ;  and  a  oart  25  eta.  One 
driver  to  four  oaru. 


•)f  When  an  entire  cut  Is  made  into  an  embankment,  the  aaean  k««l  is  the  dist  between  eentere 
ef  gravity  of  the  cut  and  embkt. 
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JTare  «>«  hoM  cot «/  looamitng,  Mtg  iy  pick,  Art  S,  pmr  cubU  fard,  taf,  S.50 

Loading  into  cart*,  Art.i,  "  "  6.00 

HuuUng  1000  /»•(,  w  eoieuIoMd  prtvUnuly  in  tsampU,  Art.  i,  "  8.74 

Spreading  into  lauert.  Art.  6,  "  1.50 

K»n>ingeart-roadimrtpalr,  Art.  t,  10  Imifftht  of  IW  ft,  1.00 

Various  iUm»  in  Art.  1,  3.00 


Total  eott  to  eontraetor, 

Add  contraotor'9  profit,  tof  10  por  eont, 


90.74 
2.074 


Total  eoot  por  ouhie  yard  to  tho  eompany,  22.814 
It  i«  MW7  to  eonttroot  a  table  like  the  following,  of  oocta  per  enblo  yard,  for  different  lengths  of  lead. 
Oolomne  2  and  S  are  flrat  obtained  bj  the  Bole  in  Artiole  4;  then  to  eaeh  anumnt  in  eelomn  S  U  added 
tbe  voHoMe  quantity  of  -j^  of  a  oent  for  every  100  feei  length  of  lead,  for  keeping  the  road  in  order; 
and  the  conttant  quantity  (for  any  given  kind  of  toll)  eompoaed  of  tbe  prioes  per  enbio  yard,  for 
looiening,  loading,  •preadlng.  or  wasting,  ko,  either  taken  ftam  the  preeeding  artielee ;  or  modified 
to  soit  partieular  oiroanutanoes.    In  this  manner  the  tablee  hare  been  prepared. 

By  Cartii.    Ijabor  #1  per  day*  of  10  working:  hours. 
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COST 
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It 
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s 

J 

ill 

hi 

u 

u 

H 

H 

11 

feat. 

Ca.Yds. 

Gts. 

Cts. 

Ota. 

Ota. 

CM. 

Cts. 

Cts. 

Ct.. 

Ote. 

26 

47.0 

2.66 

18.69 

12  44 

11.99 

10.74 

16.00 

14.75 

13.50 

13.26 

60 

44.4 

2.81 

18.86 

12.61 

12.16 

10.91 

16.17 

14.92 

13.67 

12.43 

76 

42.1 

2.97 

14.06 

12.80 

12.86 

11.10 

16.96 

15.11 

13.86 

12.61 

MO 

40.0 

8.12 

14.22 

12.97 

12.62 

11.27 

16.68 

15.28 

14.08 

12.78 

160 

86.4 

848 

14.66 

18.88 

12.88 

11.68 

16.89 

1564 

14.89 

18.U 

300 

83.8 

8.76 

14.96 

18.70 

18.26 

12.00 

17.26 

16.01 

14.76 

13.51 

800 

28.6 

4.87 

16.67 

14.42 

18.97 

12.72 

17.98 

16.73 

16.48 

14.2S 

400 

260 

6.00 

16.40 

16.16 

14.70 

18.46 

18.71 

17.46 

16.21 

14.96 

600 

23.2 

6.68 

17.18 

16  86 

18.48 

14.18 

19.44 

18.19 

16.94 

16.69 

MO 

20.0 

6.26 

17.85 

16.60 

16.16 

14.90 

20.16 

18.91 

17.66 

16.41 

700 

18.2 

6.87 

18.67 

17.82 

16.87 

15.62 

20.88 

19.68 

18.88 

17.18 

800 

16.7 

7.48 

19.28 

18.03 

17.68 

16.88 

21.59 

20.34 

19.09 

17.84 

900 

16.4 

812 

19.92 

18.67 

18.22 

16.97 

22.28 

90.98 

19.78 

18.48 

1000 

14.8 

8.74 

20.74 

19.49 

19.04 

17.79 

23.06 

2180 

20.55 

19.80 

1100 

13.8 

9.40 

S1.60 

20.26 

19.80 

18.66 

23.81 

22.66 

31. .11 

20  06 

1200 

12.6 

10.0 

22.20 

20.96 

20.60 

19  26 

24.61 

28.26 

22.01 

20.76 

1900 

11.8 

10.6 

22.90 

21.66 

21.20 

19.95 

26.21 

28.96 

22.71 

21 .4« 

1400 

11.1 

11.2 

28.60 

22.86 

31.90 

20.65 

26.91 

24.68 

28.41 

32.16 

1600 

10.6 

11.9 

24.40 

23.16 

23.70 

21.45 

26.71 

26.46 

24.21 

22  96 

1000 

10.0 

12.6 

26.10 

28.86 

23.40 

22.15 

27.41 

36.16 

24  91 

28  66 

1700 

9.62 

13.1 

25.80 

24.66 

24.10 

22.86 

28.11 

36.86 

25  61 

24  86 

1800 

9.09 

18.7 

26.60 

25.26 

24.80 

28.66 

28.81 

37.56 

26.81 

36.06 

1900 

8.70 

14.4 

27.80 

26.06 

25.60 

24.36 

29.61 

28.86 

27.11 

^.86 

2000 

8.88 

16.0 

28.00 

26.75 

26.80 

25.05 

30.81 

29.06 

27.81 

26.56 

2260 

IM 

16.6 

29.86 

28.60 

28.15 

26.90 

82.16 

80.91 

29.66 

»'41 

2600 

690 

18.1 

81.60 

80.85 

29  90 

28.66 

88.91 

82.66 

31.41 

8018 

HmW 

6.68 

19.0 

82.64 

81.89 

30.94 

29.69 

84.96 

83.70 

82.46 

31.  Al 

8000 

5.88 

21.2 

85.20 

83.96 

88.60 

82.25 

37.51 

36.26 

S5.01 

8n,76 

8260 

6.48 

23.8 

87.06 

85.80 

85.35 

UAO 

39.36 

88.11 

86.86 

86.61 

8600 

6.13 

24.8 

88.80 

87.56 

87.10 

85.86 

41.11 

89.66 

88.61 

37.36 

8750 

4.82 

259 

40.65 

39.40 

38.96 

37.70 

42.96 

41.71 

40.46 

89.21 

400O 

4.54 

37.5 

42.50 

41.25 

40.80 

.39.55 

44.81 

43.56 

42.81 

41.06 

4260 

4.B0 

29.1 

44.36 

43.10 

42.65 

41.40 

46.66 

45.41 

44.16 

,    42.91 

4600 

4.09 

30.6 

46.10 

44.86 

44.40 

43.15 

4«.4l 

47.16 

46.91 

44  66 

4750 

8.88 

32.2 

47.95 

46.70 

46.25 

46.00 

.'>0.26 

49.01 

47.76 

46.51 

6000 

3.70 

33.8 

49.80 

48.55 

48.10 

46.86 

5-2.11 

60  86 

49.61 

4f».36 

1    mile 

8.52 

86.6 

51.78 

50.53 

60.08 

48.83 

54.09 

62.84 

51.59 

60.34 

,)^m. 
^  m. 

2.86 

48.8 

61.40 

60.16 

69.70 

68.46 

6S.71 

62.46 

61.21 

69.96 

2.40 

62.1 

71.02 

60.77 

69.32 

68.07 

73.88 

72.08 

70.88 

ms» 

H  m. 

2.07 

60.4 

80.64 

79.39 

78.94 

77.69 

82.96 

81.70 

80.46 

79.20 

m. 

1.82 

66.7 

90.26 

89.01 

86.66 

87.81 

92.67 

91.82 

90.07 

88.82 

y  Google 
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By^  CArto.    lAbor  $1  per  day^. 

Of  10 

worklnir 

hours. 

1^ 

h 

1^ 
If 

Pure  stiff  Clay,  or  cemented 
Gravel. 

Light  Sandy  Soils. 

la 
^1 

,J 

11 

TOTAL     COST     PER 

CUBIC 

TOTAL     COST 

PER 

CUBIC 

t^ 

If 

YARD,     EXCLUSIVE     OF 

YARD,     EXCLUSIVE     OP 

^j 

.2  5- 

PROFIT  TO  CONTRACTOR. 

PROFIT  TO  CONTRACTOR. 

11 

H 

n 

1 

^3 

f 

"  a 

it 
f 

hi 

I'l 

M 

H 

hi 

H 

M 

Li 

VMt. 

Cn.Yds. 

Ct3. 

Ct». 

Ctt. 

Cta. 

Cti. 

CU. 

Cu. 

ct». 

Cu. 

K 

47.0 

2,66 

19,00 

17.75 

14.50 

13.25 

11.52 

10.77 

10.25 

9.50 

QO 

44.1 

3,81 

19.17 

17-92 

14.67 

13.42 

11.69 

10.94 

10,42 

9.67 

7& 

42.1 

2,97 

19.36 

18.11 

14.86 

13.61 

11.8* 

11.13 

10.61 

9.86 

100 

40.0 

3.12 

19.53 

18.28 

15.03 

13.78 

12.05 

11.30 

10.78 

10.03 

150 

36.4 

3.43 

19.89 

18.64 

15..^9 

11.14 

12,41 

11.66 

11.14 

10.39 

900 

33.3 

3.73 

20.26 

19.01 

15.76 

14.51 

12,78 

12.03 

11.51 

10.76 

too 

,28,6 

4.37 

20,98 

19.73 

15.48 

15.23 

13.50 

12.75 

12.23 

11.48 

400 

25.0 

5.00 

21,71 

20.46 

17,21 

15.96 

14.23 

13.48 

12.46 

12.21 

600 

22.2 

5,63 

22.44 

21.19 

17.94 

16.69 

14.96 

14.21 

13.69 

12.94 

000 

20.0 

6,25 

23.16 

21.91 

18.66 

17.41 

15.68 

14.93 

14.41 

13.66 

voo 

18.2 

6.87 

23.88 

22.63 

19.38 

18.13 

16.40 

15.65 

15.13 

14.38 

800 

16.7 

7.48 

24.59 

23.34 

20.09 

18,84 

17.11 

16,36 

15.64 

15.09 

iSS 

15.4 

8.12 

25.23 

23.98 

20.73 

19.48 

17.75 

17.00 

16.48 

15.73 

14.3 

8.74 

26.05 

24,80 

21.55 

20.30 

18,57 

17.82 

17.30 

16.56 

1100 

13.3 

9.40 

26.81 

25.56 

22.31 

21,06 

19.33 

18.58 

18.06 

17.31 

1900 

12.5 

10.0 

27.51 

26.26 

23.01 

21.76 

20.03 

19.28 

18,76 

18.01 

IMO 

11.8 

10.6 

2H  21 

26.96 

23.71 

22.46 

20.73 

19.98 

19.46 

18.71 

1400 

11.1 

11.2 

28.91 

27.66 

24.41 

23.16 

21.43 

20.68 

20.16 

19.41 

1500 

10.5 

11.9 

29.71 

28.46 

25,21 

23.96 

22,23 

21.48 

20.96 

20.21 

1600 

10.0 

12.5 

30.41 

29.16 

25,91 

24.66 

22.93 

22.18 

21.66 

30.91 

1700 

952 

13. 1 

31.11 

29.86 

26.61 

25.36 

23.63 

22.88 

22,36 

21.61 

ISOO 

9.09 

13.7 

31.81 

30..56 

27.31 

26.06 

2*.  33 

23.58 

zi.m 

22.31 

•       1900 

8.70 

14,4 

32,61 

31,36 

28.11 

26.86 

25.13 

24.38 

23,86 

23.11 

2000 

8.33 

16.0 

33.31 

32.06 

28.81 

27.56 

25.83 

25,08 

24.56 

23.81 

3250 

7.54 

16.6 

35.16 

33.91 

30.66 

29.41 

27.68 

26.93 

26.41 

25.66 

2500 

6.90 

18.1 

36.91 

35.66 

52.41 

31.16 

29  43 

28.68 

28.16 

27.41 

H  mile 

6.58 

19.0 

37.95 

36.70 

33.45 

32,20 

30.47 

29.72 

29.20 

38.tf 

3000 

5.88 

21.2 

40.51 

39.26 

36.01 

34.76 

33.03 

32.28 

31.76 

31.01 

3250 

D.48 

22.8 

42.36 

41,11 

37.86 

36.61 

31,88 

34.13 

33,61 

32.86 

3500 

5.13 

24.3 

44.11 

42.86 

39.61 

38.36 

36,63 

85.88 

35.36 

34,61 

3750 

4.82 

25.9 

45.96 

44.71 

41.46 

40.21 

38,48 

37.73 

37.21 

36.46 

4000 

4.54 

27.5 

47.81 

46.56 

43.31 

42.06 

40.33 

39.58 

39.06 

38.31 

4230 

4.30 

29.1 

49,66 

48,41 

45.16 

43.91 

42.18 

41,45 

40.93 

40.18 

4500 

4.08 

30.6 

51,41 

50.16 

46.91 

45.66 

43.93 

43.18 

42.66 

41.91 

4750 

3.88 

32.2 

53.26 

52.01 

43.76 

47.51 

45.78 

45,03 

44  51 

43.76 

5000 

3.70 

33,8 

55.11 

53.86 

50.61 

49.36 

47.63 

46.88 

46.36 

45.61 

1  mil* 

3.52 

35,5 

57.09 

55.84 

52.59 

51.34 

4961 

48.86 

48.34 

47.59 

IJim. 

2.86 

4:1.8 

66,91 

65.46 

62.21 

60.96 

59.23 

58.48 

57.96 

57.21 

IHm. 

2.40 

52.1 

76.33 

75.08 

71.83 

70,58 

68.85 

68.10 

67.58 

66.83 

IHm. 

2.07 

60.4 

85.95 

84.70 

81.45 

80.20 

78.47 

77.72 

77.20 
95,82 

76.45 

2     m. 

1.82 

68.7 

95.57 

94.32 

91.07 

89.82 

88.06 

87,34 

86.07 

Art.  10,  By  wheelbarrows.  The  ooH  by  batroiri  mmj  h9  Mtimated  In  th«  MB* 
mraner  as  by  e«ru.  S«e  Artiolea  1,  *o.  Men  In  wheeling  move  at  about  the  lame  arerage  rata  aa 
boreea  do  tn  hauling,  that  is,  2W  mllea  an  hour,  or  300  feet  per  minute,  or  1  minute  per  erery  100>faal 
length  or  lead.  The  time  ocoupled  In  loading,  emptying,  Ae  (when,  as  is  usual,  the  wheeler  loads  hia 
own  barrow,)  is  about  1.S5  minutes,  without  regard  to  length  of  lead ;  besides  whioh.  the  time  lost  in 
oceasional  short  resu.  in  adjusting  the  wheeling  plank,  and  in  other  inoldental  causes,  amonnU  to 
about  J^  part  of  his  whole  time;  so  that  we  must  in  praotioe  consider  him  as  actually  working  bat 
•  bonn  out  of  his  10  working  onea.   Therefore 

The  numbmr  of  minuUiJn  a  working  daifJC  .9_  _  <»«  numher  of  trip*  or  of  load* 
1 .25  +  r*s  number  of  100-/«««  length*  of  Uad     ~    removed  per  day  ptr  harrow. 

See  Bemark,  next  page. 

The  number  of  loads  dirided  by  14  will  gire  the  number  of  cub  yards,  sinoe  a  cub  yard,  measured 
In  place,  averages  about  14  loads.  And  the  cost  of  a  wheeler  and  barrow  per  day.  (say  $1  per  man. 
and  6  oenu  per  barrow,)  divided  by  the  number  of  cub  yards,  will  {ive  the  cost  per  yard  for  loadina 
vheeliag,  and  emptying. 
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OOdt  OF  £A&THWOBK. 


£z«      kd# 


day  of  10 


oHbia  yard*  of  obouiuNi  IoMb.  i 


i  emptT,  per  day  of  10  irwkiiic  hoara«  (or  000  minutM :)  Um  lead,  or  dUtanoe  to  w] 
kored  being  1000  feet,  (or  10  Imgtlis  of  100  feet ;)  and  what  wiU  be  (he  ezpenee  per 
laborer  and  barrow  to  ooet  $1.06  per  dajT 


wbieh  the  earUk  te 
yard,  aappodac 


Are, 


X  .0  -  if2  -_ 


1.25  +  10  UHgtk$        11.36 


4A  tHp$,  9r  load*  p*r  dot. 


per  enb  yard  for  loadiof ,  irheding  away,  emp^nff,  and  retomlnf .    Tbii  woold  be  Ineraaaed  alaMa* 
inappreciably  by  the  ooft  of  the  thOTel,  whieh,  in  the  Mlowint  tablee,  howcrer.  ie  inelnded  in  the 
eoet  of  tools. 
Bern*  For  reckt  which  requires  more  time  for  loading,  say 

No  ofmimHUea  in  a  wortHmg  dag  X  .0    _  JTg  (i{Jottd§r$mn$i 
1.9-^  No  of  100-/SMI  Itngtlu  of  Uad    ^  pmrdag, pmr bofrom. 

Art*  11*  The  following  tables  are  ealcnlated  as  in  the  case  of  carts,  hj  flrkt  finding  nolumns  t 
and  S  hj  means  of  the  Bale  in  Art  lO.and  then  adding  to  each  som  in  eolomn  8.  the  Tariabie  qaanti^ 
of  .1  of  a  cent  per  eablo  jard  per  100  feet  of  lead  for  keeping  the  wheeling* planks  in  order ;  and  the 
prices  of  loosening,  spreading,  saperintondence,  water>carrylng,  Ac,  per  couo  yard,  as  given  in  Mm 
preceding  Articles  2  to  7. 

By  Wlieelbarrows.     I^abor  $1  per  dfiy,  of  10  workinir  Ikoura* 


ll 

si 

H 

Oomman  Loam. 

Strongs  HeaTySoili. 

If 

iii 

^1 

TOTAl 

008T    PBB    OUBIO 

TOTAL    008T    PER     CUBIO 

If 

ll 

TARD,    BX0LU8IVS    Or 

YARD,    BXOLVSIYB    OF 

PROFIT  TO  OONTRAOTOB. 

PROFIT  t6  OONTRAOTOB. 

f 

14 

H 

u 

M 

H 

H 

H 

H 

WmL 

Oa.Yds. 

ou. 

OU. 

Ots. 

Ots. 

ou. 

Ots. 

cu. 

ou. 

Ota. 

96 

96.7 

4.09 

10.12 

8.87 

8.42 

7.17 

11.69 

10.87 

9.12 

7JT 

60 

92.1 

4.76 

10.80 

9.66 

9.10 

7J6 

12.80 

1.06 

9.80 

8.66 

76 

19.8 

6.44 

11.62 

10.27 

9.89 

8.67 

13.02 

1.77 

10.62 

9.2T 

100 

17.1 

6.14 

1^24 

10.99 

10.64 

9.99 

18.74 

2.49 

11.24 

0J9 

160 

14.0 

7.60 

13.66 

12.40 

11.96 

10.70 

15.16 

8.90 

12.66 

11.40 

MO 

11.9 

8.89 

16.02 

18.77 

18J2 

1107 

5.97 

14.92 

12.7T 

960 

lOJ 

10.2 

16.46 

15.20 

14.76 

18.60 

6.70 

16  46 

14.20 

900 

9.07 

11.6 

17.90 

16.66 

16.20 

14.96 

19!40 

8.16 

16.90 

16.06 

860 

8.14 

12.9 

19.26 

18.00 

17.66 

16.80 

90.76 

9.60 

18.26 

IIM 

400 

7.36 

14.8 

20.70 

19.46 

19.00 

17.75 

22.90 

90.96 

19.70 

18.46 

460 

0.71 

15.6 

92.06 

20.80 

20.86 

19.10 

23.55 

92.30 

21.06 

19.80 

600 

0.17 

17.0 

28.60 

22.25 

21.80 

20.66 

26.00 

98.75 

22.80 

21.26 

dOO 

6.82 

19.7 

26.30 

25.06 

24.60 

23.36 

27.80 

96.66 

26.80 

94.06 

700 

4.67 

22.6 

29.20 

27.96 

r.6o 

26.26 

80.70 

99.46 

28.20 

26.96 

800 

4.17 

26.2 

82.00 

30.75 

80.80 

39.06 

88.60 

82  26 

81.00 

29.76 

900 

8.70 

27.9 

84.80 

83.66 

88.10 

81.86 

86.30 

86.06 

83.80 

82.66 

1000 

8.43 

80.6 

87.60 

86.35 

85.90 

84.66 

89.10 

87.85 

86.60 

88.86 

IMO 

2.91 

86.1 

48.80 

43.06 

41.60 

40.35 

44.80 

48.66 

42.80 

41.06 

1400 

2.68 

41.6 

48.90 

47.66 

47.90 

46.96 

6a  40 

49.16 

47.99 

4»M 

1600 

2.24 

46.9 

64.50 

68.46 

63.80 

61.55 

66.00 

64.76 

68.60 

62.26 

1800 

2.00 

62.6 

60.30 

60.06 

68.60 

57.35 

61.80 

60.56 

69.80 

68.05 

9000 

1.81 

68.0 

66.00 

64.76 

64.80 

68.06 

67.60 

06.26 

66.0Q 

68.75 

2900 

l.«« 

68.8 

71.50 

70.26 

60.80 

68.56 

78.00 

71.76 

70.60 

69.26 

9400 

1.68 

68.6 

77.00 

75.76 

76.80 

74.06 

78.50 

77.26 

76U)0 

74.76 

MBil*. 

IM 

76.6 

84.M 

82.89 

89.44 

81.19 

86.64 

84.89 

88.14 

61.89 
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By  W1ie«lt»arrows.      liabor  $1  per  day,  of  10  working:  hourtM 


5 

If 

Pure  Stiff  Clay,  or  Ce- 
mented Gravel. 

Light  Soady  Boilfi. 

jl.  ^-g 

a 

il 

TOTAL    COST     PER    CUBIC 

TOTAL    C09T     PER     CUBIC 

±H 

ti 

YARD,     EXCLUSIVE     OF 

TARDj     EXCLUSIVE     OF 

! 

-2  ► 

PROFIT  TO  CONTRACTOB. 

profit'WVjontractob. 

3       . 

fl 

!!5 

1 

fll 

1? 

il 

lit 

|i| 

hi 

I'l 

H 

M 

11 

VMt. 

Ou.Tdi. 

Ct8. 

Cts. 

Cts. 

CU. 

Ct>. 

Cu. 

CW. 

Cts. 

CU. 

Vi 

25.  T 

4.09 

14.62 

1S.S7 

10.13 

8.87 

8.79 

S.Oi 

7.52 

6.7T 

60 

32,1 

4.75 

15.30 

14.05 

10.80 

9.55 

9.47 

8.72 

8.20 

7.45 

75 

19.3 

544 

16.02 

14.77 

11.52 

10.27 

10.19 

9.44 

8.92 

8.  IT 

^,    100 
■•"   160 

IT.l 

6.14 

16.74 

15.49 

12.24 

10.99 

10.91 

10.16 

9.64 

8.89 

14.0 

7,50 

18.15 

16.90 

13.65 

12.40 

12.32 

11.57 

11.05 

:o.so 

an  m 

11.9 

6. 82 

19.52 

18.27 

15.02 

IS.  77 

13.69 

12.94 

12.42 

H.67 

aso 

lO.S 

10.2 

90.95 

19.70 

16.45 

15.30 

15.13 

14.37 

13.86 

13.10 

aoo 

9.07 

11.6 

22.40 

21.15 

17.90 

16.65 

16.57 

15.82 

15.30 

14.65 

160 

8.U 

12.9 

23.75 

23.50 

19.25 

16.00 

17.92 

17.17 

16.65 

15.90 

400 

.\1^L 

14.3 

25.20 

2S.95 

20.70 

19.45 

19.37 

18.62 

18.10 

17.86 

450 

^tmih 

b   15.6 

26.55 

25.30 

23.05 

20.80 

20.72 

19.97 

19.45 

18.70 

600 

Tn 

17.0 

28.00 

26.75 

33.50 

22.25 

22.17 

21.42 

20.90 

20.15 

<00 

5.32 

19.T 

30.80 

39.55 

16.30 

25.05 

24.97 

24.22 

23.70 

22.96 

TOO- 

\lfflk 

.    22.5 

33.70 

32.45 

29.20 

27.95 

27.87 

27.12 

36.60 

25.86     , 

800 

1  25.2 

36.50 

35.25 

32.00 

30.75 

30.67 

29.92 

29,40 

38.65 

900 

3.76 

27.9 

39.30 

38.05 

34.80 

33.55 

33.47 

32.72 

32.20 

31.45  - 

1000 

S.43 

30.6 

42.10 

40.86 

37.60 

36.35 

36.27 

35.52 

35.00 

34.35      . 

laoo 

2.91 

M.l 

47.80 

46.55 

43.30 

42  05 

41.97 

41.22 

40.70 

S9.90 

1400 

2.53 

41.5 

53.40 

53.15 

48.90 

47.65 

47  57 

46.82 

46.30 

45,55      . 

1600 

2.24 

46.9     1 

59.00 

57.75 

54.50 

53.25 

53.17 

52.42 

51.90 

61.15 

1800 

2.00 

52.5 

64  SO        63,55 

60.30 

59.05 

58.97 

58.22 

57.70 

56.95 

aooo 

1.81 

58.0 

70.50 

69.25 

66.00 

64.75 

64.67 

63.92 

&3.40 

62.65 

5200 

1.66 

63.3 

76.00 

74.75 

71.50        m.-io  1 

70  17 

69.42 

68.90 

68.15    : 

MOO 

1.53 

68.6 

81.50 

80.25 

77.00        75.75 

75.67 

74.92 

74.40 

73.66 

UtaiM. 

1.39 

76.5 

86.64 

87.39        84.14    1     83.89  j 

82.81 

82.06 

81.54 

80.W     , 

Art.  12.    By  mrheeled  scrapers  and  drag  scrapers.    The  body 

•f  the  wheeled  scraper  is  a  bar  of  smooth  sheet-steel  about  3\4  ft  square  by  15  ids  ' 
d«ep,  containing  about  ^  cubic  yard  of  earth  when  "even  fulL"  The  box  is  open 
In  front  (in  some  machines  it  is  closed  by  an  "  end  gate  '•  when  full),  and  can  be  raised  ' 
and  lowered,  and  revolved  on  a  horizontal  axis.  To  fill  the  box,  it  is  lowered  into,  . 
*nd  held  down  in,  the  earth,  while  the  team  draws  the  machine  forward.  "When  full, 
it  is  raifted  to  about  a  foot  atmve  ground  ;  and,  on  renching  the  dump,  is  unloaded  by''^ 
being  overtnmed  on  its  axis.  All  the  moTements  of  the  box  are  noade  by  means  of  ^ 
leTOTB,  and  without  ■toiq;iing  the  team,  which  thus  travels  conttantly.  The  wheels  ^ 
have  broad  tirea,  to  preyent  them  from  cutting  into  the  ground. 

In  the  drag  scraper  the  box,  owing  to  the  greater  reiistanoe  to  traction,  is  made  ^ 
much  smaller.  It  contains  about  .15  t^  .25  cubic  yard  in  place,  and  is  always  open  in  »\, 
trovX.  The  operation  of  the  drag  scnq>er  is  similar  to  that  of  the  wheeled  scraper,  '^ 
except  that  the  box,  when  filled,  rests  npon  the  ground  and  is  dragged  over  it  by  the  * 


Each  scraper  ("wheeled"  or  "drag")  requires  the  constant  use  of  a  team  of  two, 
hones  with  a  driver.  Besides,  a  number  of  men,  depending  on  the  shortness  of  the 
lead  and  the  number  of  scrapers,  are  required  in  the  pit  and  at  the  dump  to  load  the 
serapors  (by  holding  the  box  down  into  the  earth)  and  unload  them  (by  tipping  the 
bene).  Except  in  sand,  or  in  very  soil  soil,  it  is  economical  to  use  a  plow  before 
scrsping.  * 

The  serereet  work  for  the  team  is  the  filling  of  the  box ;  and  this  occurs  ofteneet 
where  the  lead  is  shortest.  Hence  smaller  scrapers  are  used  on  short  than  on  long 
hauls.    We  base  our  calculations  on  the  following  loads : 


For  drag  scrapers  (used  only  on  short  hauls) 2   cubic  yard 

For  wheeled  scrapers 

lead  lees  than  100  feet ^ 

♦♦    100  to  aoo  feet « « .4  " 

"    400  to  600  feet ^ 

••    over  600  feet «.o.. .« 
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The  daily  expense  per  scraper,  for  driver^s  wages  and  the  use  of  a  2>horpe  team,  if 
about  $8.50.  For  leads  of  400  feet  and  over,  we  add  50  cts  per  day  for  use  of  *'  snatdi 
team  "  to  help  load  the  larger  scrapers  then  used.  One  snatch  team  generally  serrce 
a  number  of  scrapers. 

Owing  to  the  fact  that  the  teams  are  constantly  in  motion  wiUiout  rest,  they  trarel 
somewhat  more  slowly  than  with  carts.  We  take  160  ft  per  minute  (or  75  ft  of  lead 
per  minutej  as  an  average. 

In  loading  and  unloamng,  the  teams  not  only  go  out  of  their  way  in  order  to  turn 
around,  but  trayelmore  slowly  than  whoa  simply  hauling.  To  cover  this  we  make 
an  addition  oSfiBrnto  each  length  of  lead,  whether  long  or  short,  fes  wheiule^  seiap 


We  add  1  cent  per  cubic  yard  for  the  cost  of  loading  and  dumping  the  scrapers ;  and 
estimate  the  approximate  cost  of  the  other  items  as  follows : 

Bepairs  of  cart-road  ^  ct  per  cub  yd  in  place  for  each  100  ft  of  lead 

light  Soils  Heavy  Soils 

Loosening  cts  per  cub  yd  in  place    cts  per  cub  yd  in  place 

by  pick *  5. 

by  shovel *  2. 

Spreading 1 1.6 

Superintendence,  wear  and  tear  etc 1 1. 

We  repeat  that  our  figures  are  to  be  regarded  merely  as  tolerable  approximationa, 
and  subject  to  great  variations  according  to  skill  of  contractor  and  superintendent, 
(rtxength  of  teams,  character  of  material  moved,  state  of  weather  etc  etc 

No.  of  trips  per  day       No.  (600)  of  mins  in  a  working  day 
VertcheeUa  scraper  =»  No.  of  76  ft  lengths  in  (lead  +  mtj^^J 


No.  of  trips  per  day       No.  (600)  of  mins  in  a  working  day 
per  drag  scraper     =•  ^^^  ^f  75  ^  length^in  (lead  ■^rftmPV 


No.  of  cub  yds  in  place  moved 
per  day  by  each  scraper 


No.  of  trips  per  , 
day  per  scraper  ' 


No.  of  cub  yds  in  place, 
per  soraper  per  trip 


dumping  and  returning       No.  of  cub  yds  in  place,  moved         and  dumping 

*         ^    '  rkA«»  ^avr  •l\'«r   Aatf«||     1 


per  day  by  eacl 

iPTotal  cost  per       Ck)st  per  cub  yd 
J  cubic  yard  in       in    place,     for 
i  place  exclusive  —  loading,    haul-  -f 
"![  of  contractor's       ing,    dumping,       for     repairs 
profit  and  returning  road 

By  Wheeled  Scrapers.    Labor  $1  per  day  of  10  working  hours. 


scraper 

intendenoe  Ac. 


P 

'ii 

rotol  co»t 

per  cubic  yaVd  in  plae«,  ezdatlve  of  contractor's  profit. 

'i! 

% 

'It- 

pi 

h" 

Light  Soils 

Heary  BolU 

P 

Jfll 

Spread 

Waited 

Plcke 

Spread 

dand 
Wasted 

cts 

P10W4 

Spread 

»dand 
WasM 

Feet 

cnb  vds 

Cts 

Cts 

cts 

Cts 

Cts 

Cts 

flO 

200 

2.8 

4.9 

8.9 

10 

8.5 

7.3 

6.8 

100 

140 

3.4 

5.6 

4.5 

11 

9.5 

8 

6.6 

150 

105 

4.3 

6.5 

6.5 

12 

11 

9 

7.6 

200 

80 

5.4 

7.6 

6.6 

13 

12 

10 

8J5 

800 

66 

7.3-. 

9.6 

8.6 

15 

14 

12 

11 

400 

60 

8.5 

11 

10 

16 

15 

13 

12 

600 

43 

10 

18 

12 

18 

17 

16 

14 

800 

33 

13 

16 

15 

21 

20 

18 

17 

1000 

27 

16 

19 

18 

25 

24 

22 

21 

•  Liftht  ncila  can  generally  be  advantafeonsly  loosened  by  the  serapers  themselTes  in  the  net  af 
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Uborfl 

per  day  of  10  working  hoars. 

Vi 

roMl  eoit,  per  oable  yard  In  plaoe,  ezeliuiTe  of  eootraetor's  profli. 

LigbtBolU 

Heavy  Soil! 

Spread 

W&sMd 

Picked  and 
SpfMd      Waited 

Plowed  and 
Spread        Waated 

i  t  ^  than  y 
WM    40  j 

>        75 
f      100 
ii    150 
JP2OO 

cub  yds 

220 

140 
100 

80 

54 

42 

Ct8 

2.6 

3.5 
4.6 

5.4 
7.5 
9.3 

Ct8 

4,6 

5.5 
6.6 
7.5 
9.6 

12. 

cts 

3.6 

4.5 
5.6 
6.5 

8.6 
U 

Cts 

10 

11 
12 
13 
15 
17 

cts 

9Ji 

9£ 
11 
12 
14 
16 

Cts 

7 

8 
9 
10 
12 
14 

Cts 
6.6 

6.5 

8 

9 
11 
13 

Art.  18,  By  ears  and  loeomotlTe,  on  level  track.  We  hare  based 
our  calculations  upon  the  following  assumptions:  Trains  of  10  cars,  ea<;h  car  con- 
taining 1^  cubic  yards  of  earth  measured  in  place.  Average  speed  of  trains, 
including  starting  and  stopping,  but  not  standing,  10  miles  per  hour,  =  6  miles 
of  lead  per  hour.  Labor  $1  per  day  of  10  working  hours.  Loosening,  loading 
(by  shOTclers),  spreading,  wear  Ac  of  tools,  superintendence,  Ac,  the  same  as 
with  carts,  Arts  2,  3,  6,  and  7.  Loss  of  time  in  each  trip  for  loading,  unloading, 
&c,  9  minutes,  =  0.15  hour.    Therefore 

Number  of  trips  ppr )  .     The  number  (10)  of  hours  in  a  working  day 
day,  per  train       j  **  .15  +  the  number  of  6-mile  lengths  in  the  lead 

Nnmber  of  cubicl  Number  of  Number  (10)  Number  (1.6)  of  cnbio 
yards  in  place,  per  >  s»  trips  per  day  X  of  cars  in  a  X  yarda  in  place  in  eaoh 
day  per  train  J       per  train  train  car 

^*hwli"*^**diS^l^  "^'SSdl  -*  Q°o  tlay's  train  expenses  +  1  day's  cost  of  track 
returning     *  J  **  ^u'"'''^''  ^f  cubic  yards  in  place  per  day  per  traia 

€tai«  dayM  tralii  expemiest 

Cost  of  10  cars  ^  $100 '.;...... .............^....^..^  $1000 

**      locomotiTe »..........^.......    8000 

14000 

One  day's  interest  at  6  per  cent,  on  cost  of  train $0.67 

Wages  of  engine  drirer  (who  fires  his  own  engine) 2.00 

**       foreman  at  dump 2.00 

**       8  men  at  dunp  at  $1 8.00 

Fuel „ 2.00 

Water 1.00 

Repairs  ot  locomotive  and  cars 2.33 

Total  daily  expense  of  one  train $13.00 

The  dally  expense  of  traek,  for  interest  and  repairs,  may  be  taken 
at  $8  for  each  mile  of  lead. 
Thetpfore, 
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Oo«t  DMT  eabfo  yard  In  p1ae«, 
for  hauling,  dumping,  and 
rttnrning 


t 


Total  cost  per  cubic 
yard  in  place,  ex- 
clasire  of  contrac- 
tor's profit 


$18-K$»<br»aciima»of  toad)  - 

Namber  ^  Number  (10)  Number  (1.6)  At 
trips  per  day  X  of  cars  in  a  X  cubic  yards  ip 
per  train  train  each  car 

Cost  per  cub  yd  in  Cost  per  cubic  yard,  in  place,  for 
place  for  hauling,  ,  loosening,  loading,  spreading  $^t 
"7  dumping,  and    re-  "^  wasting,  and  superintendenca,  A^ 


turning 


(Arts  2,  8,  5,  and  7.) 


J  Jt 


1 

1^ 

Total  MM  per  eaUe  yard,  la  place.  oxdMire  of  aenferaetor's  proAtT  ^ 

Uf  ht  Sandy  SolU. 

StroMiUaTy  Soils.       ,    , 

i}'-- 

||ii 

|1 

P 

1 

1 

P 

P 

1 

12^ 

^MilM. 

iCu  yds. 

Cts. 

Cto. 

Cto. 

Cto. 

Cto. 

Cto. 

Cto. 

Cts. 

Cts? 

^4)    0.125 

855 

1.56 

10.4 

9.6 

9.1 

8.4 

14.9 

13.6 

11.4 

11.1 

TW      0.250 

750 

1.83 

10.7 

9.9 

9.4 

8.6 

15.1 

13.9 

12.6 

r     0375 

660 

2.14 

ll.O 

10.2 

9.7 

9.0 

15.4 

14.2 

12.9 

11.7 

\      0.500 

600 

2.42 

11.3 

10.5 

10.0 

9.2 

15.7 

14.5 

13.2 

12U> 

1      0.760 

495 

3.08 

11.9 

11.2 

10.6 

9.9 

16.4 

15.1 

13.9 

12.6 

J      1.000 

420 

3.81 

12.6 

11.9 

11.4 

10.6 

17.1 

15.9 

14.6 

13.4 

V      2.000 

270 

7.04 

15.9 

15.1 

14.6 

13.9 

20.3 

19.1 

17.8 

16.6 

J       S.000 

195 

11.30 

20.1 

19.4 

18.9 

18.1 

24.6 

23.4 

22.1 

20.9 

S       ^-^ 

150 

16.70 

26.5 

24.8 

24.3 

23.5 

30.0 

288 

27.5 

26J 

Where  large  amounts  of  work  are.  to  be  done,  tt&e  steAm  ezcavstor.  land 
dredge  or  steam  sbovel  generally  economizes  time  and  money.  Where  the 
depth  of  cutting  is  less  than  10  ft,  so  much  time  is  loet  in  moving  from  place  to  i^bce 
that  the  e'xcavators  do  not  work  to  advantage.  In  stiff  soils,  cuttings  may  be  made 
about  from  17  to  20  ft  deep  without  changing  the  level  of  the  machine.  For  greater 
depths  in  such  soils  the  work  is  done  in  two  levels,  since  the  bucket  or  dipper  cannot 
reach  so  high.  But  in  sand  and  loose  gravel,  much  deeper  cuts  may  be  made  from  a 
■ingie  level. 

The  excavator  resembles  a  dredging  machine  in  its  appearance  and  operation.  A 
large  plateniteel  bucket,  like  a  dr^ging  bucket,  with  a  flat  hinged  bottom,  and  pn>> 
Tided  with  steel  cutting  teeth,  is  for^  into  and  dragged  through  the  earth  by 
steam  power.  It  dumps  its  load,  by  means  of  the  hin^  bottom,  either  into  oars 
for  transportation,  or  upon  the  waste  bank,  atf  desired. 

Saeh  machine  is  mounted  on  a  car  of  standard  gauge,  which  can  be  coupled  in  an 
ordinary  freight  train.  The  car  is  made  of  wood  or  iron,  as  desired,  and  is  provided 
with  a  locomotive  attachment,  by  which  it  can  be  moved  from  point  to  point  as  the 
work  proceeds.  The  machines  can  be  used  as  wreekinfr  or  derrick  ears. 
Xach  machine  has  a  water  tank,  holding  from  800  to  660  gallons,  for  the  supply  of 
its  boiler. 

Before  beginning  to  excavate,  the  end  of  the  oar  nearest  the  work  is  lifted  ihtt 
the  track  by  hydraulic  or  screw  Jacks,  upon  which  It  rests  while  working. 

In  stiff  smls  the  excavator  leaves  the  sides  of  the  cut  neaily  vertical ;  and  the  de- 
sired slope  is  afterwards  giv^  by  pick  and  shovd.  When  the  soil  is  hard  or  mudi 
frostfn,  it  may  be  loosened  by  blasting  in  advance  of  the  excavator. 
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The  tzcftTator  bM  t»  he  motetf  fonrwt^  (m  tlie  irork  AdTfttRteg)  abt  9  ft  at  •  Mmec 
At  regularly  miida,  tt  can  dig  at  a  distance  of  17  ft,  boriKoatally,  from  the  center  of 
the  car  in  any  diredton,  andean  damp  12  ft  abore  the  track.  In  eand  or  grarel  it 
takes  out,  while  actnally  digging,  8  ^pperfbls  (^  4V^  to  «  cub  yards  in  the  dipper. 
■■  8.75  to 6  onbic  yards  in  place)  per  minute;  in  stin  clay,  2  dipperfule  per  minute 
fw  8  to  4  cub  yards  in  tb«  olpper,  «■  2.6  to  8.38  cubio  yards  in  place).  An  arerage 
day's  work  (10  hours)  for  a  **  No  1  **  machine,  including  time  lost  in  moving  the  ma* 
diine,  Ae,  is  about  500  cubie  yards  in  "hard-pan,**  and  from  1900  to  1600  in  sand  and 
gra^L  This  allows  for  the  usual  and  generally  ooaToidable  delays  in  having  cars 
ready  for  the  exeavator. 

The  ezeavatoraearryahontSOtoMlbaof  iteam.  They  bum  from  100  to  1601bs 
of  good  hard  or  eoft  ooal  par  hour;  and  requko  oao  oDgineer,  oiio  fireman,  one 
cranesman,  and  6  to  10  pitmen,  including  a  boss.  The  pitmen  are  laborers,  who 
attend  to  the  Jacks,  lay  track  for  the  excavator  and  for  the  dump  cars,  assist  !■ 
moving  the  latter,  bring  or  pump  water,  Ac,  to. 

After  reaching  the  site  of  the  work,  about  30  minutet  are  required  for  getting  the 
excavator  into  working  condition ;  and  an  equal  length  of  time,  after  completion 
of  the  work,  in  getting  it  ready  for  transportation. 

The  following  figures  are  taken  from  the  records  of  work  done  by  a  No  1  machine, 
from  May  to  Nov,  1888.  The  material  was  hard  clay  with  noekete  of  sand.  The 
txpenses  per  day  of  12  working  hours,  at  $L60  per  snch  day  for  labor,  were 

Water  (a  very  high  allowance)..^ .^»„^,^,.,»,^,.,»^^  $  6.00 

Coal,  l}^  tons  bituminous laOO 


.Wages  of  engineer  .................M...........................M.......     4.00 

«     •*  fireman  «... — «... ^^,„^^^^^,,,^     1.60 

*  **  craneemao  or  dipper-tender  ......«««.«•«««««.•     S.60 

•  •*  pit  boss «..««««...««.......«.....«....      8.00 

••     ••  8  pitmen  at  $1.60 .•««.......«„ „ „    12.00 

Oil,  waste,  repairs,  *o  (estimated) ..«.««......««...« 6.00 

Interest  on  cost  (^600)  of  maohine.«....«.M.«.......«....«....      1.26 

$44.26 

Bodueed  to  oar  standard  of  $1  for  labor  per  day  of  Id  working  hours,  this  would 
be  say  $30.00  per  day.  Bednoed  to  the  same  standard,  and  allowing  for  the  greater 
proportional  loss  of  time  in  stopning  at  evening  and  starting  in  the  morning  i  the 
average  daily  quantity  excavated,  measured  in  place,  was,  in  shallow  cutting,  680 
cubic  yards;  in  deep  cutting,  I'iOO  onbio  yards;  average  of  whole  operation,  800 
cubic  yards.  This  would  make  the  coet,  per  cubie  yard  measured  in  place,  for 
looeening  and  loading  into  cars,  6.0T  cts,  2.6  efts,  and  8.76  eta  respeotively ;  while  the 
•oet  by  ploughing  and  shoveling,  in  strong  heafy  eolls,  by  Arts  %  and  8,  Is  7.4  eta )  and 
by  picking  and  shoveling,  say  10  cts. 
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ArU   14.    RemoTlny    roek  «xeavatlon    hy  wiieellMurrows* 

A  cubic  yard  of  hard  rook,  in  place,  or  before  being  blasted,  will  weigh  about 
1.8  toos,  if  sandstone  or  conglomerate,  (150  lbs  per  cubic  foot ;)  or  2  tons  if  good 
compact  granite,  gneiss,  limestone,  or  marble,  (168  lbs  per  cubic  foot)  So  that, 
near  enough  for  practice  in  the  case  before  us,  we  may  assume  the  weight  of  any 
of  them  to  be  about  1.9  tons,  or  4266  &»  per  cubic  yard,  in  place ;  or  158  lbs  per 
cubic  foot. 

Now,  a  solid  eabl«  y»rd,  when  broken  np  by  blasting  for  removal  by  wbe^ 
barrows  or  oarts,  wiU  occupy  a  space  of  about  1.8,  or  If  ooblo  yardt;  whereas  average  earth,  when 
loosened,  swells  to  but  about  1  2,  or  1^  of  iu  original  bulk  in  plaoe ;  althoogh.  after  being  made  into 
embankment,  it  eventually  shrinks  into  less  than  Its  original  bulk.  In  estimating  fbr  earth,  it  is 
assumed  that  ^  enbio  yard,  in  plaoe,  is  a  fair  load  for  a  wheelbarrow.    Bneh  a  eubie  yard  will  wdgh 

24S0 
on  an  average  2430  lbs,  or  1.09  tons;  therefore,  -j^  =»  174  lbs,  Is  the  weight  of  a  barrew-load,  of 

2.31  oubio  feet  of  loose  earth.  Assuming  that  »  barrow  of  loose  rock  should  weigh  about  the  saoM 
as  one  of  earth,  we  may  take  It  at  jjljc  of  a  oubio  jard ;  whleh  gives  -rr-  =»  177  lbs  per  load  of  looM 

rock,  occupying  2  oubio  feet  of  space. 

In  the  following  table,  columns  2  and  8  are  prepared  on  the  sane  prfnoiple  as  for  earth,  as  direoted 
in  Article  10.  Oolnmn  4  is  made  up  by  adding  to  each  amount  tn  col  vmn  8,  .2  of  a  cent  for  eaoh  100 
fbet  length  of  lead,  fbr  keeping  the  wheeling-planks  iu  order ;  and  «5  oents  per  ooblo  yard,  in  plaoe, 
as  the  aotual  cost  for  loosening,  including  tools,  drilUog,  powtier,  Ac ;  as  wHI  as  moderate  dralnaca> 
and  every  ordinary  contingency  not  embraced  in  column  8.  Contraotor^s  proflts,  of  course,  are  noi 
here  included. 

Ample  experienoe  shows  that  when  labor  is  at  |l  per  day.  the  foregoing  45  cents  per  cubie  yard.  In 

f'laoe,  is  a  sufficiently  liberal  allowance  for  loosening  hard  rook  under  all  ordinsrv  cironmstoneee. 
n  practice  it  will  generally  range  between  80  and  00  cents;  depending  on  the  position  of  the  strato, 
hardness,  toughness,  water,  and  otber  oonsiderations.  Soft  shales,  and  other  aided  rocks,  may  Ar*> 
quently  be  loosened  by  pick  and  ploush.  as  low  as  16to20eenta;  while,  on  the  other  hand,  shallow 
cuttings  of  very  tough  rook,  with  an  unfavorable  position  of  strata,  espooially  in  tbe  bottoms  of  ex« 
cavationa,  may  cost  |l,  or  even  consMerably  more.  These,  how«ver,  are  exceptional  cases,  of  eom* 
paratively  rare  occurrence.  The  quarrying  of  averftge  hard  rock  requires  about  ^  to  }i  lb  of  powder 
per  cubic  yard,  in  place ;  but  tbe  nature  of  the  roek,  the  position  of  the  strata,  4ko,  may  inerease  it 
to  ^  lb,  or  more.  Soft  rook  frequently  requires  more  powder  than  hard.  A  good  oharn>driller  will 
drill  8  to  10  feet  in  depth,  of  holes  about  2>i  feet  deep,  and  2  inches  diameter,  per  dav,  in  averags 
hard  rock,  at  from  12  to  18  cents  per  foot.    Drillers  receive  higher  wages  than  common  labf  ~ 


Hard  Rock,  by  Wkeelbarrews. 

Labor  |1  per  day,  of  10  working  hours. 


Length  of 
Lead,  or  dis- 
tance to 
which  the 
rock  is 
wheeled. 

Number  of 

wheeled  per 

day  by  each 

barrow. 

Cost  per 
cubic  yard, 

in  place, 
for  loading, 
wheeling, 

and 
emptying. 

Total  eoct 

per  cubic 
yard, in 
place,  ex- 
elusive  of 
profit  to 
eontmctor. 

Length  of 
Lead,  or  dis- 
tance to 

which  the 
rock  is 

Number  of 
cubic  yards, 

in  plaoe, 

wheeled  per 

day  by  each 

barrow. 

Cost  per 

for  loading, 
wheeling, 

and 
emptying. 

Total  «Mt 
peronMc 
yard,  in 

plao«,  ex- 

elusive  of 
profit  to 

contraotor 

Feet. 

Cubic  Yds. 

Cents. 

Cento. 

Feet. 

Cubic  Yds 

Cents. 

Cents. 

25 

12.2 

8.64 

53.7 

600 

2.96 

85.5 

81.T 

50 

10.7 

9.81 

54.9 

700 

2.62 

40.1 

86.5 

75 

9.58 

11.0 

56.2 

800 

2.84 

448 

91.4 

100 

8.66 

12.1 

57.3 

900 

2.12 

49.5 

96.8 

150 

7.26 

14.5 

59.8 

1000 

1.94 

54.1 

101.1 

200 

6.25 

16.8 

62.2 

1/00 

1.65 

68.6 

115.0 

250 

5.49 

19.1 

64.6 

1400 

144 

72.9 

120.7 

800 

4.89 

21.5 

67.1 

1600 

1.28 

82.2 

130.4 

350 

4.41 

23.8 

69.5 

1800 

1.15 

91.5 

1401 

400 

4.02 

26.1 

71.9 

2000 

1.04 

100.8 

149.8 

450 

3.69 

28.5 

74.4 

2200 

.953 

110.2 

159.6 

500 

8.41 

80.8 

76.8 

2400 

.879 

119.5 

169  Jl 

Art.  15.  Removingr  roek  excaTatlon  by  e»rim»  A  cart-load  of 
rock  may  be  taken  at  ^  of  a  cubic  yard,  in  place.  This  will  weigh,  on  an  average. 
851 9)8 ;  or  but  41  fits  more  than  a  cart-load  of  average  soil.  Since  the  cart  itself  will 
weigh  about  ^  a  ton,  the  total  loads  are  very  nearly  equal  in  both  cases.  Cktlumns 
2  and  3  of  the  following  table  are  prepared  on  the  same  principle  as  for  earth,  as 
directed  in  Art.  4.  Ck)Tumn  4  is  made  up  by  adding  to  each  amount  in  column  Z, 
the  following  items:  For  blasting,  (and  for  eyerything  except  those  in  column  8; 
loading,  and  repairs  of  cart-road,)  45  cents  per  cubic  yard,  in  place;  for  loadinsL 
8  cents,  per  cubic  yard,  in  place ;  and  for  repairs  of  foad,  .2,  or  ^  of  a  cent  for  ea^ 
100-feet  length  of  lead.    Contractor's  profit  not  included.      ^^  . 

ngitizedbyLiOOgle 
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Hard  Bock,  by  Carta. 

Labor  $1  per  day,  of  10  working  honn. 


I^eogthof 

Kamlwrof 

Oo«t  p«r 

Total  ooit 
pep  cubic 

yard,  in 
place,  ex. 
elusive  of 

profit  to 
eontractor. 

Length  of 

Komber  of 

Codt  per 

Total  oort 
per  cuble 
jard,  in 
place,  ex- 
clusive of 
profit  to 
contractor 

Lead,  or  dl»-  IcnW-  -anl«. 

eabtoTATd, 
inpfaoe. 

f.ead,  or  dit 

cubic  jardd. 

cubic  yard. 

UDoe  to 

i-          u;\ 

tanee  to 

In  place, 

Irj  place,  for 

wbiota  th« 

b.-il-i    IBT 

for  h%xMng, 

which  the 

hauled  per 

hauling, 

rookti 

duy.hyeaob 

•n4 

rock  is 

day.  bT  each 

and 

hMtod. 

%mrt. 

•mptjtng. 

hauled. 

cart. 

emptying. 

VML 

CmMaTda. 

€«nu. 

CCDtt. 

Feet. 

OvMeTds. 

Oeote. 

CenM 

» 

lot 

8.51 

69.8 

1800 

5.00 

260 

81.8 

10 

18.S 

8.77 

58.9 

1900 

4.80 

28.0 

88.8 

75 

1T.8 

7.08 

80.8 

sooo 

4.88 

27.1 

84.1 

100 

17.1 

7.10 

80.5 

2260 

4.21 

29.7 

87.8 

ISO 

18.0 

7.81 

81.1 

2500 

8.87 

82.8 

90.S 

soo 

1S.0 

8.88 

81.7 

lA- 

8.70 

88.7 

•8.0 

•00 

18.S 

8.87 

88.0 

8.88 

87.5 

98.5 

400 

1?.0 

10.4 

84.8 

3860 

8.12 

40.1 

994 

600 

10.9 

11.5 

86.5 

8500 

2.92 

42.8 

1018 

•00 

100 

115 

88.7 

8760 

2.78 

46.8 

105.8 

YOO 

9.n 

18.8 

88.0 

4000 

2.81 

47.9 

ioe.» 

800 

ft.  57 

14.8 

89.8 

4860 

8.47 

50.8 

1111 

900 

Hjyo 

15.8 

70.4 

4600 

2.85 

68.2 

115.8 

1000 

7.50 

18.7 

71.7 

4750 

3.24 

bh.6 

118.> 

1100 

i.m 

17.7 

72.9 

5000 

2.14 

68.4 

121.4 

1100 

6.67 

18.7 

74.1 

Imtle 

8.04 

81.2 

124.8 

1800 

6.:iJ 

19.8 

75.4 

iM ;; 

1.87 

75.0 

141.8 

1400 

6.00 

an.8 

78.8 

1.41 

8H.8 

157.8 

IfiOO 

5.71 

81.9 

77.9 

IH  •' 

1.22 

102.5 

174.0 

1000 

5.43 

82.9 

7tt.l 

2      '« 

1.08 

n6..i 

190.4 

1T00 

5.W 

94.0 

80.4 

««■* 

.982 

IMo.U 

908.8 

»  ro«k  "  will  cost  about  8U  ct:i  per  yii  lees;  and  even  solid  rock  will 
MMTog*  about  10  eta  leaa  than  the  table*. 

Art.  16.  Removinic  roek  exeaTatfon  by  earn  and  lo4*oino« 
ilwe,  on  level  track.  Our  calculations  are  based  upon  the  following  assump- 
tions :  Trains  of  10  cars,  each  car  containing  1  cubic  yard  of  rock  measured 
in  place.  Average  speed  of  trains,  including  starting  and  stopning,  but  not 
Standing,  10  miles  per  hour  =  5  miles  of  Ceart  per  hour.  Labor  61  per  day  of 
to  working  hours.  Loosening,  45  cts  per  cubic  yard  in  place.  Loading,  8 
ct8  per  cubic  yard  in  place.  Cost  of  track,  for  interest  and  repairs,  fS  per 
day  per  mile  of  lead.  The  calculations  are  the  same,  in  principle,  as  those 
in  Art.  13. 

Hard  Roek,  by  Cars  aisd  liocomotlve. 

Labor  fl  per  day  of  10  working  hours. 

Length  of  lead,  or  distance  to  which  the  rock 

is  hauled ^ ~ miles        18        5         7 

Number  of  cubic  yards,  in  place,  hauled  per 

day  by  each  train 2900     1800     800      600 

Ck>8t,  per  cubic  yard  in  place,  for  hauling, 

dumping,  and  returning cents        .6        1.7      3.5      5.7 

Total  cost,  per  cubic  vara  in  place,  exclusive 

of  contractor's  profit cents     53^      54.7     56.5     58.7 


10 
400 
10.8 
63.8 
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TUNNELS. 

Tannels  for  railroads  should,  if  possible,  bo  stralfrli^  «bp^ 
cially  when  there  is  but  a  single  track :  inasmuch  as  collisions  or  other  acddenti 
in  a  tunnel  would  be  peculiarly  disastrous.  A  tunnel  will  rarely  be  expedient 
before  the  depth  of  cutting  exceeds  60  feet.  Firm  rock  of  moderate  hardness, 
and  of  a  durable  nature,  is  the  most  favorable  Hiatorial  for  a  tunnel ; 
especially  if  free  from  springs,  and  lying  in  horizontal  strata.  In  soft  rock,  or 
in  shales  (eren  if  hard  and  firm  at  first),  or  in  earth,  a  lining  of  hard  briek  or 
masonry  in  cement,  is  necessary.  A  tunnel  should  hsTe  a  nado  or  imcll* 
nation  in  one  direction,  for  ease  of  future  drainage  and  ventilation.  No 
special  arrangement  is  essential  for  TenMlation  either  during  construction, 

€r  aftHr,  if  the  length  does  not  exceed  about  1000  feet;  but  beyond  that,  ffen« 
rally  during  construction  either  shafts  are  resorted  to,  or  menns  providea  for 
forcing  air  into  the  tunnel  through  pipes  from  its  ends.  But  after  the  work  it 
finish^,  except  under  peculiar  circumstances,  nothing  of  the  kind  is  necesaary. 
Shafts  often  draw  air  downwards;  and  frequently,  even  when  aided  by  a  steeps 
uniform  grade,  do  not  secure  ventilation.  The  Mon^  Genis  tunnel  under  the 
Alps,  completed  in  1871,  is  7}4  miles  long,  and  has  no  shafts,  although  it  grades 
up  from  each  end,  which  is  tne  most  unfavorable  of  all  conditions  Tor  ventila- 
tion without  shafts.  It  was  made  so  for  fttcilitating  drainaga  lu  ventilation 
is  maintained  by  air  forced  in  from  the  ends.  The  Hoosae  tunnel,  Mass,  4^ 
miles  long,  has  shafts :  one  of  them  1080  feet  deep :  but  they  were  for  expediting 
the  work.  Sliafts  ^genermllj  eost  from  IMtoZ  times  aa  much  per  cubic 
yard  as  the  main  tunnel,  owing  to  the  greater  dOlculty  of  excavating  and  re> 
moving  the  material,  and  ffetting  rid  of  the  water,  all  of  which  must  be  dons 
by  hoisting.  When  through  earth,  they  must  be  lined  as  well  as  the  tunnel; 
and  the  lining  must  usually  be  an  under-pinning  process.  Or  the  lining  mar 
first  be  built  over  the  intended  shaft,  and  then  sunk  by  underntining  it  grad« 
ually.  Their  sectional  area  commonly  varies  from  about  40  to 

100  square  feet  They  have  the  great  advantage  of  expediting  the  work  by  in- 
creasing the  number  of  points  at  which  it  can  oe  carried  on ;  but  if  placed  too 
close  togethor,  their  cost  more  than  compensates  for  this.  The  air  in  somo 
tunnels,  while  beinff  constructed,  is  much  more  foul  than  in  others;  so  that 
after  the  work  has  oeen  commenced,  shafts  with  forced  air  may  be  expedient 


where  they  were  not  anticipated.  In  excavating  the  tunnel  itself,  a  taeadlmr 
or  passage-way,  6  or  8  feet  high,  and  8  to  12  feet  wide,  is  driven  and  maintainea 
a  short  distance  (10  to  100  feet,  or  more,  according  to  the  firmness  of  the  ma- 


terial) in  advance  of  the  main  work.  In  rock,  the  heading  isjnst  below  tho 
top  of  the  tunnel,  so  that  the  men  can  conveniently  drill  holes  in  its  fioor  for 
blasting;  but  In  earth,  the  heading  if  driven  along  the  bottom  of  the  tunnoL 
that  being  the  most  convenient  for  enlarging  the  aperture  to  the  full  tunnel 
size,  by  undermining  the  earth,  and  letting  it  fall.  In  earth,  the  top  and  sides 
of  the  heading,  as  well  as  of  the  tunnel,  must  be  carefully  prevented  from 
caving  In  before  the  lining  is  bailt ;  and  this  is  dono  by  means  of  rows  of  verti* 
cal  rough  timber  props,  and  horizontal  oaps  or  overhead  pieces,  between  which 
tand  the  earth  rough  boards  are  placed  to  form  temporary  supporting  sides  and 
ceiling  to  the  excavation.  The  props  and  caps  are  placed  first ;  and  the  boards 
are  then  driven  in  between  them  and  the  earthen  sides  of  the  excavation. 
These  are  gradually  removed  as  the  lining  is  carried  forward.  The  llnlnir* 
when  of  brick,  is  usually  from  2  to  8  bricks  thick  (17  to  26  inches)  at  bottom, 
and  from  1^  to  2)4  bricks  thick  at  top;  and  when  of  rough  rubble  in  cement, 
about  half  again  as  thick.    It  is  imnortant  that  the  bricks  or  stone  should  bo 


of  excellent  hard  quality,  and  laia  In  good  cement.  The  bricks  should  bo 
moulded  to  the  shape  of  the  arch.  As  the  lining  is  finished  in  short  lengths, 
and  before  the  centers  are  removed,  any  eaTltles  or  TOlds  between  it  ana 


the  earth  should  be  carefully  and  compactly  filled  up.  Even  in  rock,  if  much 
fissured,  or  if  not  of  durable  character,  as  common  shale,  lining  is  necessary. 
Tbe  eross^eetlon  of  a  single-track  railroad  tunnel,  in  the  clear  of  evorr* 
thing,  and  for  cars  of  11  feet  extreme  width,  should  not  be  le*t  than  about  15 
feet  wide,  by  18  feet  high ;  nor  a  double-tracK  one,  less  than  27  feet  wide,  by  34 
feet  high ;  unless  in  the  last  case  ^he  material  is  firm  rock,  in  which  a  high  arch 
is  not  necessary  for  lining.  The  roof  may  then  be  roucli  flatter,  so  that  a  height 
of  20  feet  may  answer,  with  cars  of  10  feet  extreme  width,  the  width  of  tho 
tunnel  may  be  reduced  to  25  feet;  or  with  9  feet  cars,  to  28  feet.  Many  havo 
been  made  22  feet.  The  Mont  Cenis  is  26  feet  wide,  by  25  hit^h.  The  rate  ot 
dally  progress  from  eaeh  face  of  a  tunnel  varies  from  18  inches  to  9  feet  of 
length  per  24  hours,  with  three  relays  of  workmen.  On  the  Mon(  Cenis  tho  m> 
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tramet  were  alxrat  4  to  9  feet  dafly  for  a  whole  year,  from  each  fiace.  Drfllv 
worked  by  comprcwed  air  were  emplored  in  the  headlDgs,  which  were  12  feet 
wide  by  S  feet  bieb.  Ordinarily,  from  l^  to  3  feet  may  be  taken  as  arerages. 
Tbedifforenee  of  rate  of  pro^n^ss  between  a  single  and  a  double  track  tunnel 
is  not  so  great  as  might  be  supposed  ;  inasmuch  as  a  larger  force  can  be  era> 

SlOTed  on  the  wider  one.  If  the  tunnel  is  in  earth,  the  construction  of  the 
nlng  about  makes  up  for  the  slower  excavation  of  one  In  rock.  In  rock,  with 
labor  at  $1  per  day,  tbe  cost  will  usually  vary  with  the  character  of  the  rock, 
firom  $2  to  $S  per  cubic  yard  for  the  main  tunnel;  and  from  $3  to  $10  for  the 
heading;  while  shaftH  will  average  about  50  per  cent,  more  than  heading.  The 
eoit  of  a  single-track  tunnel,  when  coramon  labor  is  $1  per  day,  will  generally 
range  between  $80  and  S75  per  foci  of  length.  Tunnel  work,  however,  is  liable 
to  serious  contingencies  which  cannot  be  foreseen.  Since  the  sides  and  roof  are 
rough  as  blaatecTthe  width  and  height  should  each  be  estitnated  to  the  con- 
tractor aa  about  \8  Inches  or  2  feet  greater  than  the  established  clear  ones.  Al 
■  any  rate,  the  mode  of  measurement  should  be  clearly  statetl  in  the  speciflcationi 
Ibr  the  work.  When  a  tunnel  is  made  with  a  uniform  grade,  the  work  gen- 
erallr  progresses  in  a  more  satisfactory  manner  from  the  lower  end,  because 
the  descent  favors  the  drainage  of  the  spring  water  that  is  usually  met  with; 
whereas,  at  the  upp<>r  end,  it  must  be  removed  by  pumps  or  by  bailing.  The 
upper  end  has,  however,  the  advantage  of  sooner  getting  rid  of  the  stnoke  in 
blasting.  Before  commencing  a  tunnel,  or  even  deciding  upon  one,  trial 
•liafta  should  be  sunk  to  ascertain  the  nature  of  the  material.  In  loog  ones, 
the  greatest  care  ai>d  accuracy  are  necessary  for  preserving  the  line  of  direc- 
tion, so  that  the  work  from  both  ends  shall  meet  properly  at  the  center. 

In  the  heading  of  the  Vosburg  (Pa)  tunnel  of  the  Lehigh  Valley  R  R,  built 
1884,  crOM-section  Vi;  fppt  x  26  feet,  the  average  progress  per  working 
dar  of  24  hours  witfi  tvvu  ihiiu  ui  i2  hours  each,  wai  a,3  iV.luws;  by  hand 
drilling  2.8  feet  and  2.4  feet  respectlTely  from  each  end ;  by  machine  drills 
(two  rlTal  drills  in  competition)  ff.6  feet  and  7.8  feet.  The  material  was  hard 
gray  sandstone.    For  the  whole  tunnel  the  rate  was  about  2  feet  per  day. 

For  fhrther  information  respecting  tunnels,  the  reader  is  referred  to  Mr. 
B.  8.  I>rinker's  rery  fiill  treatise  on  tbe  subject,  published  by  the  Messrs  Wilef. 


TBESTLES. 


JIM  1,  S;  8, 6,  fl,  7,  are  elewatfons  of  treiitl«fl  %  taken  aeroes  the  traek  or 
voadway.    We  may  consider  Fig  1  as  adapted  to  a  height  of  about  10  to  20  ft :  Fics  1 


814  TBBSTLES. 

Uid8,tohei|^tsft'om20to30ft;  fig  5,  from  80  to  40  ft :  Fig  6,  from  40  to  4)0  II;  M 
rough  approximations  merely.  A  single  framework,  such  as  that  shown  in  each  d 
these  six  figurev,  is  called  a  "l>eot/*  These  bents  of  course  admit  of  many  modifi- 
cations. Tiiey  are  usually  supported  by  bases  of  masoury,  as  in  the  figures.  These 
S reserve  the  lower  timbers  from  contact  with  the  earth,  which  would  hasten  their 
ecay.  It  is  udTisable  to  make  these  bases  high  enough  to  prevent  injury  from  cattle, 
or  passing  vdiicles,  Ac.  Up  to  heights  of  about  40  or  50  ft,  a  single  row  of  posts  or  up* 
rights,  a,  a,  a,  Figs  1  to  0,  as  shown  at  e  «  under  Figs  1  and  6,  will  answer.  But  as  the 
height  becomes  greater,  more  posts  should  be  introduced,  as  shown  at «  «  under  Fig 
6;  or  two  entire  rows  of  them ;  or  three  rows,  as  under  Fig  7 ;  and  as  also  in  Fig  1^ 
which  is  an  end  view  of  Fig  7.  Figs  7  and  8  bear  much  resemblance  to  the  trestles 
190  ft  high,  with  masonry  bases  80  ft  high  (S.  Seymour,  0.  £.),  which  carried  the 
Krie  Rway  (now  the  N  Y,  Lake  Erie  k  West'n  R  R)  over  the  Ocnesee  River  at 
PortafTC^  H  T.  There  each  bent  had  21  posts  U  ins  square,  at  its  base ;  and  16 
posts  of  12  X 12,  at  its  top.  The  other  timbers  were  6  X 12 ;  many  of  them  were  in 
pairs,  embracing  the  posts.  This  single-track  viaduct  was  begun  July  1, 1861,  an4 
completed  Aug.  14, 1852.  It  contained  1,602,000  ft  (B  M)  of  timber,  and  108,8«S  lbs 
of  iron.  In  the  foundations  were  9200  cub  yds  of  masonry.  The  entire  cost  waa 
about  $140,000.  It  was  burned  down  in  1875,  and  was  replaced,  in  less  than  3  mos, 
with  a  sitigle-track  viaduct  of  wronarlit-lroii  trestles,  containing,  in 
all,  1,340,000  lbs  of  iron,  and  130,600  ft  (BM)  of  timber;  and  costing,  complete, 
above  the  masonry,  about $95,000.  Frequently  the  posts  of  trestles  are  in  pairs; 
and  the  other  timoers  pass  between  ;  all  bolted  together. 

In  Fig  4,  the  posts  a,  a,  a,  are  end  views  of  three  trestles  or  bents,  such  as  Fig  3; 
and<<  are  diag  braces  extending  from  trestle  to  trestle;  the  two  outer  ones  inclining 
in  one  direction ;  and  the  central  one  crossing  them.  These  may  be  placed  either 
intermediate  of  the  posts,  as  in  Fig  3 ;  with  the  heads  of  the  two  outer  ones  confined 
to  the  cap  c  c  of  one  trestle;  and  their  feet  to  the  sill  yyot  the  next  one;  or  they 
may  all  be  spiked  or  bolted  to  the  posts  themselves,  as  In  Fig  4.  The  last  is  the  best, 
as  it  serves  also  directly  to  stiffen  the  posts:  as  do  also  the  braces  oo^nn^  Fig  2. 
Such  bracing  is  too  frequently  omitted.    During  the  passage  of  trains,  the  backward 

Sreesure  of  the  steam,  exerted  through  the  driving  wheels  against  the  track,  pro- 
aces  a  serious  strain  lengthwise  of  the  road,  and  tending  to  upset  the  trestles;  and 
the  sudden  application  of  brakes  to  a  moving  train,  produces  a  similar  strain  In  the 
opposite  direction.  These  strains  become  more  dangeroun  as  the  ht  increases.  Heoos 
the  need  for  such  braces.  Usually  the  outer  posts  may  lean  \A  to  2.5  ins  to  aft. 

The  posts  should  not  be  less  than  about  12  ins  square,  except  in  quite  low  trestles ; 
and  even  then  not  less  than  about  10  X 10*  The  diag  bracing  may  generally  be  about 
as  wide  as  the  posts ;  and  half  as  tliick.  The  dist  apart  of  the  bents,  when  the  road* 
way  is  supported  by  simple  longitudinal  beams,  should  not  exceed  10  or  12  ft,  for 
railroads.  But  if  these  beams  receive  support  from  braces  beneath,  like  st,  Fig  8 :  or 
from  iron  truss  rods,  the  dist  may  be  extended  to  16  or  20  or 

more  (I.  But  when  the  trestles  become  very  high,  and  contain  a  great  deal  of  tim« 
ber,  it  becomes  cheaper  to  place  them  farther  apart,  say  30  to  60  ft;  and  to  ean^ 
the  railway  upon  regular  framed  trusses,  as  at  t<t«,  Figs  7  and  8 ;  as  in  a  bridge  with 
stone  piers.    In  the  Genesee  viaduct,  the  trestles  were  60  ft  i4>art,  center  to  CMiter. 

When  such  a  trestle  as  Fig  8  becomes  very  narrow  in  proportion  to  its  height,  we 
may  add  to  its  stability  by  introducing  beams  to,  extending  from  trestle  to  trestle; 
and  still  further  by  inserting  diag  braces  v  o,  as  in  the  old  Genesee  viaduct. 

As  far  as  prncticable,  arrange  the  pieces  so  that  any  one  may  be  removed  if  it 
becomes  decayed ;  and  another  put  in  its  place. 

On  curves,  additional  strength  should  be  giv^  on  the  convex  side;  as  8Ug« 
gested  by  the  dotted  lines  in  Fig  5.  On  vei7  high  trestles  especially  (as  well  at 
on  bridges),  wheel-guards,  g  g^  Fig  10,  either  inside  or  outside  of  the  raila, 
fihould  never  be  omitted. 

In  marshy  grownd^  piles  may  be  driven  to  support  the  trestles;  or  may  be  left  so 
far  above  ground,  as  themselves  to  constitute  the  posts.  Such  trestles  may  often  be 
used  advatitageously,  even  when  to  be  afterward  filled  in  by  embkt.  They  then  sus- 
tain the  rails  at  their  proper  level  until  the  embkt  has  reached  it:  final  settlement. 

They  are  generally  used  to  avoid  the  expense  of  embkt;  especially  when  earth  can 
only  be  obtained  from  a  great  dist.  Even  when  earth  and  timber  are  equally  con- 
venient, they  will  rarely  much  exceed  about  half  the  cost  of  embkt;  even  when  but 
about  30  ft  high ;  but  owing  to  their  liability  to  decay,  they  should  be  resorted  to 
only  in  case  of  necessity ;  or  as  a  temporary  expedient. 


y  Google 


BAILROAD  CONSTKUCnON. 


815 


BAIiliAST. 
Table  of  eiiM«  yards  of  ballast  per  nftlle  of  road. 

8id»«lop«  of  the  ballast  1  to  1.  Width  in  clear  between  2  track*  6  ft.  The  tiee 
and  rails  may  be  laid  first,  for  carrying  the  ballast  along  the  line ;  then  raised  a 
few  ft  of  length  at  a  time,  and  the  ballast  placed  under  them.  Deduct  fbr  ties* 

as  below.  « 


"IS"' 

Id*. 

Top  width, 
SwttLB  Tbaok. 

DovBLs  Tbaok. 

10  Ft. 

U  Ft. 

12  Ft. 

21  Ft 

22  Ft. 

28  Ft. 

12 
18 
M 
80 

Cub.  T. 
2152 
3«74 
4694 
6111 

Cub.  T. 

2347 
S6«7 
5065 
6600 

Cub.  Y. 
254.3 
3980 
547* 
7087 

Cub.  T. 
4308 
6600 
8996 

11490 

Cub.  Y. 

4499 
6894 

9888 
11980 

Cub.  Y. 
4695 
7188 
9780 
12470 

A  laaa  can  br«ah:  3  to  4  cnbic  yards  per  day.  of  hard  quarried  stone  to  a  sIm 
mitable  for  ballast:  say  averaging  cubt-s  of  3  ioches  on  an  edge.  Where  other 
ballast  cannot  be  had,  hard-burnt  clay  is  a  good  substitute.  Thn  slag  from  iron 
ftimacee  is  excellent  The  ties  decay  more  rapidly  when  graxel  or  sand  is  used 
instead  of  broken  stone,  becanse  these  do  not  drain  off  the  rain,  but  keep  the  ties 
damp  longer. 


TIES. 

In  the  United  States  the  life  of  a  tie  is  about  as  follow! : 


Arwge, 

ATtnge, 

Year.. 

Ywtr.. 

Yewt. 

Y«an. 

Chestnut, 

6  to  12 

7 

White  Oak. 

5tol2 

7 

Cedar, 

6  to  16 

9 

Spruce  Pine, 

4  to   7 

6 

Hemlock, 

3to    8 

6 

It  will  often,  especially  in  the  case  of  the  softer  and  more  perishable  woods,  be 
true  economy  to  preserve  ties  by  the  injection  of  creosote.  Creosote 

preserves  the  spikes. 

The  writer  believes  that  most  of  the  fault  usually  ascribed  to  cross-ties,  as  well  as 
to  rail-Joints,  is  in  reality  due  to  imperfect  drain^e  of  the  roadbed.  Hence,  he  does 
not  agree  with  those  who  advocate  vert  long  nxa ;  but  considers  that  with  good 
ballast,  on  a  well-drained  roadbed,  8^^  ft  is  as  good  as  more;  and  that  S^/^ft,  by  9 
ins,  by  7  ins;  and  2V^  ft  apart  from  center  to  center,  is  sufficient  for  the  heaviest 
traffic.  On  many  important  roads  they  are  but  8  ft ;  and  on  some  only  1}£  ft  long ; 
track  4  ft  8J^.  On  narrow-gauge  roads  the  ties  are  generally  from  0  to  7  ft  long. 
The  actual  cost  op  cutting  down  thk  trees,  lopping  off  the  branches,  and  hewing 
the  ties  ready  for  hauling  away  to  be  laid,  is  about  6  to  9  cts  per  tie,  at  $1.75  per 
day  per  hewer. 

The  narrow  bases  of  rails  resting  immediately  on  the  cross-ties,  without  chairs, 
frequently  produce  in  time  such  an  amount  of  crushing  in  the  ties  as  to  injure  them 
materially  even  before  decay  begins.  Bumetised  ties  rust  the  spikes  away  rapidly. 
Greoooted  ones  preserve  them. 

Croas-tlea  of  8^  feet,  by  9  inches,  by  7  inches,  contain  3.719  cubic  feet  each ; 
and  if  plaoed  2^  feet  apart  from  center  to  center,  there  will  be  2112  of  them  per 
mile,  amounting  to  291  cubic  yards.  Therefore,  if  they  are  completely  embedded 
in  the  ballast^  they  will  dimiuish  its  quantity  by  that  amount.  At  2  f^et  apart  there 
will  be  2640  of  them,  occupy iag  364  cubic  yards ;  and  at  3  feet  i^;Mirt,  1760  of  them; 
tll3  cubic  yards. 
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RAILBOAD  TIES. 


Cable  feet  eentalned  in  croM-tles  of  dUV^rent  slaes. 


DimeoaloDS. 

CouteDts. 

DimeoBioas. 

Contents. 

Ft    Ins.    los. 

Cub.  Ft. 

Ft    Ins.   Ins. 

Cub.  Ft 

8     by  8  by  6 

2.667 

•   8i^  by  10  by  7 

4.132 

8          9       6 

8.000 

8V2       10       8 

4.722 

8          9       7 

8.500 

9H       12       8 

5.667 

8         10       6 

8.383 

9            8       6 

8.000 

8         10       7 

3.889 

9            9       6 

8.375 

8         10       8 

4.444 

9            9       7 

a938 

8         12       8 

5.833 

9          10       6 

8.750 

8>^       8       6 

2.833 

9          10       7 

4.875 

8H       9       6 

8.188 

9           10       8 

5.000 

8iJ       »       7 

8.719 

9           12       8 

6.000 

^     10       6 

8.542 

TIE   PIRATES. 

Where  the  rails  bear  directly  upon  the  ties,  the  great  nnit  pressure  of  the 
narrow  rail  base,  the  churning  action  of  the  rail  under  passing  wheels,  and  the 
hastening  of  decay  by  the  bruising  of  the  wood  fibres,  cause  rapid  wear  of  the 
tie  iuimcMiately  under  the  rail. 

Among  prominent  forms  of  tie  plates  are  the  Serris,  the  Goldie,  the  Churob* 
ward,  and  the  Wolhaupter. 


Skrvis. 


Goldie. 


All  consist  essentially  of  a  flat  iron  or  steel  plate,  laid  on  the  tie  immediately 
under  the  rail.  Spikes,  holding  the  plate  and  the  rail  in  place,  are  driven  into 
the  tie  through  holes  in  the  plate,  l^early  all  successful  forms  have  two  or  more 
ribs  on  the  lower  side.  These  ribs  stiffen  the  plate,  but  their  principal  use  is, 
by  cuttine  into  the  upper  face  of  the  tie,  to  prevent  motion  of  the  plate  and  con- 
sequent abrasion  of  the  tie.  In  some  forms  the  ribs  run  across  the  fibres  of  the 
tie ;  but  ribs  running  ivith  the  fibres,  as  in  the  Scnrvis  plate,  are  usually  pro- 
ferred,  as  being  more  easily  imbedded,  more  difficult  to  displace,  and  less  in- 
jurious to  the  nores.  Most  forms  have  also  a  shoulder  on  the  upper  side,  to  assist 
the  spikes  in  preventing  spreading  of  the  rails,  and,  in  some  cases,  to  act  as  a 
rail  brace ;  but  this  shoulder  is  seldom  considered  essential. 

Tie  plates  ereatlv  lengthen  the  life  of  the  tie.  On  curves  and  bridges  the  say- 
ing in  a  number  of  cases  has  been  estimated  at  50  per  cent,  in  cost,  and  60  to  76 
per  cent,  in  labor.  The  tie  plate  has  often  displaced  small  gangs  of  men  whose 
sole  duty  It  was  to  replace  ties. 

Tie  plates  cost  from  6  to  15  cents  each ;  and  pladng  theoa  costs  fh>m  ^  to  1>^ 
cents  each. 

Most  roads  use  tie  plates  only  under  rail  Joints;  on  cnrves,  heavr  grades, 
bridges,  and  trestles;  in  tunnels  where  there  is  much  dampness;  at  switches,  at 
stations,  and  at  street  and  road  crossings ;  in  yards ;  and  where  sand  is  much 
used  by  the  locomotives. 
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Table  of  Middle  Ordloates,  to  be  mad  for  the  bending  of  rails  of  different 
lengths,  so  as  to  form  portions  of  curves  of  different  radii.  Ordinates  for  lengths 
or  radii  intermediate  of  those  In  the  table,  may  be  found  by  simple  propoition. 


ZiSKQTHS  or  BAIXiS. 

Def. 

Aug. 

BKdlUS. 

30 

28 

30 

24 

22 

20 

IH 

10 

14 

12 



Feet. 

10 

8 

e 

Deg. 

Feet. 

Feet. 

Feet. 

Fe«t. 

Feeu 

Feet. 

Feet. 

Feet. 

F^t' 

Feet. 

Feet. 

Feet. 

F^t 

.5 

11460. 

.010 

.008 

.006 

.005 

.001 

.004 

.003 

.002 

.002 

.001 

.001 

.000 

.000 

1. 

5730. 

.020 

.016 

.013 

.011 

.009 

.008 

.006 

.005 

.004 

.003 

.002 

001 

.001 

1.5 

3820. 

.029 

.026 

.021 

.018 

.016 

.013 

,010 

.008 

.006 

.004 

.003 

.002 

.001 

2. 

2865. 

MH 

.034 

.029 

.025 

.021 

.017 

.014 

.011 

.008 

.006 

.004 

.003 

.001 

2.5 

2392. 

.049 

.043 

.037 

.031 

.027 

.022 

.018 

.014 

.010 

.007 

.005 

.003 

.002 

.H. 

1910. 

.058 

.051 

.044 

.0;i7 

.031 

.026 

.022 

.017 

,012 

.009 

.006 

.004 

.002 

3.5 

1637. 

.070 

.061 

.052 

.0i3 

037 

.031 

.025 

.020 

.016 

,011 

.008 

.005 

.008 

4. 

1433. 

.079 

.069 

.060 

.050 

.042 

M5 

.029 

.023 

.018 

.013 

.009 

.006 

.009 

4.» 

1274. 

.088 

.077 

.067 

.056 

.->47 

.039 

.032 

026 

.020 

.015 

.010 

.007 

.004 

0. 

1146. 

.099 

.086 

.074 

.063 

.053 

.044 

.035 

.0'29 

.022 

.016 

.011 

.007 

.004 

5.5 

1042. 

.108 

.094 

.082 

.070 

.059 

.048 

.039 

.032 

.024 

.018 

.012 

.008 

.004 

6. 

955.4 

.117 

.102 

.088 

.076 

.064 

.052 

Ml 

.034 

.026 

.019 

.013 

.008 

.006 

6.5 

882. 

.1-18 

.112 

.097 

.082 

.069 

.057 

.046 

.037 

.028 

.021 

.014 

.009 

.005 

7. 

819. 

.137 

.120 

.104 

.088 

.074 

.061 

.049 

.039 

.030 

.022 

.015 

.010 

.005 

7.5 

764.5 

.146 

.127 

.111 

.094 

.079 

.066 

.053 

.042 

.032 

.024 

.016 

.010 

.006 

8. 

716.8 

.158 

.137 

.119 

.100 

.085 

.070 

.056 

.045 

.034 

.025 

.017 

.011 

.006 

8.5 

674.6 

.166 

.145 

.126 

.106 

.090 

.074 

.060 

.048 

.036 

.027 

.018 

.Ot2 

.007 

9. 

637.3 

.175 

.153 

.133 

.112 

.0»5 

.078 

.063 

.050 

.038 

.029 

.019 

.012 

.007 

9.5 

603,8 

.187 

.163 

.141 

.119 

.101 

.063 

.067 

.054 

.042 

.031 

.021 

.013 

.ooe 

10 

573.7 

.196 

.171 

.148 

.125 

.106 

.087 

.071. 

.057 

.045 

0B2 

.622 

.014 

.008 

11 

521.7 

.216 

.1H8 

.163 

.139 

.117 

.096 

.078 

.063 

.049 

.036 

.024 

.016 

.009 

» 

478..3 

.236 

.206 

.179 

.151 

.128 

.105 

.085 

.069 

.053 

.039 

.026 

.017 

.010 

13 

441.7 

.254 

.222 

.192 

..163 

.138 

.113 

.092 

.075 

.057 

.042 

.028 

.019 

.010 

14 

410.3 

.275 

.239 

.207 

.175 

.148 

.122 

.099 

.080 

.061 

.045 

.030 

.020 

.011 

15 

383.1 

,295 

.257 

.223 

.188 

.159 

.131 

.106 

.085 

.065 

.049 

.033 

.021 

.012 

16 

S59.3 

.313 

.273 

.236 

.200 

.170 

.139 

.113 

.091 

.070 

.052 

.035 

.(/23 

.013 

17 

338.3 

.333 

.290 

.252 

.213 

.180 

.148 

.120 

.096 

.074 

.055 

.037 

.024 

.014 

18 

319.6 

.351 

..106 

.265 

.225 

.190 

.156 

.127 

.102 

.078 

.058 

Mi) 

.025 

.014 

19 

302.9 

.371 

.324 

.2B0 

.238 

.201 

.165 

.134 

.108 

.082 

.061 

.041 

.027 

.016 

30 

287.9 

..W2 

.341 

.296 

.250 

.212 

.174 

.141 

.114 

.087 

.066 

.044 

.02K 

.016 

21 

274.4 

.410 

.357 

.309 

.262 

.222 

.182 

.148 

.120 

.091 

.069 

.046 

.030 

.017 

n 

262. 

.430 

.375 

.325 

.275 

.233 

.191 

.155 

.126 

.OWi 

.072 

.048 

.031 

.018 

n 

250.8 

.450 

.390 

.;«8 

.287 

.243 

.199 

.162 

.131 

.100 

.075 

.050 

033 

.019 

24 

240.5 

.469 

.408 

.354 

.299 

.253 

.208 

.169 

.137 

.104 

.078 

.052 

.034 

.019 

25 

231. 

.486 

.424 

.367 

.311 

.263 

.216 

.176 

.142 

.108 

.081 

.(te4 

.035 

.090 

241 

222.3 

.506 

.441 

.382 

.323 

.274 

.225 

.183 

.148 

.n2 

.084 

.056 

.037 

.021 

27 

2142 

.524 

.457 

.396 

.335 

.284 

.2.33 

.190 

.153 

.116 

.087 

.058 

.038 

.022 

t8 

2067 

.545 

.475 

.411 

.348 

.■2M 

.242 

.197 

.15K 

.120 

.090 

.060 

.039 

.(M 

39 

199.7 

.564 

.491 

.424 

.361 

.308 

.250 

.«, 

.163 

.124 

.093 

.062 

.(HI 

.023 

RAILS. 


Tong  (2240  fbs.)  of  rail        , .   ^  weight  of  rail     /.--.♦'k 
p«r  mUe  of  siogle  tra^k  ""  Y  >^  in  lbs.  per  yard.  V*"**' 
Brery  sq  inch  of  sectional  area  of  rail,  corresponds  to  10  fts  per  yard  of  a  singid 
rail ;  or  to  15.7143  tons  per  mile  of  single-track  road.    Consequently, 


Wt  in  ftg  per  yd  of  rail, 
10 


Wt  in  tons  per  mile 
of  single-tmck 
'  15.7143 


Area  of  rail 
in  sq  ins. 


Thus,  a  rail  of  100  tons  per  mile  of  single  track,  will  have  a  section  of  6.304  sq 
ins ;  and  will  weigh  03.64  lbs  per  yd  of  single  rail.  Add  for  turnouts,  sidings,  road- 
crossings,  and  a  trifle  Ibr  waste  in  cutting.  When  the  ties  are  in  place,  and  the  rails 
distributed  in  piles  at  short  InterTals,  a  gang  of  6  men  Can  lay  ^  a  mile  of  rails  per 
day,  of  Single  track;  or  after  the  ballast  is  in  place,  a  gang  of  16  men  will  lay  about 
crhe  mfle  of  complete  single-track  superstructure  per  week. 

Steel  rails  last  from  9  to  25  years ;  average  15  years. 
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RAIMKOAD  SPIKES. 


The  liook-lieaded  spikes  <,  commonly  used  for  confining  rails  to 
he  cross-ties,  vary  within  the  limits  of  the  following  table :  the  lightest 
ones  for  light  rails  on  short  looad  branches ;  and  the  heaviest  ones  for 


heavy  rails  on  first-class  roads.  The  spikes  are  sold  in  kegs  usually  of 
150  VbB.  For  the  weight  of  spikes  of  larger  dimensions,  we  may  near 
enough  take  that  of  a  square  oar  of  the  same  lengtii.  What  is  saved  at 
the  point  suffices  for  the  addition  at  the  head. 


Sise  in  ins. 
Length,  l  Side. 


5  X 

6  X 
5  X 

5  X 

6  X 


No.  per  keg 
of  160  9)8. 


400 
705 
488 
890 
295 
267 


No.  per 
100  Sw. 


860 
266 
470 
825 
260 
197 
171 


Sise  in  ins. 
Length.!  Side. 


No.  per  keg 
of  160  lbs. 


289 
218 
810 
262 
196 


Neper 

100  n>s. 


288 
198 
146 
207 
175 
180 


A  mile  of  siiiirle-traelK  road,  with  2640  cross-ties.  2  feet  apart  Arom 
center  to  center;  aiKl  with  rails  of  the  ordinary  length  of  80  feet,  or  fifteen  ties 
to  a  rail;  will  have  352  rail-joints  per  mile;  and,  with  4  spikes  to  each  tie,  will 
require  10660  spikes,  or  nearlv  87  kegs  (5500  lbs.)  Of  5W  X  Ai  a  *^  ^n  very  com- 
mon use,  which  weighs  a  trine  more  than  V^  lb.  per  spike. 

But  an  allowance  must  be  made  for  rail-guards  at  road-crossings,  which  we 
may  assume  to  be  30  feet  wide,  or  the  length  of  a  rail.  A  guard  will  usuallv  con- 
sist of  4  extra  rails  for  protecting  the  track-rails,  and  spiked  to  the  15  ties  by 
which  said  track-rails  are  sustained.  Consequently  such  a  crossing  requires 
15  X  8  =  120  spikes.  For  turnouts,  sidings,  loss,  etc.,  we  may  roughnr  average 
700*  spikes  more  per  mile:  thus  nuucing  in  all  (if  we  assume  one  roaa-crossing 


160  lbs. 

AdbeMioii  of  Spikes.  Professor  W.  R.  Johnson  found  that  a  plain  spike 
.375,  or  %  inch  square,  driven  8^  ins.  into  seasoned  Jerney  yellow  pine  or  un- 
seasoned chestnut,  required  about  2000  lbs.  force  to  extract  it;  firom  seasoned 
white  oak,  about  4000 ;  and  from  well-seasoned  locust,  about  6000  lbs.  Bevan 
found  that  a6-penny  nail,  driven  one  inch,  required  the  following  forces  to  ex- 
tract it :  Seasoned  beech,  667  lbs;  oak,  507 ;  elm,  827 ;  pine,  187. 

Very  careful  experiments  in  Hanover,  Germany,  by  Engineer  Funk 
give  from  2465  to  3940  lbs.  (mean  of  many  experimenta,  about  3000  Iba.), 
as  the  force  necessary  to  extract  a  plain  ^  inch  square  iron  spike,  6 
inches  long,  wedge-pointed  for  1  inon  (twice  the  thickness  of  the  spike). 


I 


and  driven  A}4  inches  into  white  vr  yellow  pine.  When  driven  5  inches, 
the  force  required  was  about  ^  part  greater.  Similar  spikes,  ^  inch 
square,  7  inches  lonsr,  driven  6  inches  deep,  required  from  8700  to  6745 
lbs.  to  extract  them  from  pine ;  the  mean  of  the  results  belns  4878  K)s. 
In  all  cases  about  twice  aa  much  force  was  required  to  extra^a  themfirom  oak.  The 
spikes  were  all  driven  across  the  grain  of  the  wood.  Experience  shows  that  when 
driven  with  the  grain,  spikes  or  nails  do  not  hold  with  much  more  than  half  as 
much  force. 

Jagged  spikes,  or  twisted  ones  (like  an  auger),  or  those  which  were  either 
swellra  or  diminished  near  the  middle  of  their  length,  all  proved  inferior  to 
plain,  square  ones.  When  the  length  of  the  wedge  point  was  increased  to  4 
times  the  thickness  of  the  spike,  the  resistance  to  drawing  out  was  a  trifle  lees. 
But  see  "Jag-spike"  in  Glossary. 

When  the  length  of  the  spike  is  fixed,  there  is  probably  no  better  shape  than 
the  plain  square  cross-section,  with  a  wedge-point  twice  as  long  as  the  width  of 
the  spike,  as  per  this  fig. 

*  This  allows  that  turnouts  and  sidings  amount  to  about  1  mile  of  extra  track  on 
15  miles  of  road. 
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Art.  1.  A  track,  being  weakest  at  the  Joints  between  the  rails,  where  fhej 
«re  deprived  of  their  vertical  strength,  has  of  course  a  greater  tendency  to  bend  at 
»hose  points;  and  this  bending  produces  an  irregularity  in  the  movement  of  the 
train,  which  is  detrimental  to  both  rolling-stock  and  track.  Moreover,  that  end  of  a 
rail  upon  which  a  loaded  wheel  is  moving,  bends  more  than  the  acU^ceQ^  unloaded 
end  of  the  next  rail ;  so  that  when  the  wheel  arrives  at  said  second  rail,  it  imparts  to 
its  end  a  severe  blow,  which  injures  it.  Thus,  the  ends  of  the  rails  are  exposed  to 
fiur  more  ii^nry  than  its  othw  po^Oiis.  Numerous  devices  have  been  resorted  to  for 
strengthening  the  Joints  of  the  rails,  with  a  view  of  preventing  thii  benittng  entirely ; 
or,  at  least,  of  causing  the  two  ao^acent  rail-ends  to  bend  equally,  and  together ;  so 
as  to  avoid  the  blows  alluded  to.  None  of  these  Joint-fiMtenings,  known  as  chair^ 
flah-plates,  wooden  blocks,  Ac,  have  proved  entirely  satiiAtctory. 

Modi  of  the  deficiency  ascribed  to  the  flwtenlngs,  is,  however,  really  due  to  want 
of  stability  in  the  cross-ties  at  the  Joints,  and  more  attention  must  be  directed  to 
this  latter  consideration,  b<>fore  an  efficient  ftMtening  can  be  obtained.  Observation 
show*  that  when  the  Join^ties  are  very  firmly  bedded,  almost  any  of  the  ordinary 
fMtenings  will  (if  the  Joint  is  placed  betureen  two  ties,  instead  of  resting  mpon  a  He),* 
answer  very  well;  whereas,  when  the  cross-ties  are  so  insecurely  bedded  as  to  play 
up  and  down  for  half  an  inch  or  more  under  the  driving-wheels  of  the  engines,  the 
strongest  and  most  effective  fastenings  soon  become  comparatively  inoperative.  All 
the  puts  of  the  best  of  them  will  tn  that  case  become  griMlnally  looeened.  warped, 
Imd^  or  broken. 

Experience  has  established  the  superiority  of  suspended  Joints  over  supported 
ones.  Long  (hstenings,  perhaps,  possess  but  little  superiority  over  short  ones,  where 
the  track  is  not  kept  in  good  repair;  for  the  great  bearing  of  the  former,  although 
imparting  increased  firmness  on  a  good  track,  becomes  converted  into  a  powerful 
leverage,  by  which  it  accelerates  its  own  destruction,  in  a  bad  one.  An  element  in 
the  injury  of  Joiuts,  is  the  omission  of  proper  fastenings  at  the  center  of  the  rails. 
Bach  rail  should  be  so  firmly  attached  to  the  cross-ties  at  and  near  its  center,  as  te 
compel  the  contraction  and  expansion  to  take  place  equally  from  that  point,  toward 
each  end.  It  would  probably  be  somewhat  difiicult  to  accomplish  this  perfectly. 
The  attempts  hitherto  made  have  failed. 

Vnder  the  extremei  of  temperature  in  the  United  States,  bar  Iroo  exp 
^p  «oiitr»ete  about  1  part  in  916 ;  or  1  inch  in  76^^  feet ; 
80  ft  long  will  vary  A  inch ;  and  one  20  ft  long  fully  ^  inch. 


•P  «oiitr»ete  about  1  part  in  916 ;  or  1  inch  in  76^^  feet ;  consequently,  a  rail 
'^0  ft  long  will  vary  A  inch ;  and  one  20  ft  long  fully  ^  inch. 
Beside  tliis,  tne  rails  are  Tery  liable  to   moTe  or  creep 


bodily  in  tbe  direction  of  tbe  beaTlest  trade,  especially  when  the 
grade  descends  in  the  same  direction ;  and  by  this  process  also  the  Joint-fastenings 
are  exposed  to  additional  strain  and  derangement.* 

AH  rails  appear  to  become  elongated  verv  slightly  at  their  ends  by  use;  and  thif 
renders  a  fhll  allowance  for  contraction  and  expansion  the  more  necessary. 

Art.  9.  Etcb  Joints  and  broken  Joints.  If,  in  the  two  lines  of 
rails  forming  a  track,  the  Joints  are  placed  opposite  to  each  other,  they  are  called 
"even  Joints;'*  while  ** staggered**  or  '*  broken**  Joints  are  those  where  each  JoinV 
in  one  of  the  lines  of  rails  is  opposite  tn  the  middle  of  a  rail  in  the  other  line.  Iv 
the  latter  case,  the  Jar  of  passing  from  rail  to  rail  is  less  severe,  but  of  course  mors 
frequent,  than  where  both  wheeU  make  that  passage  at  the  same  time. 

Art.  8.  BCTCled*  or  mitred  Joints.  To  lessen  this  Jar,  Mr.  Sayre  sug- 
gests cnUing  tlie  rails  so  that  the  vertical  plane  forming  the  rail  end  shall  make  an 
angle  of  45®  to  OO*'  with  the  longitudinal  vert  plane  of  the  web  of  the  rail,  instead  of 
the  usual  right  angle.  Thii  would  permit  the  use  of  longer  rails  than  are  now  laid, 
as  the  great  space  (^  inch  or  more)  between  the  ends  of  such  long  rails  in  cold 
weather,  would  not  be  so  serious  an  objection  when  the  ends  were  thus  cut  obliquely. 
This  method  of  cutting  the  rails  has  been  tried,  with  good  results,  but  has  not  yet 
come  into  general  use.  It  is  claimed  that  a  comparatively  inexpensive  change  in  the 
arrangement  of  the  saws  at  the  rolling  mill,  would  permit  the  rails  to  be  cut  with 
ends  at  any  angle,  as  readily  as  with  square  ends,  and  without  further  increase  in 
the  cost  of  sawing. 

«In  the  first  case  the  joint  is  called  a  auapended  one;  in  the  lastasupportsd 
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Art.  4.  Flsli-plates,  Fig.  1,  and  Aiii^e<i|ilates,  Figs  2, 8, 4,  and  5,  hare 

nearly  supplanted  all  other  forms  of  joint  on  the  prin- 
cipal railroads  of  the  U.  S.  They  are  rolled  in  long 
bars,  and  cut  otf  in  any  desired  length,  generally  about 
2  ft;  and  are  bolted  together,  and  to  the  rails,  by  4 
or  6  bolts,  2  or  3  in  each  rail  end. 

Art.  5.    The  flsli*plate  Joint  was  one  of  the 

earliest  suggested.  It  was  introduced  upon  the  New> 
castle  and  Frenchtown  K  R,  in  Delaware,  by  Robt. 
H.  Barr,  in  1843.  Ttie  weight  of  a  complete  fish-plate 
joint,  including  bolts  and  nnts,  is  about  20  &». 

Fig  1,  one-fifth  of  real  size,  represents  a  fish-plate 
joint  with  a  steel  rail  weighing  50  Sbs  per  yard.  The 
thickness  of  plate  at  /  is  ft  inch.  The  plates  weigh 
4}^  lbs  per  lineal  foot  of  a  single  plate. 

Art.  6.  The  principal  advantage  of  the  ang:Ie-|»lates  is  that  the  spikes, 
which  are  driven  throtigh  slots  in  their  flanges  to  confine  them  to  the  cross-ties, 
serve  also  to  counteract  the  tendency  of  the  rails  to  "creep,"*  (See  Art  1.) 
Where  ^^plates  are  used,  the  flanges  of  the  rails  have  to  be  slotted  for  thia 
purpose. 

A  further  advantage  of  the  angle  plate  ia  that  it  transfers  at  least  a  part  of  the 
load  directly  to  the  ties.  It  thus  supports  the  rail  better  than  the  fish-plate  can 
do,  and  may  continue  to  give  some  support  even  if  the  bolts  should  become 
somewhat  loose,  provided  the  spikes  hold  firm.  Moreover,  the  spreading  base  of 
the  angle  joint  adds  greatly  to  the  lateral  strength  of  the  rail  at  the  joint. 


Fii^-.l. 


INCHES 

Pig.2. 


Tl 


INCHES 

Fig.2Jk. 


Art.  7.    The  following  are  usual  dimensions  of  angle  plates : 


For  rails. 

Height 

Thickness  on 

center  line  of 

bolt. 

Weight  of 
one  bar. 

60  fi>8  &  70  ft>s 
85fi» 

fi^T 

ri'T" 

26^  lbs 

♦On  the  St.  Louis  bridge  (steel  arches)  and  its  eastern  approach  (plate  girders 
on  iron  columns)  the  rails  creep,  in  the  direction  of  the  traffic,  about  a  foot  per 
dav,  both  up  and  down  a  grade  of  80  feet  per  mile,  and  with  such  force  that, 
alraough  various  fastenings  were  used,  in  order  to  prevent  the  creeif>ing,  none 
proved  effectual,  and  the  track  was  adjusted  daily  to  accommodate  the  creeping. 
For  a  very  interesting  account  of  this  case,  see  a  paper  by  Prof.  J.  B.  Johnson 
in  the  Journal  of  the  Association  of  Engineering  Societies,  Vol.  IV,  No.  1,  Nov. 
1884,  and  abstract,  with  editorial  discussion,  in  Railroad  Gazette.  Jan.  2d,  1885. 
Prof.  Johnson  attributes  the  creeping  to  a  wave  motion  of  the  rail  caused  by  the 
passage  of  trains.  C^r>,r\n\o 
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AieU  &•  The  wbe«l-lie»d  and  76  lb  sttel  rail,  shown  (on^fth  of  real  lise)  in 
Fig  3,  are  those  designed  by  Bobt.  BL  Sajr^pe, 
€.  £.,  and  used  by  the  lieblsli  ¥allejr  R  R, 
under  very  heavy  traffic.  Tile  anffle-plate 
Joint  was  designed  by  Mr.  Jolm  Frits, 
Supt  Bethlehem  Iron  Co,  Bethlehem,  Pa,  and 
Mr.  fitaiyre. 

These  forms  of  wheelrtread,  rail,  and  splice, 
are  the  result  of  careful  study,  and  each  detail 
has  been  modified  from  time  to  time  as  experi- 
ence dictoted.  The  stems  of  the  two  ph&tes  are 
placed  wide  apart,  thus  giving  the  joint  greater 
lateral  strength ;  at  the  same  time  adding  to  its 
vertical  strength  by  the  support  given  to  the  lower 
side  of  the  raU-head  by  the  upper  enlargement  e; 
while  the  lower  one  a  secures  a  full  bearing  on 
the  flange  of  the  rail.  The  joint,  for  76  lb  rail, 
complete,  2  ft  long,  with  4  bolts  %  inch  diam, 
weighs  40  to  48  9>s,  depending  upon  the  thick- 
ness of  the  angle  plate.  The  drilled  bolt-holes 
in  the  stem  of  the  rail,  are  1  inch  diam,  to  allow 
the  rails  to  contract  and  expand. 


4^rt.9. 


Bng^le^late 

Steel  Co,  and 


Fiff.4. 


Figs  4  and  5  (one-fifth  of  actual  size)  show  _ 

Joint  made  bv  Cambria  St^l    .  , 
urnished  with  their  |»at«nt  nat-loek, 

which  consists  of  a  small  piece,  or  "  key," 
p,  of  Bessemer  steel,  semi-circular  in  cross- 
section  at  one  end,  and  tapered  to  a  hori- 
zontal edge  at  the  other.  After  the  nut 
has  been  screwed  to  its  place,  the  key  is 
driven  close  up  to  it,  and  then  the  pointed 
end  of  the  key  is  bent  up  (as  shown  in 
Fig  6)  by  a  special  tool  with  a  lever 
attached.  The  key  is  prevented  from 
falling  out  sideways  by  the  edge  of  the 
longitudinal  groove,  Fig  4,  in  the  angle- 
plate,  into  which  it  fits. 


1    r 


5        I 

Fifir.5. 


Art.  10.  Both  fish-  and  angle-plates  are  apt  to  crack  vertically  about  the 
middle  of  their  length,  or  opposite  to  the  Joint  in  the  rail.  To  obviate  this,  the 
**Snmson-bar'*  (made  either  of  fish  or  of  angle  form)  was  rolled  about 
half  ineh  thicker  at  the  middle  than  at  its  ends.  The  thickened  portion  was 
about  8  ins  long,  extending  sav  4  ins  each  way  from  the  joint;  but  the  upper 
edge  of  the  bar,  upon  which  the  head  of  the  rail  rested,  and  in /ZsA-bars  the 
lower  edge  also,  were  made  of  this  increased  thickness  throughout  their  length. 

Art.  11.  Fish-'and  ani^le-plates,  of  all  the  patterns  shown,  and  others,  are 
railed  to  sait  difTorent  •ises  and  shapes  or  rails.  The  bolt 
lieads  are  usually  round,  and  the  shoulders  of  the  bolts,  immediately 
under  the  heads,  are  therefore  made  of  owal  cross-section,  fitting  into  eorre- 
iponding  oval  holes  in  the  fish-  or  angle>plate.  The  bolt  is  thus  prevented  from 
turning  when  the  nnt  is  screwed  on,  and  afterwards.  Many  devices  have  been 
tried,  with  a  view  to  prewentiuff  tiie  nats  flpom  iFearinir  loose 


The  plates  are  fi-eqiiently  rolled  with  a  lonffltndtnal  i^r<K»Te,  as  wide  as 
the  head  or  nut  of  the  bolt,  and  about  14  inch  aeep,  running  their  entire  length. 
This  groove  receives  either  the  head  of  the  bolt,  which  in  such  cases  is  made 
square  or  oblong  and  inserted  first,  and  the  nut  afterwards  screwed  on  ;  or  else 
the  nut  is  first  placed  in  the  groove,  and  the  bolt  afterwards  screwed  into  it 
This  is  intended  to  prevent  the  unscrewing  of  the  nut,  but  cannot  be  relied  upon 
to  do  so. 

It  is  well  to  have  the  slots  in  the  flanges  of  rails  or  of  angle4)ar8  so,spaced  that 
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tlie  two  spikes  of  a  Joint,  drlTen  Into  tlie  same  cross-tleii 
•hall  not  be  directly  opposite  to  each  other,  but  ''  staggered,*'  so  aa  to 
diminish  the  danger  of  splitting  the  tie. 
Joints  are  frequently  laid  wi&  one  fisli-  and  one  an|ple-plate. 


Art.  12.  It  will  be  noticed  that  both  fish-  and  angle-plates  act  by  placing  a 
support  under  the  head  of  the  rail.  Tile  FIslier  brldsre-Jolnt,  Figs  6  to  9, 
made  by  Mr.  Clark  Fisher,  Trenton,  N  J,  applies  the  support  under  the  6aMof  the 
rail. 

The  principal  feature  of  this  joint  is  a  flanged  beam,  Fig  6,  about  6  ins  wide  and 
22  ins  long,  which  extends  across,  and  is  spiked  to,  the  two  joint-ties,  as  in  Fig  7. 
The  holes  for  the  spikes  are  placed  so  that  the  two  spikes  in  the  same  tie  are  not 
opposite  to  each  other:  and  the  flanges  F  F  also  are  staggered,  so  as  not  to  interfere 
with  the  driving  of  the  spikes.  The  joint-ties  T  T  are  placed  7  inches  apart  in  the 
elear.    The  beam  has  an  upward  camber  of  about  one-eighth  of  an  inch.    The  two 


Fig.  7. 


Fig.  8. 


rail-ends,  forming  the  joint,  rest  upon  the  beam,  and  meet  at  the  middle  of  Iti 
length.  They  are  held  down  to  it  by  a  single  U-shaped  bolt  B,  of  1  inch  diam, 
with  a  nut  on  each  leg.  These  nuts  bear  directly  np6n  the  horizontal  upper  sides 
of  the  **  fore-locks  '*  L  L,  one  of  which  is  shown  separately  in  Fig  9.  The  (bre-locks 
are  rolled  to  fit  accurately  to  the  rail-flanges.  The  legs  of  the  U-bolt  pass  first 
through  the  circular  holes  h  A,  in  the  beam.  Fig  0;  next  through  rounded  notches 
est  in  the  corners  of  the  rail-flanges ;  then  through  the  holes  in  the  forelocks ;  and 
lastly  through  the  nuts.  Between  the  U'bolt  and  the  bottom  of  the  beam  is  placed 
a  email  piece  «,  of  spring  steel,  slightly  cambered  downward,  and  having  two  semi-cir- 
enlar  notches  for  the  legs  of  the  U-bolt,  which  hold  it  in  place.  This  is  intended  to  keep 
the  joint  elastic,  to  take  up  any  loose  space  produced  by  the  wear  of  the  snrfiaces  in 
contact,  to  render  less  abrupt  the  strains  on  the  1x)lt,  and,  by  keeping  the  threads 
of  the  nut  pressed  against  those  of  the  bolt,  to  prevent  the  nuts  from  becoming 
loose.  The  joints  are  shipped  from  the  foctory  complete,  and  with  all  the  parts 
bolted  together ;  the  nnts  being  screwed  down  to  within  about  two  threads  of  their 
fiiMkl  plaMs,  so  that  the  ends  of  the  rail-flanges  can  be  easily  slid  into  place  under 
the  fore-locks. 

As  an  additional  precaution  against  creeping  of  the  rails,  the  rail-flanges  may  be 
slotted  near  their  ends,  as  in  cases  where  fish-plates  are  used,  and  spikes  driren 
through  these  slots.  For  such  cases  the  beams  are  punched,  at  the  mill,  with  four 
additional  square  holes  a  little  further  from  the  edges  of  the  beam  than  the  others. 
Unlike  the  angle-  and  fish-plate  joints,  the  Fisher  may  be  used  with  any  section  of 
T-rail ;  and  the  head  of  the  rail  may  be  made  stronger  by  being  rolled  pear-shaped, 
*"hich  is  inadmissible  with  fish-  and  angle-joints,  because  these_^quire  a  nearly 

Digitized  by  VjOOQ IC 


RAiL-jonrrs. 


823 


horisontal  bearing  on  the  under  side  of  the  head.  The  **  Fisher  "  requires  no  drill* 
Ing  or  punching  of  the  stem  of  the  rail.  It  costs  about  25  per  cent  more  than  a 
fish-  or  angle-joint  for  the  same  rail.  Its  welg^ht,  complete,  for  65-fi>  rail,  is  about 
82  lbs. 

Mr.  Fisher  makes  also  an  extra  stronsr  Joint  with  three  V-bolt*. 
for  heavy  ourres  and  for  places  liable  to  wash-outs.  It  is  intended  to  support  tn« 
Joint,  even  if  the  ballast  is  removed  from  under  tlie  joint-ties.  Either  of  the  Fisher 
Joints  can  be  made  of  any  desired  weight.  The  "Fisher"  is  largely  used  on  some 
of  th9  principal  eastern  roads,  and  with  very  sutisfactory  results. 


F^.lO 


Art*  13.  The  Bonsano  rail-Joint,  Figs.  10. 11.  and  12,  invented  and 
patented  by  Mr.  Adolphus  Boumido,  C.  E.,  of  Philaaelphia,  is  essentially  an 
angle-plate  Joint  (Art.  6),  but.  in  the  Ronsano  joint,  the  horizontal  flange  of  the 
angle  bar  is  rolled  about  3  inches  wider  than  usual,  and,  after  rolling,  and  cut- 
ting to  the  proper  lengths,  its  middle  portion  Is  pressed  downward  bydie8,form- 
ing  a  girder,  G,  which  projects  downward  between  the  two  joint  ties. 


he  broad  horiiontal  flange,  being  level  witb  that  of  the  rail,  affords  greatly 
increased  bearing  upon  the  ties,  and  adds  to  the  lateral  sti£fhess  of  the  joint ;  the 
girder,  G,  between  tht^  Joint  ties  increases  the  vertical  strength  of  the  Joint ;  and 
the  triangular  gu8!*ets.  b.  Figs.  10  and  11,  securely  hold  the  horizontal  flange  and 
the  downward-projecting  girder  in  their  relative  positions. 

The  two  splice-bars,  in  the  Bonzano  joint,  have  a  combined  cross-section 
about  1.2  times  that  of  the  rail,  and,  as  shown  by  tests  made  by  Prof  Henry  T. 
Bovey,  at  McGill  University,  Montreal,  equal  strength  with  the  rail,  while  the 
oztlinary  angle  bar  joint  has  but  one-third  that  strength. 

The  Joints  are  made  either  :Vi  inches  long  for  6  bolts,  or  from  24  to  2fi  inches 
long  fur  4  bolts.  For  80  lb.  rails  the  splice-bars  for  the  30  inch  and  24  inch  joints 
weiffh  together  about  S9  lbs.  and  73  lbs.  respectively. 

Tne  price  is  about  0.3  cent  per  pound  higher  than  that  of  the  ordinary  angle 
bar  Joint. 
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Art.  1.    To  enable  an  engine  and  train  to  pass  from  one  track,  A  B,  Fig  1,  t« 
another,  A  P,  a  Uunumt  is  introduced.     This  «0|Mlste  etmeutitdMj  ti  • 


dJL. 


•wltcli,  qmps,n,  tro^^fy  and  two  fixed  raar^-ralls,  g  and ^.  If  a  switch 
is  made  to  serve  for  two  turnouts,  A  D  and  A  ir,  Fig  2,  one  on  eacb  nde  of  tke  main 
track,  A  B,  it  is  called  a  itaree-throw  swKeli. 


^^^  \^ 


Fiff.  2. 


Fiff.3. 


Art.  2.  When  a  train  approaches  a  switch  in  tlie  direction  of  either  arrow,  FI« 
1 ;  or  so  that  it  passes  the  frog  before  reaching  the  twitoky  it  Is  said  to  **  tmil*^ 
the  switch.  When  it  approaches  in  the  opposite  direction,  passing  the  moiteh  before 
reaching  the/rfljc^,  it  is  said  to  ^*  fnee**  the  switeh.  Fig  3  represents  a  portion  of 
a  double-track  road  in  which  the  trains  keep  to  the  right,  as  shown  by  the  arrows. 
In  this  fig,  y  and  W  are  **trailiftg*'  switohes;  and  X  and  T  are  ^* facing**  switehes. 
In  order  to  leaxe  the  main  track  by  a  trailing  switoh,  a  train  must  move  in  a  dir»o- 
tion  contrary  to  the  proper  one  on  said  track. 


Art.  S.  Mlsplaeed  swltelies.  A  moying  train, /oc^ny  any  switch,  most 
plainly  go  as  the  switoh  is  set,  whether  right  or  wrong.  If  wrong,  serious  accident 
may  result.  For  instance,  the  train  may  run  upon,  and  over  the  end  of,  a  short 
trestle  siding,  or  may  collide  with  a  train  standing  or  moving  upon  the  turnout. 
Safety  swltelies,  such  as  the  Lorens,  Arts  13,  Ac,  and  Wharton,  Arts  18,  Ac, 
are  so  arranged  that  trains  trailing  them  can  pass  them  safely,  even  if  the  switoh 
is  misplaced.  But  in  the  case  of  the  plain  stab-swlteli^  Art  4,  when  mis- 
placed, a  trailing  train  will  leave  the  rails  at  &  and  r,  or  «  and  u,  Fig  4,  and  run 
upon  the  ties. 

Stnb-switohes  are  frequently  provided  with  ^^  safety -eastlninB '*  of  iron, 
bolted  to  their  sides,  and  reaching  from  their  toes  m  and  «,  Fig  4,  several  feet  toward 
p  and  q.  These,  in  case  of  misplacement  of  the  switoh,  receive  the  flanges  of  tba 
wheels  of  a  trailing  train,  and  guide  the  wheels  safely  on  to  the  switohHrails  g  is  and 
p  «.    Tlie  ** Tyler "  switch  is  arranged  in  this  way. 
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Art.  4.  The  c»i«i>«  Mvnt^oded  or  minh^wOHM  mm¥tpi» 
•■■enttalljr  of  two  rails,  q  m  and  p  a,  Figs  1  and  4.  The  ends,  q  and  p,  ot  tufm 
nils,  where  they  are  fixed  In  line  with  the  main  track,  form  the  **taeel*^  of  thf 
twitch.    Their  other  ands,  m  and  «,  form  the  ^  toe**'  and  are  free  to  nuwe  trom  4 
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and  n  (where  thqr  are  in  line  with  the  main-track  rails,  5&  and  rs)  to  m  and  t 
(where  they  are  iu  line  with  the  turnout-rails,  <«  and  uy). 

On  main  lines  of  road,  the  switch-rails  are  vsuall  v  from  18  to  26  feet  long  from 
heel  to  toe.  Formerly  their  heels,  q  and  j>,  were  fixed  by  being  confined  in  the  same 
chairs  which  held  the  adtoiaing  e^ds  of  the  main-line  rails ;  or  by  being  connected 
with  said  rails  by  short  fisb-platefl.  In  either  case  they  remained  prac- 

tically straight,  eten  when  set  for  the  tnmont.    Kow,  however,  they  are  gener^/ 
made  long  enough  to  extend  4  to  6  feet  back  fh>m  their  heels,  toward  A:  and  tl4a 


IPijr.S 


additional  length  is  spiked  miyieldiDffly  to  tike  ties;  so  thitk,  wImb  Mt  tv  the  I 

the  switch-rails  bend  no  as  to  form  (at  least  approximately)  a  part  of  the  turnout 

eorre.    Their  toes,  m  and  «,  in  any  case,  rest  and  slide  upon  iron  «lMa4-pl»tea,** 

P.  P.,  Fig.  4,  shown  in  detail  at  Fig.  5,  which  represents  a  riveted  steel  plate, 
made  by  the  Weir  Frog  Co.  These  head  plates  also  receive  the  ends,  b  e  ana 
r  u,  Fig.  4.  of  the  main-track  and  turnout  rails.  In  ihree-throvD  switches,  the 
head-plates  must  of  course  be  longer,  to  give  room  for  the  ihr§e  rail-ends  side  by 
side. 

Frequently  a  plain  strip  of  iron,  about  3  inches  wide  by  fialf-lnch  thick,  is  (hstened 
to  the  upper  surtiMe  of  each  tie,  under  the  base  of  the  rail,  for  the  latter  to  slide  on. 

The  switch-rails  are  connected  together  by  from  8  to  6  transrerse  wrought-iron 
elamp-rods^  R  B  iZ\  Fig  4,  full  1W[  ins  diam.  These  are  fiutened  to  the  rails  in 
various  ways ;  generally  as  shown  in  Fig  6.    The  clamp-bars  should  be  placed,  if 

possible,  at  least  as  low  as  the  tops 
of  the  cross-ties,  so  as  to  avoid 
danger  of  their  coming  into  con- 
tact with  any  portions  of  cars  or 
engines  that  may  become  par- 
tially detached  and  drag  on  the 
track. 
One  of  the  clamp-bare,  R^  is 
near  the  toes,  m  and  <,  Fig  4.  It  projects  beyond  the  ti»ck,  and  is  jointed,  as  shown 
at  Figs  7  and  8.  and  connected  with  the  lever,  L,  by  which  the  switch  is  moved. 
The  tie,  T,  Fig  4,  to  which  the  head-plittes  are  fastened,  Is  made  longer  than  the 
otbera,  in  order  to  give  room  for  the  switch-stand,  M,  Figs  4, 7, and  8,  which  is  boltsd 
to  its  upper  sorfiuse.  This  tie  should  also  be  of  larger  cross-section  than  the  others, 
perfectly  sound,  and  well  bedded ;  because  upon  it  come  severe  strains  due  to  the 
passage  of  ears  and  engines  across  the  space  between  the  rail-ends,  m  and  e,  »  and  u, 
etc,  Fig  4. 
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Art*  5.  The  switoh.lerers,  and  th«  awttelnit— ds  to  which  th«y  art 
•ttachttd,  are  made  in  a  great  variety  of  forms.  See  Figs  7. 8, 9, 14,  IS,  and  17.  That 
shown  in  Figs  7  and  8  is  the  **  Tnmbllng^^lever  stand  **  or  *^  Oronnd-lewer 
stand,**  and,  in  its  nmneroos  modifications,  is  very  largely  used.  It  is  so  arranged, 
that,  whichever  way  the  switch  is  set,  the  crank,  C,  is  on  the  dead  center,  so  thai 
the  lateral  strains  of  passing  cars  or  engines  can  exert  no  tendency  to  turn  it. 


Tumbling  switches  are  convenient  because  thev  occupy  but  little  space.  By  i 
of  a  taivet  or  lantern,  connected  with  the  switch,  tiiey  maj  be  made  to  indicate  to 
the  engine  driver  the  position  of  the  switch. 

When  the  switch  is  set  either  way,  the  lever  Is  padlocked  to  a  staple  drlren  into 
Che  tie  and  passing  up  thh>ngh  the  slot  in  the  handle  of  the  lever.  The  lever  is  fre- 
quently made  with  a  weight  of  say  20  lbs  on  ito  free  end,  to  aid  in  bringing  it  down 
to  its  pr(^)er  position. 

Art.  6.  Fig  9  represents  a  common  form  of  the  nprlarlit  lewer  and  stand. 

The  switch-rod.  B'  Figs  4, 7  and  8,  is  generally  attached  at  Hie  lower  end.  A,  of  the  lever. 
The  cast-iron  n«me,  F,  is  Cutened  to  the  long  tie,  T,  Fig  4,  by  large  screws  or 
spikes,  which  pass  through  its  broad  f!»et  or  flanges,  B  B.  The  top  of  the  frame  is 
provided  with  two  notches,  N  N,  and  staples,  to  which  the  lever  is  secured  by  a 
padlock.  When  this  stand  Is  to  be  used  for  a  tikre«-thn>w  awiteh,  the  frame  has 
tkrte  notches  and  three  staples.  The  upright  stand  may  be  osed  wherever  it  will 
not  be  in  the  wav  of  passing  trains.  The  target,  T,  at  the  top  of  the  lever,  by 
showing  the  position  of  the  latter,  indkates  to  the  driver  of  an  approaching  eogin* 
whioh  way  the  switch  Is  set. 


Fi|;.0. 
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MONKEY  SWITCH 

Fiff.10. 


Art.  7. 


.     In  the  ^  HonlKejrHiWltCli)**  Fig  10,  the  orank,  o  i,  is  moved  horl- 

aontally  through  an  arc  of  a  circle  by  means  of  the  lever,  k  K  about  3  ft  long,  which 
fits  upon  the  square  head, «,  of  the  vertical  q;)indle  or  jrfn,  •  o.  The  switch-rod,  B'  Figs 
4,  7  and  8,  Is  attached  to  the  pin,  <v. 

Many  modifications  of  the  monkey-switch  are  in  use.  The  spindle,  « o,  is  fre- 
quently made  long  enough  to  bring  the  lever  to  about  the  level  of  the  hand ;  and 
ue  lever  is  permanently  attached  to  the  stand,  and  hinged  near  the  spindle  so  as 
to  hang  down,  out  of  the  way,  when  not  in  use.  To  the  top  of  the  spindle  is  fre- 
quently attached  a  vertical  rod  of  any  desired  length,  and  carrying  at  its  top  a  target 
which  turns  as  the  spindle  does,  and  thus  indicates  the  position  of  the  switch. 
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Art.  8.  AH  parti  of  the  switch-stand,  and  the  tie  upon  which  it  rests,  shonld 
be  perfectly  rigid,  because  it  is  Tery  important  that  they  should  hold  the  ends  of 
the  switch-rails  exactly  in  line  with  those  of  the  main  line  and  turnout.  They 
therefore,  in  view  of  the  great  strains  to  which  they  are  snl^ected,  must  be  strongly 
constructed,  and  frequently  looked  after. 


PifiT.  11. 


Art.  9.  Id  Figi  1  and  4,  d  a  m  is  called  the  switeh-ailflrle.  The  diet,  d  m, 
Figs  1, 4,  and  11,  required  for  tne  motion  of  the  toes,  is  calledthe  ihrow  of  the 
switch.  It  must  beeoual  at  least  to  the  width,  d  «o,  fig  II,  of  the  top  of  the  rail, 
in  addition  to  a  width,  w  m,  sufficient  to  allow  the  flanges  of  the  wheels  to  pass 
along  readily  between  6  and  e.  Fig  1,  and  between  r  and  «.  The  tops  of  the  rails 
are  generally  between  2 and  2^  ins  wide;  and  about  1^  to  2^  ins  suffice  for  the 
flanges.    !nie  throw,  d  m»,  however,  is  commonly  about  5  ins. 

The  mmnge^  Fig  6,  of  a  railroad  track,  is  the  distanoe  between  the  uumt 

Bides  GGK  of  the  heads  of  its  two  rails.  Hence  these  inner  sides  are  called  the  cause 
•ides  of  the  rails. 

Art.  10.  The  stnb-switch  is  cheaper  in  first  cost  than  the  improved  safety 
switches,  Arts  13, 18,  etc,  but  is  less  economical  in  the  long  run. 

As  it  is  very  essential  that  the  toes  of  the  switch-rails  should  never  come  into 
contact  with  the  adjoining  rail-ends,  a  space  of  about  an  inch  must  be  allowed 
at  the  toes  for  expansion,  and  for  "creeping"  This  renders  the  blows 

of  passing  trains  very  severe,  and  ii^jurions  to  rolling  stock,  and  to  the  rail-ends. 
The  latter  are  worn  away  rapidly  and  must  be  f^uenUy  renewed.  From  the  same 
cause  the  tie  under  the  head-plate  is  apt  to  become  loose  in  its  bed. 
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Art.  13.    Tbe  «  Anlomatic"  Bwiteli-iHMMl  is  thown  in  horizontid 

section  by  Fig  14,  and  in  vertical  section  by  Fig  16.    It  is  designed  especially 


I  <jiiarter  of  a  circle, 
jiosiiioQ  L  to  that  of  I/, 


FifflS 


for  split  switches  like  those  shown 
in  Figs  12  and  13.  It  is  operated 
by  a  tumbling-lever,  L,  Fig  14. 
To  the  horizontal  axis,  A,  of 
the  ler^r.  is  fastened  the  beveled 
pinion,  P.  This  engages  in  the 
teeth  of  the  ^uadtant.  Q,  and 
moves  it  horisontally  tnr( 


hrougii  a 

^hen  the  lever  L  is  thrown  from  its 

I/,  shown  by  the  dotted  lines.    The  rod, 

J  II',  from  the  switch,  is  attached  at  X,  or  at  X',  to  this  qnad- 

-^  raut;  aud  the  movement  of  the  latter  thus  sets  the  switch, 


and  at  the  same  time  turns  the  target,  T,  Fig  15,  or  lantern,  fixed  to  the  vertical 
spindle,  S,  thus  indicating  the  position  of  the  switch.  The  gearing  is  incloaed 
in  a  cast-iron  case,  as  shown  in  Fig  15.  If  a  train  on  the  turntntiy  moving  in  the 
direction  of  the  arrow.  Fig.  1  (or  "trailing"),  approaches  a  splits-switch  pro- 
vided with  th«  autemirtic  stand,  and  set  (tnrough  oversight  or  otherwise)  for 
the  main  track,  as  in  Fig  12,  the  flange  of  the  first  wheel,  pressing  between 
rails  X'  and  S'  V',  will  push  the  switoh-raUs  into  the  proper  position.  Fig  18,  for 
the  turnout;  at  the  same  time  necessarily  throwing  the  wei^ted  lever  over  into 
the  reverse  position,  and  turning  the  target  so  as  to  indicate  that  the  switch  is 
set  for  the  turnoat.  A  similar  movement  of  the  switch,  in  the  opposite  direction , 
takes  place  if  a  trailing  train  on  the  nuHn  track  approaches  the  switch  when  set 
for  the  turnout,  as  in  Fig  18.  Hence  the  term  "automatio,"  as  applied  to  this 
stand.    The  switch  is  thus  made  a  »B^ety  switch. 


F 


Art.  13.  In  the  liOrens  safety-swltcli,  the  connecting-bar,  R',  near- 
est to  the  toes,  is  provided  with  a  spriniCvS,  Fig  16,  placed  sometimes  between 
the  rails,  as  there  shown  ;  sometimes  outside  of  the  track.  This  spring  permits 
the  moving  of  the  switch-rails  by  the  wheels  of  a  trailing  train,  as  does  the 
automatic  switch-stand,  Figs  14  and  15;  but  after  the  passage  of  each  wheel, 
the  spring  returns  the  switch  rails  to  their  original  position^    The  blow  of  the 

•  igitizedby  VjOOQli. 
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PMllulMifli  agiiiift  ttM  flodfe^ifl^  tiMM  oOQiiicMMd,  ts  fi^iifloaf  to  bolh,  sod  lhM#  ft 
break  th«  former.  On  tlw  oHmt  hMd,  tfM  oonprweloD  «f  the  tprf ng^  during  the 
pe0Mff«  of  the  tmln  throash  the  ewltoh.  fometlmet  impatn  iti  elastic!^,  eo  that  It 
then  faila  to  return  the  •wltch-rail  to  Its  proper  position  in  contact  with  Uie  etoek- 
rail,  and  allowi  it  to  remain  half  an  inch  or  more  away  from  it,  and  in  danger  of 
beinff  stmck  by  the  wheet-flangei  ef  approaching  tralni  ^&cing**  the  awltch.  ▲ 
simUar  accident  may  happen  during  the  ordinary  working  of  the  switch.  If  an 
obetaele,  aa  a  tmall  ttone,  becomsi  lodged  between  the  twitch-rail  and  the  stodt- 
rtil ;  fir  the  epring  may  permit  the  awitdiman  to  Ibroe  the  switeh-lerer  hoat  to  Us 
place  withoat  bringing  the  two  mlla  properly  Into  contact    8m  Art.  14. 

Art.  14.  Oe  Vonthi  safety  swlteli-stand.  Fig  17,  made  by  Penna 
Steel  Go,  is  designed  to  remedy  this.  In  this  stand,  the  spring  is  placed  in,  and  se- 
cured to.  a  semi-cylindrical  iron  spring-case  or  box,  B;  to  the  opposite  sides  Of  which 
ve  fixed  two  hor  axles.    One  of  these  is  shown  at  A.    This  axle  passes  through  the 


■witch-leTer,  L,  near  its  fnlcmm,  F.  It  also  passes  through  the  inverted  T-shaped 
slot,  H,  in  the  rigid  bar,  S,  which,  together  with  the  bar,  W,  attached  to  the  spring- 
case,  is  Jointed,  at  J,  to  the  switch-rmL  R'.  When  the  switch  is  properly  set,  either 
for  the  main  line  or  for  the  turnout,  the  axle.  A,  is  iu  the  hor  part  of  the  slot,  H, 
and  immediateiv  under  the  vert  part,  so  that  there  is  no  obstruction  to  the  move- 
ment of  the  switch,  and  a  trailing  train  will  open  a  misplaced  switch  as  explained 
in  Arts  12  and  13.  But  when  the  lever  is  raised,  for  the  purpose  of  setting  the  switch 
in  the  other  position,  the  axle.  A,  rises  into  the  vert  part  of  the  slot,  as  in  the  fig, 
lifting  the  spring-case  with  it.  If  now  any  obstruction  prevents  the  switch-rail 
fh>m  being  pressed  home,  the  rigid  bar,  8,  by  means  of  the  axle,  A.  prevents  the 
lever,  L,  from  moving  fkrther. 

Art.  15.  Theory  would  require  that  the  lenvtba  •f  the  Bwiteli-rails, 

In  split-switches,  should  vary  with  the  radius  of  the  turnout  curve,  and  formerly 
they  were  so  made.    Where  this  radius  is  such  that  a  No  10  frog  (see  Art  26)  is  re- 

Stuired,  the  switch-rails  should,  theoretically,  be  28  ft  long.  But  in  practice  a  uni* 
brm  length  of  15  ft  (just  half  the  usual  length  of  the  steel  rail  from  which  the 
switch-rails  are  cut)  for  all  turnouts,  c^ves  the  beet  results,  combining  economy  of 
manufacture  with  greater  strength,  and  greater  ease  of  handling,  than  are  possible 
with  much  longer  rails. 

Art.  16.  It  will  be  noticed  that  in  point-switches  (as  also  in  the  Wharton  switch. 
Arts  18,  Ac)  there  can  be  no  such  Jar  as  that  occasioned  in  the  stub-switch  by  the 
long  space  between  the  toes  of  the  switch-rails  and  the  ends  of  the  adjoining  rails. 

Art.  17.  It  is  important  that  the  thin  portions  of  each  switch-rail  should  be 
carefully  shaped  so  as  to  receive  throughout  a  firm  lateral  support  from  the  stock- 
rail  when  in  contact  with  it.  Otherwise  the  switch-rails  are  in  danger  of  bending 
under  the  lateral  pressure  of  passing  trains.  This  might  throw  the  point  out  from 
the  stock-rail,  endangering  the  train. 

Art.  IT  su  Fig.  17  a  shows  a  Uiroo-^irew  pot«t  •wttoh  made  by  The 
Weir  Frog  Co.,  Cincinnati,  Ohio.  It  has  the  usual  stock  rails,  0  and  Z,  and  four 
switch  rails,  A,  B,  X  and  Y.  The  switch  rails  all  slide  upon  the  same  set  of  iron 
*'  friction  plates,**  which  are  spiked  to  the  ties  under  the  rails,  but  are  not  shew.n  in 
the  figure.  Ralls  A  and  B,  are  held  ri.:idly  together  by  four  connecting  bars 
fl^ «,  a,  a,  while  X  and  T  are  similarly  connected  by  the  other  four  connecting  ban 
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K,  fl^  ff, «.  Bach  pair  of  twiteh  mns,  tliiis  Ibrmed,  movM  liid«pend«ntly  of  the  oihsr; 
the  Bwitch-rod  R  a  operating  the  pair  A-B,  and  R  y  operating  the  pair  X-Y.  Oof 
figare  ihowt  the  switch  ai  arranged  for  two  separate  switch-etands,  one  on  the  near 
ride  operating  the  rod  R  y  and  the  rails  X-T,  and  one  on  the  fkrther  slde»  ^Mrating 
the  rod  R  a  and  the  rails  A-B ;  bat  It  may  be  arranged,  instead,  so  that  both  pairs 
of  rails  may  be  operated  by  means  of  a  single  stand,  placed  on  one  side  of  the  switch. 


The  figure  shows  the  switch  set  for  the  track  X  Z. 

To  set  it  for  the  track  A  T,  the  rod  R  y  is  palled,  and  draws  rails  X-T  OT«r, 
bringing  Y  into  oontiot  with  Z,  so  that  wheel  K  may  ran  ^pon  nil  T,  and  leading  • 
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space  between  rails  X  and  A  for  the  pMsage  of  Ihe  flan&a  of  wheel  I^  which  wfcial 
then  runs  upon  rail  A. 

To  set  the  switch  for  the  track  0  B,  the  rod  R  a  is  then  poshed,  and  throws  raila 
A-B  oTer,  bringing  B  again  into  contact  with  Y,  so  that  wheel  K  may  run  apon  rail 
B,  and  leaving  a  space  between  rails  0  and  A  for  the  flange  of  wheel  L^  which  wheel 
then  rnns  apon  rail  0. 

As  in  all  point  switches.  It  is  impossible  to  spike  the  inner  flanges  of  the  stock 
rails  G  and  Z  to  the  ties  along  that  portion  of  their  length  (some  12  feet  from  the 
switch  point)  where  they  come  in  contact  with  the  switch*rail8.  As  a  snbstitate 
they  are  provided  with  special  supporting  blocks  8,  8,  on  the  oater  side.  In  the 
Weir  switch,  each  of  these  is  made  of  one  piece  of  flat  bar  iron,  bent  over  and 
twisted,  and  serring  also  a«  a  sliding  plate,  a«  shown  more  clearly  in  the  section  n  o, 
Pig.  176,  which  shows  also  the 
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manner  of  fastening  the  end  o| 
the  flat  connecting  bar  a  to  the 
base  of  rail  A  by  means  of  a 
malleable  casting  H,  through 
which  the  end  of  the  bar  o 
passes,  and  to  which  it  is  bolted. 
The  end  shown  in  Pig.  IT  6  is 
that  which  passes  under  rail  X 
and  is  therefore  hidden  by  it  in 
I  Pig.  17  a.  The  section  atp  9, 
(flg.  17  c)  shows  the  attachment 
of  one  of  the  rods  x  to  rail  X. 

t  here  is  slmflar  to  that  at  n  o,  except  that  in  Pig.  17  e  the  malleable 

easting  Mis  bolUd  to  the  web  of  the  rail  as  shown,  while  in  Pig.  17  6  it  is  of  differeat 


The 


shape,  and  is  riv«Ud  to  the  Jlange  of  the  rail. 


y  Google 


M9 


Tomrovra 


834 


TUBNOUTB* 


Art.  2d*  FpoffA*  the  frog  Is  a  contrivance  fbr  allowing  the  flange  of  the 
wheel  on  the  rail  e  x.  Fig  1,  to  cross  the  rail  r  0 ;  and  that  of  the  wheel  on  r  ir,  to  croei 
tx.  Tlie  first  contrivanee  Dor  tills  purpiMe  was  a  bar,  approxi« 
mately  of  the  shape  of  the  mil,  pivoted  at  the  point  where  the  center  lines  of  the 
rails  ex  and  re  cross  each  other,  and  ftee  to  move  horizontally  abont  this  pivot,  so 
that  it  could  form  a  portion  of  e  x  when  the  train  was  passing  to  or  from  the  tumotU^ 
or  a  portion  of  rz  when  the  train  was  using  the  main  track.    Sometimes  the  pivot 


Fig.  90. 


I»M8ed  through  one  end  of  the  bar,  as  In  Ff  g  20,  and  sometimes  through  Its  c0nUTt 
as  in  Fig  21.    Such  bars  were  generally  moved  by  a  rod 


< 


^= 


r 

Fls.  21. 


J. 


(attached  at  n)  and  lever,  similar  to  those  used  for  switches ; 
and  they  then,  of  course,  required  an  attendant;  bnt  many 
attempts  have  been  made  to  use  such  frogs  by  connecting 
them  with  the  switch  by  means  of  rods,  ^,  so  that  the  bar 
should  move  automatically  when  the  switch  was  turned. 
Owing  to  the  considerable  distance  (80  ft,  more  or  less)  be- 
tween the  ft'og  and  switch,  it  has  been  found  difficult  to 


iecure  simultaneous  movements  of  the  switch  and  frog,  and  the  contrivances  referred 
to  have  not  come  into  extensive  use.  Such  bars,  while  they  avoid  the  Jar  produced 
by  wheels  passing  across  the  throat  of  the  frog  ^Art  35),  labor  under  the  same  di«< 
advantage  as  the  stnb-swltch,  Art  10,  in  requiring  a  liberal  allowance  of  space  be- 
tween their  ends  and  those  of  the  fu^oining  rails,  to  avoid  any  possiMlity  of  their 
coming  into  contact. 


FI9.2S. 

Art*  93.    These  ban  were  soon  superseded  by  rigid  east-Iron  flrogs,  Fi^ 

B  and  28.    These  were  hardened  by  chilling,  so  as  better  to  resist  the  action  ot 


Fig:.  2a 


passing  wheels ;  but  even  with  this  precaution  they  wore  oat  so  much  more  rapidly 
than  the  raila,  that  the  wlng^s^wm  and  t'c,and  the  ton {Clie,  P,  were  capped 
with  steel  from  \^  inch  to  1  inch  tbick,  bolted  or  riveted  to  their  upper  suriaces. 
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the  triangle,  P,  ealled  the  tongue  of  the  frog,  If  the  meeting-polnt  of  the  two  rails, 
/ «  and  /x,  Vig  1 ;  while  the  wingi,  w  m  and  t  c,  are  continuation  s  of  the  rails  e  and  r. 
The  wings  give  support  to  the  trnads  of  the  wheels  in  passing  over  the  spaces  between 
the  point  and  to  and  t',  which  spaces  are  left  for  the  passage  of  the  flanges. 

The  channel  is  called  the  montll  of  the  frog  at  a.  Figs  22  and  28;  and  its 
throai  at  the  narrowest  part,  to  t.  That  part  of  the  tongue  back  of  u,  Fig  23,  or 
between  u  and  g^  is  called  its  heel. 

The  channel  is  made  about  2  ins  deep  to  prevent  the  flanges  from  touching  its  bottom. 

The  projections,  1 1,  Fig  22,  are  for  bolting  ihe  frog  to  the  wooden  cross  ties. 

Although  one  side  of  the  frog  forms  a  part  of  the  turnout  curre,  its  shortness  war- 
rants US  in  making  both  sides.^o,  g  t^  Fig  23,  straight. 

Art.  94.  Onlde- rails,  or  guard-rails,  g  g*,  Fig  1.  Suppose  wheels  to  b« 
rolling  from  A  toward  B,  Fig  1,  on  the  main  track ;  the  switch-rails  being  in  the 
dotted  positions.  On  arriving  opposite  the  frog,  some  irregularity  of  motion  might 
cause  the  flanges  of  the  wheels  running  along  the  rail,  r  «,  to  press  laterally  against 
said  rail.  Consequently,  after  passing  the  throat,  w  t.  Fig  22,  they  would  press  against 
theVing,  tc:  and  passing  between  eand  P,  they  would  leave  the  track;  or  strike 
the  sharp  end  of  P,  breaking  it,  and  endangering  the  train.  To  prevent  this,  the 
ffuard-rail,  0.  Fig  1,  Is  placed  so  near  the  rail,  b  h  (say  1%  to  2  ins  from  it),  that  the 
flanges  at  6  A,  while  passing  between  it  and  g,  prevent  those  at  the  opposite  rail 
from  pressing  against  the  wing,  i  c.  Fig  22,  and  from  striking  the  point ;  and  guide 
them  safely  along  their  proper  channel,  im.  Similarly,  if  wheels  be  rolling  ftx>m 
A  toward  D,  Fig  1  (the  switch-rails  being  in  the  positions,  qm^ps\  the  centrifugal 
force  due  to  the  carve  would  cause  the  flanges  to  press  against  the  rail,  ex,  and 
against  the  wing,  torn.  Fig  22,  thus  rendering  the  train  liable  to  the  same  kind  of 
accident  as  In  the  preceding  case.  This  is  prevented,  in  the  same  manner  as  before, 
by  the  guard-rail,  g',  Sig  1,  which  ke^>8  the  flanges  in  their  proper  channel,  w  e, 
Fig  22. 

The  narrow  flance-way  between  the  guard-rail,  y,. Fig  1,  and  the  rail,  6%, 
•lioald  extend  at  least  a  foot  ea(di  way  from  a  point  directly  opposite  the 
point,/,  Fig  23,  of  the  fk^g..  In  a  distance  of  at  least  about  2  ft  more  at  each  of  its 
ends  the  guard-rail  should  flare  out  to  i^out  3  ins  from  the  rail,  6  A,  so  as  to  guide 
the  flanges  into  the  narrow  channel.    The  same  with  g\ 

Clnard-ralls  haTe  to  resist  a  stronip  side  pressnre^  and  should 
be  very  firmly  secured  to  the  wooden  cross-ties.  This  is  u»ii«lly  done  by  bolting 
against  th^m  two  or  more  itoot  Uooka  of  Itee!,  or  of  wrought  iron,  which,  in  tan% 
sre'  bolted  to  the  tiea. 

Art.  35.  The  east-iron  froir«  as  first  made,  had  no  proTision  for 
festeniniir  it  to  the  rails  t  but  was  simply  bolted  to  the  cross-ties.  It  was 
afterwards  provided  with  a  recess  at  each  end,  of  the  elact  shape  and  size  of  the  end 
of  the  rail.  The  rail  ends  were  inserted  into  these  recesses,  and  the  frog  was  thus 
kept  in  line  with  the  rail.  In  frojcs  made  of  rails,  the  same  purpose  is  served  l»y  fish- 
er angle -phites,  by  wliich  the  ends  of  the  frog  are  secured  to  those  of  the  rails. 

Art.  26.  The  leuK^th,  a  g^  Fig  23,  of  a  cnst4ron  frog.  usuHlly  varies  from 
4  to  8  ft ;  and  depends  upon  the  angle,  o/<,  at  which  the  rails,  e  x  and  r  z.  Figs  1  and 
23,  cross  each  other.  This  is  called  the  froflr-anirle.  This  angle  may  be  expressed 
either  in  degs  and  mins,  or  In  the  number  of  times  the  width  of  the  tongue  on  any 
line,  as  o «,  Fig  23,  is  contained  in  the  distance,  gf,  ft-om  the  point./,  to  the  center, 
g  of  that  line.  This  number  is  called  the  frotr  nnmber.  Thus,  If  the  angle, 
oft.  Fig  23,  is  such  that  the  length,  gf,  is  8,  4,  or  10,  Ac,  times  the  width,  o «,  the 
frog  Is  called  a  No  3,  4,  or  10,  Ac,  frog.  Fig  23  is  a  No  8 ;  Fig  22,  No  6.  Frogs  are 
usually  made  of  Nob  4  to  12 ;  sometimes  vrtth  half  numbers,  as  7^,  8J^,  *c.  ^       ^ 

Art.  27.  Draw  two  panOlel  lines,  6  h\  d  d\  for  the  top  of  rail,  e  «,  Fig  23,  and 
h  V,  k  A/,  for  that  of  rail,  r  » ;  crossing  each  other  at  the  required  angle.  Then  the 
Intersection,/,  of  lines  dd'nndh h'  is  the  theoretical  point  Of  the  f^Qf  •  As 
this  point  would  be  too  narrow  and  weak  for  service,  it  is  in  practice  rounded  olT 
where  the  tongue  Is  aboutV^  inch  wide,  as  shown.  If  the  frog  is  to  be  simply  abutted 
to  the  rail-ends,  •»,  Fig  23,  as  in  some  cast-iron  fiogs,  the  length,/^,  need  be  only 
great  enough  to  give  a  width,  <o,  sufficient  to  accommodate  the  rail-ends,  *  and  «, 
and  the  heads  of  the  two  spikes  at  v  which  confine  them  to  the  ties.  If  desired,  a 
portion  of  the  flange  of  each  rail-end  may  be  cut  away  so  that  the  rail-heads  come 
together;  thus  diminishing  the  width  necessary  for  i  o,  and,  of  course,  the  distance, 
fg.  In  the  case  of  cast-iron  frogs  provided  with  recesses  for  holding  the  rail-ends, 
M  in  Art  26,  the  width,  o  t,  and  length,  fg,  must  of  course  be  greater. 

In  fW>ffS  made  of  rails,  the  lenirth  must  be  such  that  the  rail-ends, 
M  and  as.  Fig  2S,  are  far  enough  apart  to  give  room  for  fitting  to  their  inner  sides  the 
■plice-plates  by  which  they  are  connected  with  the  l^og.  Where  on^Ie-plates  art 
BMd,  this  distance  must  be  greater  than  in  the  case  of  .^-platee. 


y  Google 


836 


TURUOOTS. 


1!^  15  ^11  mt 

„  a  J  tc.2  M  aJ  « 
O  O  o  ID^-S  «  ,- 


»   ^    3 


It 


lis    «5    «-2i^|5|| 

«  S-r,."3  1  rt  «  © 


y  Google 


TDBHOmB. 


887 


into  recesses  let  into  the  sides  of  the  throftt-pieees  and  blocks.  The  elamps 
are  prevented  Orom  Blldliifir  hj  clips  riTcted  on  the  flftnffes  of  the  rails. 
Great  care  is  Uken  to  have  all  the  a^Joinliiir  surfaces  In  lull  4M>iitaet 

wiih  ea^  oilier,  throughout,  so  as  to  diminish  the  liability  to  wear. 

Art.  33;  In  stiff  frogs  the  parts  are  held  together  bf  bolts  passing  throuffh 
the  rails  and  the  throat-pieces.  In  some  there  are  no  throat-pieces,  and  the 
four  mSiB  forming  the  froff  are  riveted  to  a  wrought-iron  plate.  All  of  these 
frogs  can  be  made  of  any  desired  length  and  to  any  desired  angle. 

Art.  33.  Tlie  stasidard  lesiyth  of  stUT frogs  fh>m be  tod z,  tor  Nos 
4  to  8.  inclusive,  is  8  ft :  Nos  9  and  JO,  9  ft ;  Nos  11  and  12, 10  ft ;  No  15. 12  ft. 

Art.  34tf  In  the  W«ir  UroK  (Weir  Frog  Oo.,  Cincinnati,  Ohio\  Vlg*.  26  A, 
26  B  and  26  G,  the  notching  «f  the  mnin  or  long  point,  s,  to  receive  the  short  point 
d,  is  avoided  by  forging  kHe  latter,  under  hydraulic  pressure,  to  fit  the  former  whieh 


Trig,  fSQA. 

r  die  in  the  forging  process.    The  rail  forming  tbe  long  point  •  is 
)  where  the  two  pdnU  are  in  contact,  as 


li  used  as  the  upper  die  in  tbe  forging  process,  xne  raii  lormwg  cne  mug  i 
thus  preserved  intact  throughout  the  space  where  the  two  pdnU  are  in  ooi 
shown  in  tise  section  a*  so^Vig.  26B.    The  short  poist,  d,  is  held  tightly 
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and  under  the  be«l  oft  the  long  point  «,  by  the  tightening  of  the  tnitson  the  bolts 
(whieh  are  provided  with  nut-locks),  and  thus  gives  It  addftioaat  support. 

The  long  fll«ing-blocks,  I U  are  forged  hi  dies  ftwm  wrought  brow  or  sleeL    They 
are  then  planed  to  fit  the  p<^t  rails,  drilled,  and  bolted  as  fhown. 

Art.  85.    Tlie  ol4«c><>  in  rediioliiBr  the  ^^**  •^  **«  f ''^"!!^!!* 

tor  some  distance  eacff^way  from  the  point,  /,  Fig  ^,  so  as  barely  to  admit  the 
flauffes  freely,  is  to  allow  tbe  treads  of  the  wheels  to  have  as  much  bearing  as  pos- 
sible unon  the  whjjre  and  tongue  wWle  moving  over  the  broedest  part  of  the  chan- 
nel nX/.  In  fr^*  shorter  than  about  No  4,  it  is  diffloult  to  secure  sufflcient 
bearine  for  the  tr^ds,  even  with  the  utmost  allowable  contraction  of  the  channel, 
when  the  width  of  the  tires  is,  as  usual,  about  6  ins.  lu  the  earliest  frogs  this  diffl- 
culty  was  partially  overcome  by  gradually  ralsinar  tlie  liottom  of  the 
ehannel  between  the  point  and  wings,  so  that  the  wheels,  in  traversing  that  part, 
ren  upon  their  JUrngts  instead  of  upon  their  tr^adg.  The  jar  occasioned  by  the 
tread,  in  striking  s^iinst  wing  and  point,  was  thus  avoided.  This  arrangement  is 
stillused  in  cr<»i«n/7<,  where  the  tracks  cross  at  a  very  obtnse  angle,  and  where, 
consequently,  the  wings  can  give  little  or  no  support  to  the  treads.  Tlie  flanges, 
however  soon  cut  gutters  in  the  bottoms  of  the  channels,  and  thus  increase  theif 
depths,  ao  that  the  treads  strike  the  wings  and  point,  as  in  the  ordinary  frog. 
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If  tb«  beariBff  between  the  bead  of  tbe  B|nriDg^r»U  «  and  tbaifc  of  tbe  point- 
rail/,  is  too  short,  a  ridge  woru  on  the  outer  edge  of  the  tread  of  a  wheel  G  pass- 
ing from  B  toward  A,  may  dr<4>  between  the  spring-rail  and  tbe  point-rail  when 
it  reaches  a  place,  near/,  where  the  point  is  narrower  than  the  n^utter  worn  in 
the  wheel-tread.  The  ridge  is  then  liable  to  wedge  the  spring-rail  »  away  fiom 
the  point/.  To  avoid  this,  the  wingr  w  of  tbe  spring-rail,  and  its  bearing  against 
the  point-rail,  have  been  lengthened  in  the  present  pattern,  thus  giving  a  wider 
bearing  and  keepinethe  ridge  of  a  worn  wheel-tread  on  top  of  the  rails  until  the 
trcft  has  been  paesea.  The  standard  length  for  either  style  of  sprinsr- 
rall  fk*09,  and  for  any  angle,  is  15  feet. 

Since  spring-rail  frogs  do  not  present  a  flill  bearing  to  wheels  enterinf  or  lea  v. 
ing  the  turnout,  but  only  to  those  passing  to  and  fro  on  the  main  ttvek,  they  are 
most  useful  where  the  greater  part  of  the  traffic  moves  on  the  main  line,  and 
where  but  few  trains  use  the  turnout. 

Art.  37.  In  ordering  froffS,  give  the  frog  angle  or  number,  and  the 
exact cro8.s-section  of  the  railuseil  on  the  road. 

Art.  38.  For  sprinfp-rail  fronts,  speeiiy  also  whether  the  turn- 
r  left  hand.    '     "  "    ■  —  -  -''   •        ' 


out  is  to  the  riglit  or 

Art.S9. 


In  tbe  case  of  sl^iroga,  this  is  not  necessary; 
The  lay! nir*oai  of  Tnmonts. 


In  each  of  the  Figs  29,  30,  and  31,  wp«  represents  the  main  track.  Tbe  Croir 
distance^  f /,  is  a  straight  line  drawn  from  the  theoretical  point  fU'/rog^ft  to  the 
beel,p,  of  that  »witch*rail  which,  when  opened,  forms  th6  inner  rail  of  the  turnoHL 
Formerly,  when  the  turnout  curve  was  taken  as  starting  at  the  toe  of  the  switch,  the 
frog  dist  was  a  straight  line  from  the  tlieoretical  point  of  frog  to  tbe  toe,  m.  Fig  4. 
of  the  outer  switch-rail,  q  m,  when  upt lud. 

Scmpnloiis  accuracy  is  not  necessary  in  thase  matters.  Thus,  a  deviation,  either 
way,  of  say  3  per  cent  in  the  length  of  the  turnout  radiua  from  that  given  by  tbe 
table  or  the  formulas,  wiH  be  almost  inappreciable.  So  too,  if  a  frog  numlwr  should 
be  naed,  intermediate  of  those  in  the  first  column  of  the  table,  the  otJier  dime  us  ions 
may  be  found,  approximately  enough,  by  using  quantities  similarly  in  term  edi  ate. 
A  rail  almost  alwayB  has  to  be  cut  in  two  In  order  to  fill  up  the  frog  diet;  aud  the 
•xact  length  of  the  piece  cau  be  fonnd  by  actual  meiu^urementatthe  time  of  cutting  it. 

Hem.  Wtien  the  turnout  leaves  a  straight  track,  as  in  Fig  29,  the  TrogT  angrle 
is  equal  to  the  central  angle, /c  o.  When  the  main  track  is  curved,  and  the  turnout 
carves  in  the  oppowite  direction  (Fig  30),  it  is  equal  to  tlio  huiii  (vfn)  of  the 
central  angl^6,/4;n,/nr):  and  when  the  two  curve  in  the  same  direction  (Fig 
81),  it  is  equal  to  the  dlff  (»/c)  of  the  oeutral  angle«,/c  o,/ m  o. 

-^ 
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Art.  40. 


B^ff.SO 


To  lay  Ofit  a  tnrnoat,  p  «k  Wim  99,  from  a  straiirlit 

Jfrom  th«  cuiuiuit  uf  radii  in  the  table  below,  Hetoct  one,  eo,  snit- 
uble  for  tbe  turuont ;  together  with  the  uorrespond* 
iDg  frog  namber,  frog  di8t,ii/,  and  switch  length. 
Place  tbe  frog  eo  that  the  main-line  tide  of  it« 
tougue  shall  be  at  /«,  precUei§  in  line  with  the 
inner  edge  of  the  rail,  to  • ,  and  its  theoretical 
point,  /,  Ht  the  tabular  flnog  diet,  j)/,  from  the 
starting-point,  j».  Stretoh  a  string  from  g  (oppo> 
site  p)  to/;  and  from  it  lay  oif  the  three  ordiiM»tei 
from  the  table;  thus  finding  three  points  (in  addi- 
tion to  q  and/)  iu  the  outer  curve.  Do  not,  how- 
ever, drive  stakes  at  the^e  points ;  but  as  each  oil 
them  is  found,  measure  off  from  it,  inward,  half 
the  gauge  of  the  track;  and  there  drive  stakes. 
Do  the  same  fk-om  q  and/.  The  five  stakes  will  all 
then  be  In  the  dotted  center  line  of  the  turnout.  Fig  '29;  and  will  serre  as  guides  to 
the  work,  without  being  liablH  to  be  displaced.  The  dimensions  In  the  table  below 
are  found  by  the  foliowluff  A>rnialas,  the  main  track  being  straight: 

h«ir'5?.''oT«"Kl.'    -0«5^*F«g«^; 

Trog  Bfo -■  y  Radius  c  o  -»-  Twice  the  gauge. 

Or,  Froe  No ^  Half  the  cotangent  of  half  the  frog  angle. 

Ra<llii8  c  O «  Twice  the  gauge  X  Square  of  frog  number. 

Or,  Ra4linM  c  o ■-  (Prog  dlst  p/-i-  Sine  of  frog  angle)  —  half  the  gang*. 

Or,  liadlus  e  o ■»  (Gauge  -f-  Versed  sine  of  frog  angte)  —  half  the  gaugvw 

Frog:  dlMt  p  I' =>  Frog  number  X  Twice  the  gauge. 

Or,  Fro^  dist  p  f. »  Oauge  |>7  •«-  Tangent  of  half  the  Arog  angle. 

Or,  Frog:  di»t  p  f «•  (Rad  co  +  half  the  gauge;  X  Sin«  of  frog  angle. 

Middle  ord.... »  V^  gunge,  approx  enough. 

Each  side  ord...  "*  %  mid  ord  «>  ^  (or  .188  of  the)  gauge,  approx  enough. 

Throw  in  ft  X  lOOCK) 
Tangential  dist  for  chords  of  MX)  ft,  for  rad  o  o  ol* 
turnout  cunre. 
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TABLB  or  TDRNOUTH  FROM  A  8TBAI6HT  TBACK.    Fig  20. 

Chiuge  4  ft  8^  ins.    Throw  of  switch  5  fns. 
For  any  other  granur®,  the  frog  angle  for  any  given  frog  number  remains 
the  same  as  in  the  table.    The  other  items  may  be  taken,  approx  enough,  to  vary  di- 
rectly as  the  gauge. 
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*  Shortest  length  of  stub  switch  that  will  at  the  same  time  form  part  of  the 
turnout  curve,  and  give  5  ins  throw.  Point  switches  require  only  half  this 
thp»w.  In  practice,  switches  are  frequently  made  much  shorter  thm  the  table 
requires,  thereby  sharpening  the  beginning  of  the  curfffeed  by  VjOOQI^ 
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reniont  approximate  method  was,  i* 
Oieseler.  C.  E.,  of  New  York,  in  1878. 


Art  41*    Tiumowf  Arona  •  eorred  nafttn  tntelB.    The  followiafMn- 

we  believe,  first  published  bf  Mr.  J&  A. 

~     There  are  two  c 


Case  1,  Fig  80;  when  the  two  curves  deflect  in  oppiMite  directions. 
Cat»e  d,  fig  31 ;  when  the  two  eunres  deflect  in  tn«  Mune  directionL 

llavins  determined  approx  upon  a  radius  for  tbe  turnout  curve,  take  from  the 
toble,  p  784,  its  eorreeponding  ifjle<^um  angle,  and  that  for  the  maiu  cnnre.     Jn 
Que  1,  find  the  turn  of  these  two  angles.   In.  Oa$€  2, 
find  their  difference.    In  the  table,  p  840,  find  the 


nN 


d^ctioH  angle  (not  tbe  free  anjele)  nearest  to  the 
sum  or  diff  just  found.  Tne  frog  namber, 
switch  len§:tli  and  fro§:  distance  p/,  in 


the  table,  opposite  the  defleciion  angle  thus  se- 
lected, are  the  nroner  onee  for  tae  fcarnout. 
TlworeticaUy  we  should,  in  Case  1,  add  to  the  tab- 


alar  fVog  distance  pf  about  half  an  inch  per  100  feet  for  each  degree  of  deflec- 
tion anj^le  of  the  easier  of  the  two  curves ;  and,  in  Case  2,  deduct  it ;  but  this 
refinement  is  unnecessary. 
Reflection  anvle  of  tnrnont  cnrve 

(in  Case  1)  =  Tabular  deflection  angle  —deflection  angle  o^main  curve, 

(in  Case  2)  =  Tubular  deflection  angle  +  defle-tion  angle  of  main  curve. 


Ex.  Had  of  main  enrve,  28<I5  ft  Rad  selected  approx  for  tnmoat,  716.8  ft 
Here  the  defl  angles  are,  respectively,  2**  and  8°. 

In  Case  1 ;  8°+ 2^  » lO^*.  Nearest  defl  angles  in  taMe,  p  840, 10^  ftO^  and  9^  81'. 

If  we  select  10°  flO',  we  have  Frog  No,  7|^;  Switch  L'gth,  21  ft;  Frog  Dist  —  70.6 
ft  +  tvnce  J^  in  a.  SKV  70.7  ft ;  Defl  Angle  fbr  turnout  —  lO®  60'  —  20  —  8°  60* ;  Rad 
to  649  ft.    If  we  select  9P  81',  we  have  Frog  No,  8;  Swltcb  L'gth, 

22  ft :  Frog  Dist  ^  75.3  ft  +  twice  l^  in  —  say  76.4  ft ;  Defl  Angle  -^  O^  81 '  —  2^  - 
70  81';  Rad  CO,  say  763  ft. 

In  Case  2  z  8°  —  2<»  «.  60.  Tabular  defl  angles,  p  840,  flP  5'  and  fP  31'.  ^  V 
gives  Frog  No,  10 ;  Switch  L'gth,  28  ft ;  Frog  Dist «  94.2  ft  —  twice  U  in  «  say  94.1 
ft ;  Defl  Angle  -  e©  6'  -f-  20  a-  8°  6';  Rad,  say  709  ft.  60  81'  gives  frog  No,  lOU ; 
Switch  L'gth,  29  ft;  Frog  Dist  «*  98.9  ft  —  twice  ^  in  «->  say  98.8  ft;  Defl  Angle  — 
CP  31'  -J-  2P  »  70  81' ;  Rad,  say  768  ft. 

The  frog*  dist  p  f  may  also  be  found  tlinst 


Tanipent  of  half /n  o  » 


Gauge  X  Frog  No 


Radius  MO. 
Frog*  Dist  p  /»  np  X  tvHce  the  sine  of  half /no. 

Place  the  frog  with  the  main-line  side  of  its  tongue  at/s,  in  line  with  tbe  inner 
edge  of  the  frog-rail, p  s,  of  the  main  line,  and  with  its  theoretical  point,/,  at  the 
4istf  jj)/ (found  as  above),  ftrom  tbe  heel,  p,  of  the  inntr  switch-rail.  Stretch  a  string 
ft>om/ to  the  heel,  o,  of  the  outer  switch-rail.  Measure  the  dist,  9/,  divide  it  into 
four  equal  parts,  and  lay  00"  three  ordinates,  found  thus: 

Middle  ord  ss  (Square  of  half  qf)  -¥■  twice  the  rad  of  turnout  curve.  Each  side 
ord  a  three-fourths  of  middle  ord. 

These  three  ords.  and  the  points  7  and/  give  ns  5  points  of  the  outer  rail  of  the 
lamont  curve ;  and  from  these  we  measure,  inward,  half  tbe  87^<^«  andi  drive  5  ceo 
lar  gnide^takes.  as  in  Art  40.  gitized  byVjDOglt 
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Art*  4«*  To  Had  flfoy  dtotti,  S^  lijr  means  of  »  drawliur  to 
•eole*  The  frog  dist  can  generally  be  found  near  enough  fur  practice,  from  a 
drawing  on  a  scale  of  abont  ^  or  l^  inch  to  a  foot.  And  go  in  tlie  many  caeee  where 
tamonte  oroee  tracke  in  farioua  directions,  in  and  about  stations,  depots,  kc 

Figs  32 and  88  aretotended  merely  to  furnish  a  few  general  tiiots  in  regard  ta 


^i4U. 


moil  drawings.  For  instance,  the  curves  of  a  main  track,  as  well  as  those  of  a  turn* 
«ut,  generally  have  radii  too  large  to  admit  of  being  drawn  on  a  scale  of  ^  inch  to 
a  foot,  bv  a  pair  of  dividers  or  compasses.  But  they  may  be  maD&ged  thus :  Draw 
any  straight  line,  a 6,  lllg  82,  to  represent  by  scale  a  100-ft  chord  of  the  curve,  divide 
it  into  twenty  6-ft  parts,  a  1, 1 2, 2  8,  Ac,  and  lay  off  by  scale  the  19  corresponding 
ordinates,  1 1,  2  2, 8  8,  Ac,  taken  from  the  table  on  page  730.  By  Joining  the  ends 
ef  these,  we  obtain  the  reqd  carve,  ao6,of  the  main  track;  and  of  course  can  draw 


Fiff.88. 


the  inner  line,  y  t,  distant  flrom  It  bv  scale  the  width  of  track,  aav  4  ft  8^  ius.  Now 
let  acb  and  y  ^  Fig  S8»  be  a  curved  diain  track  so  drawn;  and  let  any  point  in  be 
taken  as  the  starting-point  of  the  turnout,  m  v,  Ac.  On  each  side  of  m  measure  off 
any  two  equidistant  points,  n  and  «,  in  the  same  curve;  and  through  m  draw  ag^ 
parallel  to  nn.  Then  is  mg  a  tang  to  the  curve,  y  m  t,  at  m.  Having  determined 
on  the  rad  of  the  turnout  curve,  m  v  e,  draw  that  curve  by  the  same  process  as  before;, 
first  lining  off  the  an^[e«  g  >a  it  equal  to  the  tangential  angle  of  the  curve,  taken 
from  the  table,  p  788.  Then,  be^nning  at  m,  lay  off  5-feet  diets  along  m  i;  and  from 
them,  as  in  Fig  82,  draw  the  ords  corresponding  to  the  turnout  curve.  Through  the 
ends  of  these  ords  draw  the  curve,  m  v «,  itself.  Then  the  frog  dist  will  be  the 
straight  dist  ftrom  c  to  v,  and  can  be  measured  by  the  scale,  within  a  few  inches;  or 
near  enough  for  practice.  The  middle  ord  of  the  arc,  m  «,  cannot  be  found  correctly 
by  to  small  a  scale  as  hi  inch  to  a  fooL  but  should  he  calculated  thus :  From  the 
square  of  the  rad  take  the  square  of  half  the  chord,  m  v.  Take  the  sq  rt  of  the  rem. 
Subtract  this  sq  rt  from  the  rad.  If  two  other  ords  should  be  desired,  half  way  be- 
tween m  and  v  and  the  center  one,  they  may  each  be  taken  as  ^  of  the  center  one. 
Hake  the  switch-rail  long  enough  to  leave  23/^ins  at  Its  toe  between  m  n  and  m  a. 

Hie  fr<v  angle  at  e  will  be  equal  to  the  angle,  rvd,  formed  between  the  tang,  v  r, 
to  the  curve,  acb\  and  the  tang,  v d,  to  the  curve,  mve.  These  tangs  are  found  in 
the  same  way  aamg;  namely, for  ^e  tang> v r, lay  off  from  v  two  equidistant  points, 
k  and  ik,  on  the  curve,  acb;  and  through  v  draw  v r  parallel  to  hh.  Also,  for  « d, 
lay  off  from  v  any  eouidistant  points,  u  and  u,  en  the  curve,  mve,  and  through  v 
draw  V  d  parallel  to  them.  This  angle  may  be  measured  by  a  protractor.  Or,  if  on 
the  two  tangs  we  make  «  4  and  v  4  equal  to  each  other,  and  4raw  the  dotted  line  44; 
and  from  its  center  at  6  draw  6  v ;  then  6  v  divided  by  4  4  will  give  the  No  of  the  frog. 
IFith  care,  and  a  little  ingenuity,  the  young  student  will  be  able,  by  similar  proc- 
esses, to  solve  graphically  any  turnout  case  that  may  present  itself.  The  method 
ty  a  drawing  has  great  advantages  over  the  tedious  and  complicated  calculationa 
which  otherwise  become  necessary  in  cases  where  curved  and  straight  tracks  inter* 
sect  each  other  in  various  directions.  The  drawing  serves  as  a  check  against  serious 
errors,  which  would  be  detected  at  once  by  eye.  None  of  the  graphictal  measure- 
ments will  be  strictly  accurate ;  but  with  care,  none  of  the  errors  need  be  of  prao* 
Heal  importance. 
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Art*  4S*  Aa  McpertoDoed  traek-layftr,  with  a  good  ey«,  ean  place  trn  own  gulde- 
vCakM  by  trial  on  tb«  ground;  and  by  them  lay  nis  tarnonta  with  an  accuracy  as 
practically  useftil  as  the  most  scmpulons  calonlations  of  the  engineer  can  secure. 

The  following  example.  Fig  S4,  of  a  turnout  Arom  a  straight  track,  Y  Z,  exhibits  • 
oommon  case,  in  which  ail  the  work  may  be  performed  on  the  ground,  without  pre- 


vious ealoulatloD.  Let  <«  o  be  th«  tongue  of  a  frog,  with  which  the  assistant  hat 
been  directed  to  make  a  turnout  from  Y  Z ;  and  that  be  has  received  no  instrucUons 
more  than  that  the  turnout  must  start  at  (2,  and  terminate  in  a  track,  W,  to  be  laid 
parallel  to  Y  Z,  and  distant  fh>m  It  r  »  or  r  a.  equal  to  6  fL 

Place  the  tongue  of  the  frog  by  guess  near  where  it  must  come,  having  its  edge, 
vi^prfduljf  in  line  with  the  inner  or  flange  edge  of  the  rail,  br.  Then  stretch 
a  piece  of  twine  along  the  edge,  o  v,  of  the  frog,  and  extending  to  dg.  Try 
by  measure  whether  «  e  is  then  equal  to  e d;  and  if  it  is  not,  move  the  frog  along 
the  line,  b  r,  until  those  two  dists  become  equal.  Then  is  «  the  oroper  place  for  the 
point  of  the  frog ;  6  v  is  the  frog  dlst ;  one-half  of  o  « Is  the  length  of  the  middle  ord 
of  the  turnout  curve,  d  v ;  and  if  two  intermediate  ords  are  needed  at  t  and  <,  each 
of  them  win  be  ^  of  said  middle  one. 

The  frog  being  now  placed,  proceed  thus :  Place  two  stakes  and  tacks,  x  and  »,  at 
the  reqd  inter-track  dlst,  ra  and  rs,  of  6  ft  from  the  rails,  6  r.  Then  range  by 
pieces  of  twine  »x  and  v/,  to  find  the  point,  n,  of  intersecti(m.  Then  measure  n  iv 
and  make  n  m  equal  to  it.  Then  is  m  the  end  of  the  reverse  curve,  v  m,  of  the  turn- 
out. The  ords  of  this  curve  may  be  found  as  l>efore;  one-half  of  ni;  being  the 
middle  one,  Ac 

Rxjf .  1 1  mny  frequently  be  of  use  to  remember  that  in  any  arc,  as  v  m,  of  a  circle ; 
V  n  and  m  n  being  tangs  ftx>m  the  ends  of  the  arc ;  one-half  of  the  dlst.  A;  n,  is  the 
middle  ord,  k  «,  ot  the  curve ;  near  enongh  for  most  practical  purposes,  whenever  the 
length  cf  the  chords  rm^of  the  arc  it  not  greater  than  one-halj  the  rod  of  the  circle 
lif  whidt  the  are  i$  a  part  Or,  within  the  same  limit,  vice  versa,  if  we  make  k  n  equal 
to  twice  Mm,  then  will  n  be  very  approximately  the  point  at  which  two  tangs  from 
the  ends  of  the  arc  will  meet.  Also,  tlie  middle  ord  of  the  half  arc, «  «  or  «  m,  may 
be  taken  ae  ^  of  the  middle  ord,  ilrs^  of  the  whole  arc 
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TUENTABLES. 


Art.  1«  A  tnmtable  !■  a  platfomi,  lunally  from  40  to  «0  ft  long  and 

aboat  6  to  10  ft  wide  (see  Fig  1.)  npon  which  a  locomotive  and  its  tender  may 
be  run,  and  then  be  turned  aroaud  hor  through  any  portion  of  a  circle;  and  thus  be 
transferred  from  one  track  to  another  forming  any  angle  with  it.  The  table  is  sup- 
ported by  a  pivot  under  its  center;  and  by  wheels  or  rollers  nnder  its  two  ends. 
Frequently  other  rollers  are  added  between  the  center  and  ends.  Beneath  the  plat- 
form is  excavated  a  circular  pit  about  4  or  6  ft  deep,  having  its  circnmf  lined  with 
a  wall  of  masonry  or  brick  about  2  ft  thick,  capped  with  dther  cut  stone  or  wood. 
The  diam  of  the  pit  in  clear  of  this  lining  is  about  2  ins  greater  than  the  length  of 
the  turntable.  The  lining  is  generally  built  with  a  step,  as  seen  in  Fig  1,  for  sup- 
porting the  circular  rail  on  which  the  end  rollers  travel ;  or,  instead  of  this  step,  a 
detached  support  may  be  used  for  this  circular  rail,  as  at «,  Fig  11.  At  the  center 
of  the  pit  is  a  solid  well-founded  mass  of  masonry  or  timber,  for  the  pivot  to  rest 
on,  as  seen  in  Fig  1.  This,  as  well  as  the  step  for  the  end  rollers,  should  be  very 
firm,  and  perfectly  level ;  otherwise  the  platform  will  be  hard  to  work.  The  plat- 
form is  frequently  floored  across  for  a  width  of  6  to  10  ft  to  furnish  a  pathway 
across  the  pit,  without  stepping  down  into  it;  especially  when  under  cover  of  a 
building.  At  first  they  were  floored  over  so  as  to  cover  the  entire  circular  pit;  but 
this  increased  not  only  their  cost  but  their  wt,  so  as  to  make  them  dlflScnlt  to  turn ; 
besides  causing  much  expense  for  repairs;  with  greater  trouble  in  making  them. 
It  is  therefore  rarely  done  at  present,  except  where  want  of  space  sometimes  ren- 
ders it  necessary  in  indoor  turntables. 

For  tbe  mlnlmuiii  len§:tli  of  a  tnmtable,  add  firom  lU  to  2  ft  to 
the  total  wheel  base  of  the  longest  locomotive  and  tender  for  which  it  is  to 

be  used ;  but  a  turntable  should  be  several  feet  longer  than  is  necessary  for  merely 
allowing  the  engine  and  tender  to  stand  on  it;  for  the  increased  leng^  enables  the 
engine-men  to  move  them  a  little  backward  or  forward,  so  as  to  balance  them  chiefly 
npon  the  centml  support;  and  thus  relieve  the  end  rollers.  By  this  means  the  ft-ic- 
tion  while  turning  is  confined  as  much  as  poflsible  to  the  center  of  motion;  and  ia  there* 
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fore  more  readily  OYercome  tfaan  if  fl  were  aHoved  to  act  at  tlie  circumf.    Th« 
.  •Dgine-men  soon  learn,  by  feding,  the  proper  spot  Ibr  stopping  the  engine  so  as  thue 
to  balance  the  platform. 
Art.  2.    Figs  1  to  6  represent  the  Sellers  cast-iron  turntable  of  Wm 

Sellers  &  Co.,  Piiila.  It  consists  of  two  cast-iron  gilders  of  about  1%  ins  avera^s 
thickness,  perforated  by  circular  opeaings  to  save  metaL  One  of  these  girders  is 
shown  in  Fig  1 ;  and  parts  of  one  in  Figs  3  and  4.  Each  girder  is  in  two  separate 
pieces,  which  are  fastened,  as  shown  in  Figs  1,  3,  and  4,  to  a  hollow  cast-iron  "cen- 
ter-box,'* A  B,  Figs  2, 3,  4,  and  6,  by  means  of  2^  inch  screw-bolts,  at/,  Fig  3;  and 
by  hur  bars,  o  o,  of  rolled  iron  about  Z%  ins  square,  fitting  into  sunk  recesses  on 
top  of  the  boxing,  and  tightened  in  place  by  wedges,  1 1,  screw-bolted  beneath. 

Art.  3.  The  sides  of  the  center-box  are  about  1%  ins  thick.  It  is  sus- 
pended from  the  steel  cap,  C,  by  8  screw-bolts  2  ins  diam.  On  its  lower  side 
this  cap  has  a  semi-cyUn(lri<^  groove  extending  across  it,  transverselv  of  the 
track,  as  shown  in  Fig  6.  This  groove  fits  over  a  corresponding  semi-cylindrical 
ridge  on  the  top  of  the  cast-iron  ^'  socket,**  t  (so  called),  on  which  the  cap  thus 
rests.  The  socket,  in  turn,  rests  upon  tlie  upper  one,  u,  of  two  annular  steel  plates, 
u  and  V,  which  form  a  circular  box  containing  16  steel  Conical  autl* 
fk'iction  rollers,  d  d.  Figs  2,  5,  and  6.  These  are  about  3  ins  in  length,  and 
in  greatest  diam.  They  have  no  axles,  but  merely  lie  loosely  in  the  lower  part,  t>, 
of  the  circular  box ;  filling  its  circumf  with  the  exception  of  about  l^  inch  left  for 
play.  In  the  direction  of  their  axes  they  have  J^  inch  play.  The  lid,  u.  of  tt 3  cir- 
cular box,  rests  upon  the  tops  of  the  rollers,  which  separate  it  from  v  by  at-^mt  J^ 
inch.  V  rests  upon  the  top  of  the  hollow  cast-iron  post.  P,  which,  by  ineana 
of  its  flanges,  is  bolted  to  the  cap-stone,  M,  of  the  foundation  pier. 

In  order  to  insure  a  perfect  bearing  of  the  revolving  suifaces.upon  eacn  other, 
and  thus  diminish  the  liability  to  abrasion,  the  rollers,  d  d,  and  the  insides  of  the 
box  in  contact  with  them,  are  accuraitely  finished,  as  are  also  the  top  and  bottom  of 
the  roller-box,  and  the  surfaces  of  the  socket,  «,  and  post,  P,  in  contact  with  them. 
The  rollers  are  oiled  by  means  of  the  spaces  shown  by  the  arrows  in  Fig  2. 

Art.  4.  Aiyustnient  of  the  heJ§:bt  of  the  table.  By  turning  tha 
nuts,  N  N,  of  the  8  screw-bolts  which  supj)ort  the  table,  the  latter  may  be  raised  or 
lowered  1  or  2  Ins;  the  cap,  C,  socket,  «,  and  roller-box,  u  t>,  remaining  stationary 
on  top  of  the  post,  P.  All  turntables  should  have  the  means  of  making  such 
adjustment  Before  the  nuts,  N  N,  are  finally  tightened  up,  the  blocks,  w  w, 
of  hard  wood,  cut  to  the  proper  thickness  for  the  desired  ht  of  the  table,  are 
inserted  between  the  cap,  0,  and  the  top  of  the  center^box,  A  B,  as  shown. 

The  ht  of  the  table  should  be  such  that  each  of  the  wheels  at  its  outer 
ends  shall  be  l/i  inch,  in  the  clear,  from  the  circular  rail  on  which  they  travel. 

Art*  ff.  At  each  of  the  outer  ends  of  the  table,  the  two  girders  aVe  connected 
transversely  by  heavy  cast-iron  beams,  called  **  cross-sir t»."  These  project 
beyond  the  girders,  and  carry  the  cast-iron  end-wheefs,  2U  ins  diam,  2  at  each 
end  of  the  platform.  The  treads  of  these  wheels  are  but  about  3  or  4  ins  below  the 
bottoms  of  the  girders,  and  the  wheels  therefore  do  not  require  any  considerable 
depth  of  pit  for  their  accommodation.  In  order  that  they  niay  roll  freely,  their 
treads  are  coned,  and  their  axles  are  made  radial  to  the  circular  turntable  pit.  In« 
temiediate  transverse  connection  between  the  main  girders,  is  secured  by  the 
wooden  cross-ties  notched  upon  them  to  support  the  rails,  and  frequently  10 
or  12  ft  long,  for  giving  a  wide  footway  across  the  pit.  A  lever,  8  or  10  ft  long, 
fitting  into  a  staple,  is  used  for  turning  the  table,  not  on  account  of  friction,  but  at 
a  handle  for  the  workmen. 

Art.  6.  The  eemi-cylindrlcal  shape  of  the  Joint  between  the  cap,  0,  and  the 
■ocket, «,  permits  the  slight  longitudinal  rocking  motion  of  the  turntable  which 
takes  place  when  a  locomotiva  comes  upon  it  or  leaves  it ;  but  prevents  it  from  tip- 
ping sideways,  as  it  was  apt  to  do,  when,  as  formerly,  the  cap  rested  directly  upon 
the  lid  u  of  the  roller-box,  and  the  top  of  the  post  P  was  hemispherical,  forming  a 
ball-and-socket  Joint  with  a  casting  upon  which  the  roller-box  rested. 

Art.  7.  Ten  sizes  of  these  turntables  are  furnished  for  locomotive  use. 
The  diameters  are  as  follows :  70  feet,  65  feet,  60  feet,  56  feet,  64  feet,  60  feet  ^ftwo 
patterns),  46  feet,  40  feet,  30  feet  and  12  feet.  For  prices,  weights,  dimensions  of  pit 
and  foundations,  timber  required,  etc ;  address  William  Sellers  Sc  Co,  1600  Hamilton 
St.,  Philadelphia.  Machinery  for  turning,  being  considered  unnecessary,  is  not  at- 
tached, unless  specially  ordered.    Its  cost  is  extra. 

The  entire  cost  of  excavating  and  lining  the  pit;  foundation  for  pivot;  circular 
rail  for  end  rollers,  Ac,  complete  for  a  56-ft  turntable  will  vary  firom  $1200  to  $2600 
in  addition,  depending  on  the  class  of  materials  and  workmanship;  and  whether  the 
bottom  of  thepit  is  paved  or  not. 

Art.  8.    The  iiriSLem  of  turntables  are  now  very  generally  made  of 
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rolle4>lroa  plates,  Meh  slrder  betng  In  om  piece ;  and  tiie  two  miito  «ird«n 
•re  toeu  eonnected  with  each  other,  ne&r  their  centers,  by  two  erofM-frlrdem 
of  I  or  channel  beams,  or  of  plate-Iron,  one  on  each  side  of  the  central  pivot.  These 
eross-girders,  and  the  sides  of  the  main  girders  between  them,  form  a  sort  of  rectan* 
gnlar  box,  corresponding  to  the  oast-iron  center-box  of  the  Seliers  table.  Arts  2  and 
S.  The  arrangement  of  the  center  bearing  apparatus,  and  the  manner  in  which  it 
is  connected  with  the  cross-girders,  dilTer  in  the  tables  of  the  several  makers. 

Art.  9.  In  the  plate-iron  turntables  made  by  the  Edfr®  Moor  Bridge  Works, 
Wilmington,  Del.,  the  cross-girders,  G  G,  Fig.  8,  are  of  plate-iron :  and  at  their  ends 
they  have  flanges,  I*  F,  of  angle-iron,  by  which  they  are  riveted  to  the  main-girders,  B. 
In  the  54-ft.  tables  the  cross-girders  are  26  ins.  apart  in  the  clear. 


Enlarged  transverse  section  of  roller- 
box  ACf  on  center  line  of  Fig  8. 


Art.  10.  The  bolts,  H,  by  wbleb  the  tiible  Is  ewpended  ftt>m  the  cap,  0,  are 
•Iz  in  number,  and  are  arranged  in  two  rows  of  three  bolts  each,  one  row  being  on 
each  side  of  the  post,  P,  and  between  It  and  one  end  of  the  turntable.  To  each  cross- 
^rder  is  riveted  a  short  hor  bar  of  angle-iron,  tf  J.  Tbrongh  the  hor  flange  of  each 
of  these  two  bars  pass  the  3  bolts,  H,  of  one  row.  The  hor  flange,  bearing  all  the 
wtof  its  girder  and  load,  rests  apon  the  heads  of  these  8  bolts.  To  prevent  the 
flange  from  yielding  under  its  load,  ^ert  stmts  of  angle-iron  are  riveted  to  the  web 
of  the  cross-girder  between  the  bolts.  Two  of  these  stmts  are  shown  at  K  K,  Fig  7. 
Their  ends  abnt  against  the  upper  flange  of  the  cross-girder,  and  against  J  J. 

The  6  bolts,  H  H,  pass  up  through  the  flanges  of  the  cap,  C  (three  bolts  through 


each  flange),  and  their  nnts  rest  ujion  its  top, 
Art.  11.    Tbe  eap,  0,  Is  held  In  plaee 

iangee  which  extend  down  from  it  on  both  sides,  as  shown  in  Fig  7, 


Art.  11.    Tbe  eap,  0,  Is  held  In  |»laee  on  the  socket, «,  by  means  of 


The  rollers*  <2d,  and  tbe  roller-box,  u  v,  are  those  made  by  Wm.  Sellers  A  Co, 
Phila,  Art  3. 

The  lit  of  tbe  table  may  be  a^f  asted,  within  a  range  of  2  or  3  ins,  by 
means  of  the  nuts,  N  N,  as  In  the  Sellers  table.  Art  4. 

The  lower  part,  v,  of  the  roller-box,  instead  of  resting  directly  upon  the  post,  P, 
as  in  the  Sellers  table,  Art  3,  rests  upon  an  iron  casting,  L.  which,  in  turn,  rests  upon 
the  post,  P,  and  is  held  in  place  upon  it  by  a  lug  which  projects  down  into  it. 

The  post  is  built  up  of  plate-  and  angle-irons  riveted  together,  and  may  be  a  hol- 
low truncated  square  pyramid,  as  shown,  or  of  other  shapes.  Those  presenting  the 
shape  of  a  cross  in  hor  section  have  the  advantage  of  being  accessible  for  painting 
and  inspection. 

Art.  12.  The  main  §:irders  are  braced  by  hor  diag  rods,  whose  ends 
ere  e^rawn  at  d.  Fig  8.  These  rods  are  provided  with  sleeve-swivel  tura-buckles,  by 
which  they  may  be  tightened  or  loosened. 

The  remarks  in  Art  6  on  the  end  wbeels  of  the  Sellers  table  apply  also  te 
those  of  the  Edge  Moor,  except  that  in  the  latter  the  wheels  are  25  ins  in  diam,  and 
the  cross-girts  which  carry  them  are  of  angle-iron.  The  wheels  are  fastened  to  their 
axles,  which  turn  in  brass  bearings  enclosed  in  cast-iron  Journal-boxes.  Each  box 
is  provided  with  means  for  raising  or  lowering  it ;  and  the  brasses  are  rounded  on 
top,  so  as  to  insure  a  uniform  bearing,  no  matter  what  inclination  may  be  given  to 
tbe  axle  by  the  vert  ac^ustment  of  the  Journal-boxes.  _  , 
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Wooden  tamtables,  with  none  but  two  oommon  wheel  rollers  at  etch 
mid  of  the  platform,  are  soDiHtimet  resorted  to  from  motives  of  original  cost. 
They  are,  however,  much  harder  to  turn,  genwrally  requiring  two  men,  aided 
by  wheel wurk ;  aod  are  more  liable  to  get  out  of  order;  and  more  expensive  to 
repair.  They  are  made  of  a  great  variety  of  patterns,  boih  as  regards  the 
girders,  and  the  central  pivots,  end  rollers,  Ac.  Frequently  an  addition  is  made 
of  8  to  12  small  rollers  traveUing  on  a  circular  rail  of  6  to  12  feet  diameter, 
arouod  the  pivot  as  a  center.  These  are  intended  to  sustain  the  whole  weight; 
the  end  rollers  being  so  adjusted  as  to  touch  their  rail  only  when  the  plattorm 
rocks  or  tilts  as  Che  engine  enters  or  leaves  it.  Tberelore,  there  is  less  resistance 
from  friction  than  when,  as  in  Figs  11,  there  are  only  the  end  rollers  r.  In  this 
last  case,  the  engine  and  tender  cannot  be  balanced  so  precisely  upon  the 
slender  central  pivot,  as  to  prevent  a  great  part  of  the  weight  from  being 
thrown  upon  the  enci  rollers;  thus  materially  increasing  the  friotional  re- 
sistance. 


In  plan,  these  wooden  platforms  are  sometimes  in  shape  of  a  cross ;  that  is,  ia 
addition  to  the  main  platform  for  rlie  engine,  there  is  another  transverse  or  at 
right  angles  to  it.  also  extending  across  the  pit;  and  having  end  rollers  travel- 
ling on  the  circular  rail.  Thus,  in  Figs  11,  (which  show  one  of  the  many  modes 
of  tramiug  a  taole  which  has  onlv  a  central  pivot/,  and  end  rollers  r,)  the  main 
platform  rests  en  the  girders  c,  which  are  strengthened  l>elow  by  braces  a;  while 
the  transverse  one  rests  on  the  timbers  o,  o,  which  must  be  imagined  to  extend 
across  the  pit.  One-half,  or  one  arm,  of  this  transverse  platform  is  intended  to 
carry  the  wheelwork  B22,  for  turning  the  platform;  and  the  other  arm 
serves  merely  as  a  balance  to  it :  therefore,  neither  of  them  requires  to  be 
very  strong.  It  is  important  to  connect  the  four  ends  of  the  two  platforms  by 
four  beams,  as  the  whole  structure  is  therebv  materially  stiffened.  In  the 
figures  the  wheelwork  Rx  2  is  for  convenience  unproperly  shown  as  if  it  stood 
upon  the  main  platform. 


TR.SEC.AT  CENTER  SIDE-VIEW 


J  ifc  « ■ 


The  figures  need  but  little  explanation.  They  represent  ac  actual  40-foot 
platform,  which  has  been  in  use  for  some  years.  The  convex  foot /of  the 
central  pivot,  about  6  inches  diameter,  should  be  faced  with  steel :  and  should 
rest  on  a  steel  sUj>  ss.  This  should  be  kept  well  oiled;  and  protected  from 
dust  by  a  leather  collar  around  p,  and  resting  on  gg.  Its  upper  part,  about  4 
Inches  diameter,  is  cut  into  a  screw  with  square  threads  about  l/ inch  thick, 
for  a  distance  of  about  15  Inches.  It  works  in  a  female  screw  In  the  strong 
CMt-lron  nut  yj/;  and  serves  for  raising  the  whole  platform  when  necessarjr. 
When  not  in  use  for  this  purpose,  it  is  keyed  tight  to  the  platform,  (by  a  key  at 
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iU  bead  m,)  m  as  to  rwrolte  wHh  it.   Strong  lerew-boltf  «  coanaet  ikm  atrefil 
timbera  at  the  eent«r  of  the  platform. 


B  is  a  Ught  eait4roii  stand  supporting  two  b«Tel  wheels  about  1  foot  diameter, 
which  give  motion  by  means  of  an  axle  d^l^  inches  diameter  to  two  similar 
ones  below,  shown  more  plainly  at  W  and  Y.  These  last  give  motion  by  the 
axle  s  to  the  pinion  e,  (6  inches  diameter,  and  ^  inches  fitce.)  which  turns  the 
platform  by  working  into  a  circular  rack  I,  (teeUi  horizontal.  1  inch  pitch ;  8}^ 
inches  face,)  which  surrounds  the  entire  pit.  This  rack  is  si>iked  to  the  under 
side  of  a  continuous  wooden  curb  H,  which  h  upheld  by  pieces  F,  a  few  feet 
apart,  which  are  let  into  the  wall  J  J,  which  lines  the  pit.  The  short  beam 
M  K,  (about  6  feet,)  which  carries  the  lower  wheelwork,  is  suspended  strongly 
fh>m  the  beams  of  the  transverse  platform  above  it.  Instead  of  the  two  lower 
bevel  wheels  W  Y,  and  the  horizontal  axle  x,  a  more  simple  arrangement  is  to 
place  the  pinion  e  at  the  lower  end  of  the  vertical  axle  a;  and  let  it  work  into 
a  rack  with  vertical  teeth  at  u,  on  the  inner  face  of  the  srone  foundation  of  the 
circular  rail.  For  this  purpose  the  stand  B  should  be  directly  over  u.  There 
are  two  cast-iron  rollers  r,  2  feet  diameter,  8  inch  face,  under  each  end  of  the 
main  platform ;  and  one  under  each  end  of  the  secondary  one. 

Although  this  kind  of  platform  necessarily  has  much  ftiction,  yet  one  man 
can  generally  turn  a  46-ioot  one  by  means  of  the  wheelwork,  when  loaded 
with  a  heavy  engine  and  tender,  indeed,  he  mar  do  it  with  some  diflculty 
by  hand  only,  while  all  is  new  and  in  perfect  order;  but  when  old,  and  the 
curcular  railway  uneven  and  dirty,  it  requires  two  men  at  (he  winches  to  do  it 
with  entire  ease. 

As  before  remarked,  the  resistance  to  turning  is  diminished  by  employing  a 
set  of  ft'om  8  to  12  rollers  or  wheels  r, 
Figs  X2,  about  a  foot  to  15  Inches  in  diam- 
eter, so  arranged  as  to  form  a  circle  8  to  12 
feet  diameter  around  the  pivot.  When  this 
is  done,  the  main  girders  of  the  platform 
are  placed  8  to  12  feet  apart;  and  long 
cross*ties  are  used  for  nupporting  the 
railway  track.  Also,  the  main  girders 
are  sometimes  trussed  by  iron  rods.        Figt*  12* 


Fig  12  shows  the  arrangement  of  these  rollers  r,  which  revolve  upon  a  cir- 
cular track  «;  while  the  platform  rests  on  their  tops  by  the  track  u.  The 
rollers  r  are  held  between  two  wroQvht4ron  rings  o,  •,  abont  8  inehes  deep, 
y£  inch  thick,  which  also  are  carried  by  the  rollers.  From  each  roller  a  radial 
tte>rod  1 1  inch  diameter,  extends  to  a  ring  n  n,  which  surrounds  the  pivot  t>, 
closely,  out  not  tightly,  so  as  to  revolve  independently  ef  it  These  tie-rods 
keep  the  rings  oo  at  their  proper  distance  from  the  pivot,  so  that  the  rollers 
cannot  leave  the  rails  i  and  u.  Between  each  two  rollers,  the  rings  oo  should 
be  strengthened  by  some  arrangementlike  a,  to  prevent  change  of  shape.  The 
pivot  p  may  be  as  in  Figs  11.  There  must,  of  eourse,  be  the  usual  two  rollers 
under  each  end  of  the  platform,  for  sustaining  the  engine  as  It  goes  on  or  off; 
but  during  the  act  of  turning  the  platform,  the  whole  weight  should  rest  on 
the  central  rollers.  Such  a  platform  of  60  feet  length  can,  if  carefully  made, 
be  turned,  together  with  an  engine  and  tender,  bv  one  man,  by  means  of  a 
wooden  lever  12  to  15  feet  long, inserted  in  a  sUple  for  that  purpose;  and  there* 
Ibre  may  dispense  with  the  transverse  platform  for  sustaining  wheelwork. 

Such  rollers  as  have  just  been  described,  in  connection  with  fHctlon  rollers, 

Fig  5,  form  perhaps  tne  best  arran§:eineiit  for  »  larre  taminir 

brlOM.    At  least  one  end  of  a  platform  must  be  provided  with  a  eateli  or 

■top  for  arresting  its  motion  at  the  moment  it  hg8^re|ched  the  proper  spot 
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Fig.  13. 


A  oommon  mode  Is  shown  at  FIr  18.  It  consists  of  s  wroueht-iron  bsr  m  n,  4 
feet  long,  8  inches  wide,  and  %  thick ;  hinged  at  its  end  m,  which  is  confined  to 
the  top  of  the  platform.  lu  outer  end  n  is 
formea  into  a  ring  V  for  lifting  it.  A  strong 
casting  ee  (or  in  longitndinal  section  at  tu 
about  15  inches  long,  8  Inches  wide,  and  1 
inch  thick.  Is  also  firmly  bolted  to  the  top  of 

, ,    r  !?•  lo*  I  o  I  %  I  o  I     \  ^^®  platform ;  and  the  stop'bar  tnn  rests  in  its 

1^1        ^  yy  \}md     \y     recess  r,  while  the  platform  is  being  turned. 

S^  __H_JUHL_Jb^v    A  similar  casting  a  a  is  well  bolted  to  the 

IBpt      u  Tl   r»    wooden  or  stone  coping  oe,  which  surrounds 

f9\ HTHTr^    ****  *°P  °^  ^**®  lining  wall  of  the  pit.    When 

l^  ^n  MTa\     I         the  Stop-bar  reaches  this  last  casting,  as  the 

filatform  reToWes,  it  rises  up  one  of  Ut  little 
ndined  planes  </,  and  Calls  into  the  recess  of 
a  a,  bringing  the  platform  to  a  stand.  When 
the  platform  is  to  ne  started  again,  the  bar  is 
lifted  out  of  its  recess  by  the  ring  F,  until  it  passes  the  casting ;  when  it  is  again 
laid  upon  the  coping  oe,  and  moves  with  the  platform;  or,  if  required,  the 
hinge  at  m  allows  it  to  be  turned  entirely  over  on  its  back.  When  there  is  a 
transverse  platform,  the  proper  place  for  the  stop  is  at  that  end  which  carries 
the  turning  gear;  as  it  is  there  handy  to  the  men  who  do  the  tnminff.  If  there 
is  only  a  main  platform,  the  stop  may  be  plaoed  midwaj  of  the  rails.  Some- 
times a  sprln§:  eateta  is  placed  at  each  end  of  the  platform;  and  each  catch 
is  loosened  from  its  bold  at  the  same  instant  by  a  long  doable-acting  lever.  All 
the  details  of  a  platform  admit  of  much  variety. 

Instead  of  the  friction  roUert,  Fig  5,  friction 
ball*  6  or  6  inches  diameter,  of  polished  steel,  are 
sometimes  used.  The  pivots  also  are  made  in 
many  shapes. 

Platforms  like  oa^  Flgr  14,  rewolT- 
IniT  around  one  end  o  as  a  center  of  mo- 
tion, are  sometimes  useful.  The  shaded  space  is 
the  pit.  If  an  engine  approaching  along  the  track  W,  is  intended  to  pass  on  to 
any  one  of  the  tracks  1,  2, 8, 4,  the  platform  is  first  put  into  the  required  posi- 
tion, and  the  engine  passes  at  once  without  detention.  If  the  platform  is  lonft 
it  will  be  necessary  to  have  roller-wheels  not  onlv  under  the  moving  end  a,  hot 
at  one  or  two  other  points,  as  indicated  by  the  roller  rails  e  e. 


Fig.  14. 


Esfflne  houses,  of  hrick,  cost  from  flOOO  to  $1900  per  engine  stall,  excln* 
siTe  of  the  foundations. 


The  cost  of  a  complete  set  of  shops  of  brick,  for  the  thorough  re- 
pair of  about  20  locomotives,  and  of  the  corresponding  number  of  paasenser 
and  other  cars:  together  with  suitable  smith  shop,  foundry,  car  shop,  boiler 
•hop,  copper  and  brass  shop,  paint  shopf  store  rooms,  lumber  shed,  oflicea,  Ac: 
completely  ftimished  with  steam  power,  lathes,  planing  machines,  scales,  snd 
all  other  necessary  tools  and  appliances,  win  be  about  from  $75000  to  $100000  ex- 
clusive of  ground.  A  large  yard,  of  at  least  an  acre,  should  adjoin  the  buildings. 
A  moderate  establishment,  for  the  repairs  of  a  few  engines  only,  may  be  built 
mod  furnished  for  $26000. 
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WATER  STATIONS. 

Water  staitoits  are  pointa  along  a  railroad,  at  which  the  engines  stop  to 
take  111  water.  Tlieir  flMtiUiee  apart  varies  (like  that  of  the  fuel  sta- 
tions, which  aeoompanv  them,)  iVoia  about  6  miles,  on  roads  doing  a  very  laree 
business ;  to  15  or  20  miles  on  those  which  run  but  few  trains.  Much  depends, 
boweter,  upon  where  water  can  be  had.  It  has  at  times  to  be  conducted  ia 
pipes  for  2  or  3  miles  or  more.  The  object  in  having  them  near  together  is  to 
prevent  delay  frem  many  engines  beiag  obliged  to  use  the  same  station.    To 

Srevent  interruption  to  travel,  they  are  frequently  placed  upon  a  side  track. 
.  supply  of  water  is  kept  on  hand  at  the  station,  usually  in  large  wooden  lubt 
or  tanlcs,  enelosed  in  frame  tank-hooses.  The  tank-house  stands  near  the  track, 
leaving  only  about  2  to  4  feet  clearance  for  the  oars.  It  is  two  stories  high ;  the 
tank  being  In  the  upper  one ;  and  having  its  bottom  about  10  or  12  feet  above  the 
rails.  In  the  lower  story  is  usually  the  pump  for  pumping  up  the  water  into  the 
tank;  and  a  stove  for  preventing  the  water  from  freeaing  in  winter.* 

The  tanks  are  usually  drcntaur;  and  ft  few  inches  greater  in  diameter  at  the 
bottom  than  at*  the  top,  so  that  the  iron  hoops  may  drive  tight.  Tbeir 
eapaeltjr  generally  varies  from  6000  to  40000  gallons,  (rarely  80000  or  more,) 
dependiuK  on  the  number  of  engines  to  be  supplied.  A  tender-tank  lioldii 
fh>m  1000  to  8000  gallons;  and  an  eoaetee evaporates  from  20  to  150  gal- 
lons per  mile,  depending  on  the  class  of  engine;  weight  of  train ;  steepness  of 
grade,  Ac.  Perhaps  40  gallons  will  be  la  tolerably  full  average  for  passenger,  and 
y  for  freight  engines.  Tke  foUawlniT  are  tbe  contents  of  tanlu 
of  diflTerent  inner  diameters,  and  depihs  of  water.  U.  S.  gallons  of  231  cubic 
inches ;  or  7.4805  gallons  to  a  cnbie  foot. 


DIam. 

Depth. 

Contents. 

Diam. 

Depth. 

Contents. 

Ft. 

Ft. 

Gallons. 

Cub.  Ft 

Ft. 

Ft 

Gallons. 

Cub.Pt 

12 

8 

6767 

905 

24 

12 

40607 

6429 

14 

9 

10363 

1385 

26 

IS 

51628 

6902 

16 

9 

13535 

1810 

28 

14 

64481 

8631 

18 

10 

19034 

2545 

30 

15 

79310 

10608 

20 

10 

23499 

3142 

32 

16 

96258 

12868 

22 

11 

31277 

4181 

84 

17 

115451 

15485 

dyprefts  or  any  of  the  pines  answer  very  well  for  tanks.  Tbe  stavea 
may  be  about  2>j  Inches  thlek  lor  the  fanaDer  ones;  to  4  or  5  inches  for  the 
largest  The  bottoms  may  be  the  same.  The  staves  should  be  planed  by  ma- 
chinerv  to  suit  the  curve  preelsely.  Nothing  is  then  needed  between  the  sUves 
to  produce  tightness.  A  single  wooden  dowel  is  inaerted  between  each  two  near 
the  top,  merelv  to  hold  them  in  place  while  being  put  together.  The  bottom  is 
dowelled  together;  and  ainply  inserted  into  a  groove  very  accurately  cut,  about  - 
an  inch  deep,  around  the  Inner  olrcumference  of  the  tub,  at  a  few  inches  above 
tbe  bottoms  of  the  staves. 

One  of  20  feet  diameter,  and  12  feet  deep,  may  have  9  hoops  of  good  Iron ;  placed 
several  inches  nearer  together  at  tbe  bottom  of  the  tank  than  at  the  top.  Their 
width  3  inches;  the  thlcknessof  tbe  lower  two,  i^inch;  thence  gradually  dimin- 
ishing until  the  top  one  is  but  half  as  thick.  The  lower  two  are  driven  close 
together.  These  dimensions  will  allov  for  the  rivet-holes  for  riveting  together 
the  overlapping  ends;  and  fur  a  moderate  strain  in  driving  the  hoops  firmly 
into  place.f  Three  dveU  oi  ^  inch  diameter,  and  3  inches  apart,  in  line,  are 
sufficient  for  a  joint  of  a  lower  hoop.  One  of  34  feet  diameter,  17  deep,  may 
have  12  hoops;  the  lower  ones  4  inches  by  J^;  with  three  5i-inch  rivets  to  a 
lower  hooi>>joint 

The  bottom  planks  of  the  tank  must  bear  firmly  upon  their  supporting  foists, 
or  bearers.  f*-        o^     -» 

A  tau  k  must  have  an  inlet-pipe  by  which  the  water  may  enter  it :  a  waste- 

Rlpe  for  preventing  overflow ;  and  a  dlseliarflre  or  feed-pipe  7  or  8 
icnes  diameter,  in  or  near  the  bottom;  through  which  the  water  flows  out  to 
the  tender.  The  inner  end  of  the  discharge-pipe  is  covered  bv  a  valve,  to  be 
opened  at  will  by  the  engine  man,  by  means  of  an  outside  cora  and  lever.    To 

*  A  frame  tank-house,  18  feet  square,  with  stoue  foundations  for  both  house 
»nd  tank,  will  by  itoelf  eost  $400  to  $600.  A  brick  or  stone  one  somewhat  more. 
fSuch  a  tank,  put  up  in  its  place,  will  eost  about  $400. 


y  Google 


%52 


WATER  BTAHOl^B. 


lU  outer  end  U  geDeraUf  attached  a  Aexible  canvas  and  gam-elastle  hose  about 
,7  or  8  inches  diameter,  and  8  or  10  feet  long,  through  which  the  water  enters  the 
^e0der-tank.  Or,  instead  of  a  hose,  the  feed-pipe  maj  be  prolonged  hr  a  nMtal* 
'}ic  pf|^e,  or  noezle,  sufBreientlj  long  to  reach  tne  tender;  and  to  jointed  aa.  when 
not  in  ufie,  to  swing  to  one  side,  or  to  be  raised  to  a  vertical  position,  (in  tne  last 
case  it  i^  called  a  drap^)  so  as  not  to  be  in  the  way  of  passing  trains. 
.  The  same, tank  may  supply  two  engines  on  different  tracks,  at  once.  The 
tanks  are  very  durable. 

The  patent  trasUproot  tsnlc  of  John  Bnrnluini*  Batavla, 
Illinois,  is  simply  an  ordinary  tank,  in  which  the  water  is  prevented  from 
freezing  by  means,  1st,  of  a  circular  roof  which  protects  a  ceiling  of  Joists,  be* 
tween  which  is  a  layer  of  mortar ;  2d,  by  an  air-space  obtained  by  a  similar  ceil- 
ing beneath  the  timbers  on  which  the  tank  rests.  Although  tiie  sides  are  en« 
tirely  unprotected,  no  house  is  necessary ;  but  merely  atrong  posts  and  beam; 
on  a  stone  foundation,  for  the  support  of  the  tank.*  The  supply  pipes  are  in 
boxes  made  of  boards  and  tar-paper. 

Tanlcs  are  frequently  made  reetanynlar.  with  vertical  sides  of 
posts  lined  with  plank,  and  braced  across  in  both  directions  by  iron  rods.  They 
are  more  apt  to  leak  than  circular  ones.  They  have  been  inade  of  iron ;  but 
wood  seems  to  be  preferi'ed. 

Tlie  water  for  snpplyiiM-  tkte  tanlcs,  may  be  pumped  by  band,  steam, 
horse,  wind,  hydraulic  ram,  or  otherwise,  from  a  running  stream;  from  a  pond 
made  by  damming  the  stream  if  very  small  or  irregular ;  from  a  cistern  below 
the  tanc;  or  ft'om  a  common  well.  Many  roads  doing  a  business  of  10  or  12 
engines  daily  in  each  direction,  depend  enurely  upon  wells ;  and  pump  by  band ; 
generally  two  men  to  a  pump.  Those  doing. a  very  large  boslness,  when  the 
supply  cannot  be  obtained  by  gravity,  mostly  use  steam.  Tlie  windmill  la 
the  most^eoouomical  power;  and  when  well  made,  is  very  little  liable  to  get  out 
of  order.  Of  course  it  will  not  work  during  a  calm ;  but  this  obiection  may  be 
obviated  in  most  cases  by  having  the  tanks  large  enough  to  hold  a  supply  for 
several  days.     Steam,  however,  is  most  reliable. 

Tlie  foilowlniT  table  will  give  some  idea  of  the  power  required  iu 
a  steam  engine  for  the  pumpiuar*  lo  ordering  an  engine,  specify  not 
its  number  ofborse-powers,  but  the  number  of  {^ons  It  must  raise  In  a  given 
number  of  hours,  to  a  given  height;  with  a  given  steam  pressure  (say  about  60 
to  80  lbs  per  square  incn.)  The  pump  should  be  suiBcientlv  powernil  not  to  have 
to  work  at  night;  and  should  be  capable  of  performing  at  least  26  per  cent,  more 
than  its  required  duty. 

A  fisir  average  horse  should  pump  in  S  hours  the  quantities 
eontained  in  the  first  8  columns;  to  the  hdght  in  the  4th  column;  or  sufficient 
to  supplv  the  number  of  locomotives  in  the  Sth  column,  with  about  2000  gallons 
each.    Two  men  should  do  about  one4hiid  as  much. 
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20 

80 
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45 
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40 
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29920 

40 
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10 

60 

A  reservoir,  with  a  stand-pipe,  or  water  eolunua,  is  preferable 
to  the  ordinary  tank,  when  the  localltv  admits  of  it ;  being  less  liable  than  the 
pump  to  get  out  of  order ;  and  being  cneaper  in  the  end.  The  reservoir  ia  ao^ 
posed  to  be  filled  by  water  flowing  into  it  by  gravity ;  and  to  have  its  bottom  at 

*The  cost  of  windmill  alone,  for  railway  stations,  varies  from  about  1450  tor 
18  feet  diameter ;  to  81500  for  86  fbet  diameter,  at  fsetery.  .    ' 


y  Google 


WATBB  8TA1301f& 


m. 


l^HSC  about  8  f^dt  above  the  rails;  or  at  any  greater  height  whatever  that  the 
ground  and  the  height  of  the  water  may  require.  It  may  be  excavated  in  the 
ground;  lined  with  brick  or  masonry  in  cement;  with  a  bottom  of  concrete: 
or  it  may  be  built  above  ground,  accordiug  to  ttie  locality.  It  may  be  roofed, 
and>ooTored  iu,  or  not;  and  it  may  be  near  the  tracks,  or  at  a  considerable  dia- 
tance  flxrni  them,  according  to  circumstances.*  From  its  bottom,  an  iron  pipe,' 
from  8  to  12  indies  diameter,  is  carried  (generally  underground,)  to  within  a  few 
feet  of  the  track.  At  that  point  it  turns  vertically  upward  to  abuut  8  or  10  feet 
aboTQ  tbe  track,  forming  a  stand-pipe,  or  water-column;  from  the 
upper  end  of  which  tiie  water  flows  (through  either  a  hose  or  a  jointed  nozzle,) 
as  in  (he  case  of  a  tank.  Several  such  pipes,  or  one  larger  one,  may  be  laid,  for 
the  supply  oi  two  or  mure  engines  at  once,througli  us  many  stami-prpea.  Where 
the  pipe  makes  its  bend,and  becomes  vertical,  is  a  valve  for  opening  and  closing - 
it;  and  w  hie  It  may  be  wuiKed  l>y  a  baud-wheel  pluct  d  at  ;juch  a  height  as  to  be 
easily  reached  by  I  he  engine  man. 

On  some  of  the  more  important  lines,  the  tenders  of  fluit.  trttlns  seoep 
up  water,  while  muttliiir,  from  a  long  tronirli,  or  ^« track  tank** 

laid  between  the  rails.  The  tanks  are  about  ^  mile  long.  They  must  of  coarse  iM 
level,  and  they  therefore  require  a  level  track. 

As  originally  introduced  in  England,  by  Bamsbottom,  the  trongh  was  of  cast* 
iron,  in  lengths  of  about  6  ft  These  were  bolted  together  by  means  of  flanges  at 
their  ends.  Ttie  ends  were  not  in  contact  with  each  other,  bat  were  separated  by 
a  strip  uf  Toicanized  rubber. 


Our  figure  shows  a  track  tank  of  ^  inch  rolled  plate-iron,  the  sheets  of  which 
are  62  ins  long.  The  lengths  overlap  each  other  2  ins ;  leaving  6  ft  as  their  thawina 
length.  The  sheets  are  cut  slightlv  tapering,  so  that  at  one  end  of  each  length 
the  trough  is  ^  in  deeper  than  at  the  other,  and  the  tope  are  thus  kept  flush  with 
each  other  throughout.  The  Joints  are  double  riveted  with  %  inch  rivets,  about 
ly^  ins  from  center  to  center,  and  staggered.  At  each  end  of  the  trough,  the 
bottom  slopes  upward,  and  in  a  length  of  6  ft,  oomes  to  the  level  of  the  tops  of 
the  sides.  The  cross-ties  are  notched,  as  shown,  to  receive  the  trough,  which  is 
loosely  held  to  them  by  two  spikes,  S  and  B,  in  each  tie.  Tbe  heads  of  the  spikes 
fit  over  the  horisontal  flanges  of  the  IK  X  1^  ^^^  angle  bars,  A  and  A.  M  and 
M  are  mouldings  of  1%  X  }i  inch  bar-Iron.  The  angles  and  the  mouldings  are 
in  lengths  of  16  ft,  and  are  riveted  to  the  sides  of  tbe  trough  continuously 
throughout  its  length. 

The  scoop  on  the  tendev  is  lowered  into  the  trough,  and  raised  from  it, 
by  means  of  a  lever  on  the  fireman's  platform,  and  ia  not  permitted  to  touch  tbe 
^ttom  of  the  trough. 

Tbe  trong-li  is  supplied  with  water  by  means  of  pipes  leading  from  an  ad- 
jacent tank.    The  supply  is  regulated  by  a  man  in  charge. 

To  prevmit  the  water  from  flreesliiar  in  winter,  steam  is  led  to  the  trongh 
firom  the  boiler  of  the  pumping  en^^ne,  throagh  iron  pipes  laid  under  ground  along 
side  of  the  track.  These  pipes  are  provided  with  branches  which  Introduce  the 
steam  to  the  trough  at  every  40  ft  of  its  length.  The  steam-pipes  are  protected  b| 
wooden  boxes,  and  are  fbrnished  with  valves  for  regulating  the  safely  of  steam. 

•  Am  vmootkxbo  ■Bnavoot  SO  ft  dism  by  13  ft  daqs  Uaad  with  brtok  or  BMonry,  will  oioallj  ooM 
from  $2500  to  $S500,  aooordiog  to  oironmaUDoet. 
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ETaporation  firom  I«ocoiil<»tlTe«.  The  eraporation  U 
usually  from  6  to  7  Ira  of  water  to  1  lb  of  fair  coal.  Hence  if  we  take  the  average 
at  6^  lbs,  or  say  .8  of  a  galloo  of  water  to  1  fi>  of  coal,  and  aaanme,  as  on  page 
800,  that  a  passent^er  engine  evaporates  an  average  of  40  gallons  per  mile,  and 
a  freifrht  engine  80  gallons,  we  shall  have  very  nearly  2^  tons  of  coal  consumed 
per  100  miles  by  the  former;  and  4^  tons  by  the  latter.  The  evaporation  from 
a  heavily  tasked  powerful  engine  may  amount  to  160  gallons  or  more  per  mile; 
but  such  is  an  exceptional  case. 

Theoretical  tlilckness  near  bottom  of  sheet-iron  water 
tanks*  single  riveted;  safety  4;  ultimate  strength  of  the  iron  40000  lbs  per 
square  inch,  but  reduced  sav  one-half  by  punching  the  rivet  holes.  Although 
safe  against  the  presture  qf  the  water,  some  are  plainly  far  too  thin  for  hanging. 


INNER  DIAMETER  IN  FEET. 

Depth  in 

5 

10          15 

20 

25          80          85 

40 

THICKNESS  IN  INCHES. 

1 

.0026 

.0052 

.0078 

.0104 

.0130 

.0156 

.0182 

.0208 

5 

.0130 

.0260 

^391 

.0520 

.0651 

.0781 

.0911 

.1042 

10 

.0260 

.0521 

.0781 

.1042 

.1302 

.1562 

.1823 

.2088 

15 

.0891 

.0781 

.1172 

.1562 

.1953 

.2344 

.2734 

.8125 

20 

.0521 

.1042 

.1562 

.2084 

.2604 

.3125 

.3645 

.4166 

25 

.0651 

.1302 

.1953 

.2604 

.3255 

.3906 

.4557 

.6208 

80 

.0781 

.1662 

.2344 

.8124 

.8906 

.4687 

.5470 

.6250 

Railroad  traeh  scales.    The  capacities  are  in  tons  of  2000  lbs  or  2240 
lbs,  as  may  be  desired. 


Capac- 

Length. 

Capacs 

l^ength. 

ity. 

ft 

ity. 

ft 

10 

12 

66 

40te  69 

16 

12  to  16 

76 

40to   86 

20 

12  to  16 

100 

60  to  112 

30 

20  to  32 

160 

60  to  123 

40 

80  to  40 

160 

100  to  160 

60 

40  to  50 

Post-and-rail  fences,  in  panels  8^  ft  long;  6  rails;  usually  cost  between 
40  to  100  cents  per  panel,  including  the  putting  up ;  or  from  $612  to  91280  per  mile 
of  road  fenced  on  both  sides,  with  1280  panels. 

Fence^K>8t8  are  usually  of  chestnut,  cedar,  or  white  oak.  They  last  about  10  years 
on  an  average.  The  usual  sise  is  2  to  8  ins  thick  X  6  to  7  ins  wide,  8  ft  long,  6  ft 
above  ground.  Their  cost  varies  greatly ;  say  from  6^  to  26  cts  each ;  average,  10 
to  15. 

Worm  fences  seven  rails  high,  with  two  rails  on  end  at  each  angle,  cost  aliout 
^th  less.  Labor  $1.75  per  day.  The  scarcity  or  abundance  of  timber  chiefly  is- 
luences  the  price  ;  as  is  also  the  case  with  ties. 

Barbed  Steel  -vrire  fence  costs,  per  mile  of  single  row  of  fbiiee,  put  up, 
including  the  wooden  posts  and  all  labor,  from  $150  to  $260,  depending  on  the 
l^eight  of  fence,  the  varying  market  price  of  wire,  labor,  Ac. 

A  'vray-atatlon  houae,  30  X  ^)  feet  surrounded  by  a  platform  12  feet  wide, 
protected  by  projecting  roof;  for  passeng^Ts  and  fregbt;  will  cost  from  $6000  to 
$10,000,  according  to  Unish  and  completeoess,  at  eastern  city  prices. 
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Approxlmale  Averacre  estimate  for  »  mile  of  idiiffle-traelL 
railway.    Labor  $1.75  per  day. 

Orubbing  and  dearing,  (average  0/  etvtkrt  roadf)  3  ants  at  $60... $  160 

Gradinff;  20000  cub  ydi  of  earth  excavation^  at  86  ete» ^    7000 

**  2000  cub  yds  0/ rock  excavation,  at  $1.00 ^ 2000 

Masonry  of  ctUvertt,  draint^  cUmtmentt  of  tmaXL  bridgett  retaining-MfoUSf  <le; 

4O0 cub ydft  at%S,averaae 8200 

Battast;  §000  cub  fdt  broken  iloru,  at  $1.00. 3000 

Orost-Heg;  2&40,  at  90  ets,delivered.» 1684 

£ailt;  (00  Ibi  toayard;)  06  torn,  cU  $80,  deUvered ^    2880 

Spikes 160 

BaHrjoints....  ...«• « 800 

Sub-d«Uvery  of  materials  along  the  line. 800 

Laying  track. «oo 

Ikncing  ;  (averaae  of  entire  road,^  supposing  only  "^ofits  length  to  be  fenced..     460 
SnaU  wooden  bridges,  trestles^  sidxngt^  road'Crostings,  cattle  guards^  <fe,  4c......    1000 

Landdamages 1000 

Engineering,  superintendence,  officers  of  Oo,  stationery,  instruments,  rents, 

printing,  law  expenses,  and  other  incidentals 2M0 

jbtaZ....- ~|26000 

Add  for  depots,  shops.     KBglDe.howM.  PMMngwwd  Frelffhl  Btatiou,  MiUfoma, 
Wood  Sbed«,  Water^tatlonc  with  ibafr  taoks  and  pompt.  TtlApaph,  IngiiiM,  Can,  Wdgh  fioaki. 


▲iM  fbr  larf0  bndfe*.  taoiMlt, 


Boa  pumpa.  j^vj 
TarnoBU.  At. 
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ROLLING  STOCK. 


liOCOMOTITES. 

I>iinenslons,  Weff^lits,  Ae» 

Lists  of  some  of  the  principal  locomotives  made  by  the  Baldwin  Locomotire 
Works,  Philadelphia,  1902. 

In  the  designation  of  the  class,  the  first  number  (8, 10,  &c)  is  the  total  num- 
ber of  wheels  of  the  locomotive.  Tne  second  (80, 82,  Ac)  eives  the  diameter  of  the 
cylinders,  thus :  diam.  in  inches  <=  n/2  +  8,  where  n  =>  tnis  second  number.  The 
letter  (0,  D,  or  E)  indicates  the  number  (4, 0,  or  8,  respectively)  of  dHvin^wheela. 
,  Tli^e  wheel-base  is  the  distance  from  center  to  center  of  the  front  and  back 
wheels.  For  minimum  lenvtli  of  (amtable,  add  lj4  to  2  ft  to  tbe  tottU 
wheel-base  of  locomotive  and  tender,  which  is  =>  wheel-oase  of  locomotive  + 
wheel-base  of  tender  +  dist.  C  to  C  of  front  tender  wheel  and  hind  engine  wheel. 
,  Under  "Service,"  P means  oa«#enflfcr:  T^ freight;  M.^ mixed;  HfSwiichina. 

Since  1890,  the  compoand  locomoilTe  has  come  into  extensive  use  in 
many  branches  of  service.  The  Baldwin  (Vauclain)  type  has  a  hi^-pressure 
and  a  low-pressure  cylinder  on  each  side.  Those  of  other  makers  usually  have 
but  two  cylinders,  tbe  high-pressure  cylinder  being  on  one  side  and  the  low- 
pressure  cylinder  on  the  other.  The  dimensions  and  weights  of  compound 
engines  do  not  differ  materially  from  those  of  the  oorresponding  classes  of  simple 
engines,  as  given  below. 


For  yanffo  of  4  ft  8  1-2  Ins. 

l^. 

WkMll. 

WhNl-teii. 

f^ 

HtigU 
of  top 

Class. 

1 

1 

1 

^ 

1 

Looomotive. 

Ten- 
der. 

Loco. 

and 

ten- 

1^ 

of*^ 
stack 

above 

« 

s 

as 

i 

S 

Driv's 

Total 

der. 

W 

M 

ralL 

Ins. 

Ins. 

Ina. 

Ft.  Ins. 

Ft.  Ins. 

Ft.  Ins. 

Ft.In)i. 

Ft.  Ins. 

Ft.  Ins. 

Ft.  Ins. 

8.80  C 

P 

18 

24 

66-72 

7    6 

21     8 

16    0 

49    8 

66    8 

9    0 

14    6 

8.84  C 

20 

24 

72-78 

7    6 

21  11 

16    6 

50    0 

66    0 

10    0 

14    6 

10.84  D 

P 

F 

.20 

24 

66-68 

11    9 

22  11 

16    0 

60    6 

66    6 

10    0 

14    6 

10.88  D 

22 

26 

62-72 

12    6 

24    2 

16    6 

52    8 

68    8 

10    0 

15    0 

8.84  D 

F 

20 

26 

50-66 

14    0 

22    6 

16    0 

60    0 

66    0 

10    0 

14    6 

8.88  D 

•« 

22 

80 

66-62 

14    0 

22  11 

16    6 

61    0 

67    0 

10    0  16    0 

10.84  E 

« 

20 

26 

60-66 

14  10 

22    8 

16    0 

50    8 

66    8 

9    6 

14    6 

10.88  E 

i< 

22 

30 

60-66 

16    0 

28    2 

16    6 

51    8 

67    8 

10    0 

15    0 

432  C 

S 

19 

24 

60 

7    6 

7    6 

16    1 

88    0 

53  10 

9    0 

14    6 

6.86  D 

<i 

21 

26 

60 

11    0 

11    0 

16    7 

40    1 

56    9 

10    0 

14    6 

Service. 

Type. 

Wiight  in  worUng  ordir,  in  potmdi. 

Ctpaeity  of  ttndtr. 

Locomotive. 

1 

II! 

Coal, 
tons. 

Class. 

hi 

in 

|l 

1 

Water. 
Gals.        lbs. 

8.30  C 

Pass'ger 

Amer. 

38000 

74000 

106000 

66000 

172000 

fiK 

8300       27600 

8.84  C 

<( 

44000 

86000 

122000 

80000 

202000 

7 

4000       88888 

10.34  D 

P.  AF. 

lOWh'l 

86000 

100000 

136000 

72000 

208000 

6 

8600       80000 

10.38  D 

it 

44000 

124000 

164000 

80000 

244000 

7 

4000       88383 

8.34  D 

Freight 

Mo^l 

42000 

120000 

189000 

72000 

211000;     6 

8600       8000O 

8.38  D 

52000 

150000  171000 

90000 

261000 

8 

4600       87600 

10.34  E 

«« 

Consol. 

34000 

125000  140000 

68000 

208000 

6 

8400       28838 

10.38  E 

«« 

ti 

45000 

170000  188000 

90000 

278000 

8 

4600       87600 

4.32  C 

Switch 

53000 
48000 

104000  104000 
140000  140000 

66000 
76000 

160000 
216000 

6 

— ^^ 

2800       28888 

6.36  D 

8800       81666 

i^.^il 
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For  SMise  of  8  IVi, 

*  A 
10 

w 
'  M 

C 

O7UB- 
din. 

SriTisf 

Wheel-bue. 

Ill 

If 

Esight 
of  top 

ClajM.    ^ 

1 

M 

1 

i 

Looomotive.! 

Ten- 
der. 

Loco, 
and 
ten- 
der. 

of' 
stack 

J 

Driv- 
en. 

Total. 

from 
rail. 

8.22  C  I 
10.24  D  I 

8.24  D  i 
10.26  £  • 

4.20  C  S 

Ins. 
14 
16 
16 
16 
18 
16 

Ins. 
18 
20 
18 
20 
18 
18 

4 
6 
6 
8 
4 
6 

Ins. 
41-45 
46 
42 
88 
87 
41 

rt.itts. 

8  2 
12    6 
12    6 
11    0 

6    0 

9  6 

Ft.  Ins. 

20  1 

21  6 
19    0 
18    2 

6    0 
9    6 

Ft.  Ins. 
13    4 
19    4 
18    4 
18    4 

Ft.  Ins. 

39  6 

40  9 
38    4 
40    6 

Ft.  Ins 

48  6 

49  9 

47    4 
49    6 

Ft.  Ins. 
8    3 
8    8 
8    8 
8    8 
8    0 
8    0 

Ft.  Ins. 
13    6 
18    6 
18    6 
13    6 
18    6 

6.24  D  • 



18    6 

Serrioe. 

Type. 

Wiight  in  worUag  order,  in  poudi. 

Oapftcttf  ef  ttndir. 

LoooBM>av«. 

1 

IJ 

h 

l! 

Out, 

5| 

Total 

Water. 
Gals.       lbs. 

8.22  C 
10.24  D 

8.24  D 
10.26  £ 

4.20  C 

Pass'ger 
PandF 
Freight 

Switch 
« 

Amer. 
10  Wh'l 

Mogul 
Consd. 

17000 
17000 
17000 
17000 
28000 
19000 

83000 
48000 
48000 
64000 
44000 
66000 

52000 
64000 
57000 
73000 
44000 
56000 

36000 
40000 
86000 
40000 

88000 
104000 

93000 
118000 

!« 
?. 

1600     18888 
1800      15000 
1600     1888$ 
1800      16000 

6.24  D 

_^__ 

1 

Selected  Penna.  WL  JOL  gtsndarda,  1901.   Ganye  4  ft  9  lug. 


Class. 


d0n. 


SriTlng 

WhNll 


WhNl-tate. 


Locomotive. 


Driv's  Total 


ill 


^§ 


III 


I>  16.  Passenger 
G  4,  Passenger 
F  1,  Freight 
H  6,  Freight 


Ins. 

20 
20 
22 


Ft.  Ins.  Ft.  Ins. 

22  9J^ 

25  1^ 

234 

24  9 


7  9 
18  10 
14  6 
16  63^ 


Ft.  Ins. 

16  1 

17  6 

16  1 

17  6 


Ft.  Ins. 

14  n}4 

15  0 
14      8J^ 
14  11>| 


Class. 


D 16,  Passenger 
G  4,  Passenger 
F   1,  Freight 
H  6,  Freight 


Wiighti  in  ▼orUng  erdir. 


CtpftOity  ef  leader. 


Locomotive. 


«  2  qj 


48800 
48500 
44650 
48800 


=J 


140000 
128100 
166400 


Total. 


185800 
185000 
146100 
186500 


s 


lbs. 

82000 
134700 

7680U 
111900 


217800 
819700 
222900 
298400 


Tons 
6.7 
8.9 
6.7 


Water. 


7000 
8600 
6000 


lbs. 
29900 
58800 


50000 
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Selected  Erie  Railroad  StaadMds,  1909.   Gaiiire  4  ft  8 1-2  ins. 


Clas9 


jgQ  OOo  Ob 


^O  O  O    nt^ 


Cla9m 


OOOO   Ob.  ^ 
OOOOO    01^-^ 


OyUBdwi. 

^ 

?if 

WhMl-tue. 

111 

¥ 

of  top 

Looomotiye. 

Ten- 
der. 

Loco. 

and 
tender. 

of 

Class. 

i 

1 

1 

i 
s 

ohim. 

ftbOTO 

Drlv'i 

!   Total 

top  of 
ridl. 

Ini. 

In*. 

Ins. 

Ft.lM 

.  Ft.  In.. 

Ft.  Ini. 

FUlna. 

Ft.  In*. 

Ft.  In«. 

Ft.  In.. 

B-  2 

19 

26 

6 

62 

10  10 

10    10 

18    0 

42    10 

5711 

10   2 

15   4Ai 

D-  1 

18 

22 

68 

8    6 

23      03^ 

16    1 

46     4H 

56   0J6 

810 

18    lJ5 

D—  2 

18 

22 

68 

8    6 

22    11^ 

16    1 

45    11 

56   S% 

9   6 

18   4|| 

D-12 

18 

26 

78 

8    6 

23      1l< 

;i8  0 

51      T% 

62  104J 
60   83^ 

9   9 

15   Q%Z 

D-13 

19 

26 

72 

8    6  123      6^ 

16  11 

49      8<1 

r.i^ 

16   ^ 

E-  1 

13-22 

26 

76 

6    7   24      9 

18    0 

J2      9>|  64  M 

15102 

F—  1 

18 

24 

66 

15    0   22      TU 
15    0   22      bU 

ri6  1 

47      08157  il 

910^ 

12  9t| 

F—  8      20 

26 

64 

16  11 

48  4%S9   t^A 

49  0     59   4t| 
51    10>^62   34| 

911>jJ 

15  9J2 

G—  5      19 

24 

62 

12  10   23      6 

16    1 

9  11V| 

14  9 

G-  8      21 

26 

62 

12    0   22    10 

16  11 

9  11>J 

1611 

H—  1      20 

24 

8 

50 

14    0   22    10 

16    1 

47      2     68   oil 

9  10 

18    1^ 

H-U      21 

28 

8 

67 

15    9    24      0 

16    9 

52      8  •68   8K 

10    1 

16  4J 

J^   1    1&-27 

28 

10 

60 

18  10   27      8 

16    8 

63      6>^64  8>i 

10   4>^ 

16  r* 

Weight  in  werUng  ordir,  in  poudi. 

.   i 

etpadtyoftndM. 

Locomotive. 

J 

ill 

Tractiye  force, 
per  lb  per  aq.  i 
of  theoretical 
cylinder  pressi 

Coal, 
tons 

of 
2000 

lbs. 

Class. 

a 

4 

1 
5 

Water. 

Gals. 

lbs. 

B-  2 

52500 

145100 

146100 

94050 

289150 

187.7 

6 

4600 

87562 

D—  1 

26600 

61600 

80700 

77000 

167700 

104.8 

8 

3600 

30042 

D—  2 

28300 

55400 

84400 

77000 

161400 

104.8 

8 

8600 

80042 

D— 12 

44000 

87325 

135526 

116800 

282326 

108.0 

12 

6000 

60070 

D— 13 

51280 

96060 

136930 

87900 

224830 

130.4 

9 

4600 

87662 

E—   1 

44230 

84290 

151000 

116800 

267800 

115.6 

12 

6000 

50070 

F—  I 

26500 

75300 

88400 

77000 

166400 

138.8 

8 

8600 

30042 

F—  3 

43080 

125330 

142840 

87900 

230740 

162.6 

9 

4600 

37652 

G—  5 

34600 

99800 

122500 

77000 

199500 

139.7 

8 

3600 

30042 

G—  8     42200 

118500 

144500 

87900 

282400 

184.9 

9 

4600 

87652 

H—  1     26800 

88700 

103400 

77000 

180400 

192.0 

8 

3600 

80042 

H— 11     43500 

170000 

190000 

131600 

821600 

216.6 

12 

6000 

60070 

J—    1     39800 

178700 

200550 

90100 

290550 

197.6 

10 

4(00 

876S2 

GoogK 
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Performance  of  I<ocoinotiTes« 

Passenger  eoginee  usually  carry  ftiel  and  water  milBcient  for  40  or 

50  miles ;  some,  60  to  70.  Freight  trains,  enough  for  20  to  25  miles.  Boads, 
or  divisions,  with  steep  grades  require  the  ftiel  and  water  statitms  to  foe  nearer 
together  than  where  the  grades  are  easy. 

The  following  gives  the  loads  (exclusiyeof  locomotive  and'tender)  which 
the  above  described  Baldwin  engines  will  haul,  at  their  usual  speeds,  on  a 
straight  track  and  on  dlflRsrent  vrades  varying  from  » level  to  8  ft.  per  100 
ft.,  or  158.4  ft.  per  mile.  The  loads  are  t>ased  upon  the  assumption  that  the 
so-called  **  adhesion  "  of  the  locomotive  is  nine-fortietha  of  the  weight  on  all 
the  drivers,  and  that  the  condition  of  road  and  cars  is  such  that  the  firletlonal 
resistance  of  the  cars  does  not  exceed  7  fts.  per  t<m  of  2240  lbs.  of  their 
weight.  These  are  ordinarily  favorable  conditions.  The  adhesion  is  seldom 
less  than  one^fth,  or  more  than  one-third,  of  the  weight  on  the  drfrersb 

IiOads  In  tons  of  9S40  lbs.  (ezdusiveof  locomotive  and  tender). 
Ganye  4  ft.  S  I-ft  Ins. 


Ser. 
Tloe.« 

Tm. 

On  a  irrade  of 

Class.* 

i^-' 

^^- 

Iper 

cent= 

ielt^ 

4or. 

'^^r 

8per 
cent.— 

Oft. 

26.4  ft 

52.8  ft. 

79.2  ft. 

106.6  ft 

182  ft 

1644  ft 

per 

per 

P«r 

per 

per 

per  ' 

per 

mils. 

mile. 

mile. 

mile. 

mile. 

mile. 

mile. 

8-4»-C 

P 

Amer. 

1980 

790 

470 

820 

286 

180 

140 

8-84-C 

«< 

2300 

920 

545 

876 

276 

210 

166 

10--84-D 

PF 

10Wh»l 

2675 

1085 

645 

446 

880 

256 

206 

10-^88— D 

.    44 

8825 

1850 

810 

660 

416 

826 

260 

8-84^D 

F 

Mojful 

8225 

ISI 

706 

666 

416 

826 

260 

« 

4050 

996 

696 

520 

410 

880 

ia_84~E 

«< 

ConaoL 

8875 

1875 

880 

660 

486 

846 

280 

10-.88-E 

<i 

«« 

4600 

1186 

795 

600 

470 

880 

4— 82— C 

8 
« 

2826 
8775 

1160 
1660 

TOO 
940 

490 
660 

J 

870 
496  • 

296 
895 

236 

820 

Oa«««Sft> 

Ser- 
vice.* 

Type. 

On  a  irrade  of 

Class.* 

Oper 
ct  — 
Oft 

Kper 
oent-= 
26.4  ft. 

Jper 

cent,  a 

52.8  ft. 

per 

mile. 

IH^per 
cents 
79.2  ft. 
per 
milei 

cent* 

106.6  ft 

per 

mile. 

2Kper 
oent» 

182  ft 
per 

milei 

8per 

cent=« 

154.4  ft 

per 

mite. 

8-22-C 
10-24— D 

8— 24— D 
10-26-E 

4— 20— C 

P 

PF 

F 

tt 

8 
it 

Amer. 
lOWh'l 
Mogul 
Consol 

610 
900 
915 

1225 
800 

1080 

266 
406 
410 
556 
866 
496 

160 
246 
265 
845 
280 
810 

106 
170 
176 
240 
165 
226 

76 
126 
186 
186 
125 
170 

66 

100 
106 
146 
100 
140 

60 
76 
80 
116 
80 

6-24^D 



110 

Bleantrae* 


Average  steam  prea- 


«1.^  iSSr       Square  of  diam.  ^  Single  length  of  ^  ..f^  iy'thr^ifiA^ 
of'lT^2;5?e,      S?lpUtoninins.  X  .tro\e  in  its.      X  sure^n  ^e^Tlfeder. 

in  pounds       —  Diameter  of  driving-wheel  in  inches. 


*Seep.866. 
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From  the  tractive  force  mift  be  dedooted  90  to  80  per  cent,  for  iDteraal  fric- 
tion, etc  The  ^€etive  tractiTO  force  cenaot  exceed  tlie  adhesioQ,  or  say  one- 
fourth  the  weight  on  tlie  driyers. 

The  initial  steam  preasare  in  the  eylindevs  is  always  less  than  the 
boiler  pressure ;  and  the  disproportion  ipcreases  with  the  speed.  Thus,  with  the 
boiler  pressure  about  200  fi>s.  per  square  inch,  the  cylinder  pressure,  at  8  to  10 
miles  per  hour,  may  be  from  180  lo  ISOIbs.,  While  at  a  speed  of  88  er  40  miles,  it 
may  be  only  160  to  170  lbs.  The  averM/e  cylinder  pressure  is  ascertained  by 
means  of  an  indicator  applied  to  the  cyfind^;  and  its  proportion  to  ttie  iniHal 
pressure  d^»ends  upon  how  early  in  the  stroke  the  nipply  of  steam  from  boiler 
to  cylinder  is  eat  off;  or,  in  other  words,  upon  the  extent  to  which  the  steam  is 
used  espanHveiy. 

The  poiwer  aad  speed  of  loeomotlTes.  and  their  eonsamp- 
tton  mt  fliel  and  water,  yary  greattr  with  circumstances,  such  as  graaes 
and  curyature ;  condition  of  track  and  rolling  stock ;  number  of  cars  in  train ; 
diameters,  number  and  distance  apart,  of  car  wheels ;  manner  of  c<mi:ding  the 
oars ;  skill  of  looomotiye  runner  and  fireman,  &c,  Ac. 

On  the  Phlla  A  Readlnfr  Ky  (Shamokin  Division),  between  Gatawissa 
and  Lofty,  84  miles,  ftreffrht  loeomotlTes  are  assigned  train  loads  as  below : 
^according  to  conditions  of  the  engine  and  weather)  in  tons,*  including  weight 
of  cars  and  loading,  and  8.25  tons  *  for  caboose,  but  exclusiye  of  locomotive 
and  tender.  Each  locomotive  is  assisted  by  a  helper  of  Class  1-5,  or  1-7.  The 
grades  aod  ourves  are  as  follows : 


Grades. 


Curvature. 


Feet  per  mi^e. 


Miles. 


Per  cent 


of  total. 

Less  than  24.5         2.86         8.41 

Betw  80.62  and  85.06     80.72  '     90.27 

"      89.60  and  45.40       0.45         1.32 

Total     84,03     100.00 
"      82.9Cand  83.26.    22.72 


Degree  of   No.  of  ^..^      Deflection, 
curve,      curves  *®*^*         «>      ' 


Less  than  80  24 

"       "      6^  69 

"       "      90  86 

"       «     1P>  14 


8,208  876  5 

29,694  1440  62 

26,218  1343  56 

10,479  1099  51 


66.76 


(14.18  miles)    183     74,594     4260    44 


oJ 

i 

0 

Traiu  load,  tons.* 

"bo 

Drivers. 

Cylind's 

II 

Weight,  tons.* 

Slow 

Train 

^ 

6 
4 

freight.t 

No.  82.t 

1 

1 

Diart. 
ins. 

|| 

|| 

■is 

5.| 

Total 
loco. 

Ten- 
der. 

Max. 

Min. 

Max. 

Min. 

H— 1 

6 

54 

18 

24 

120 

21^ 

44.60 

26.25 

1668 

1028 

L— 1 

8 

61 

4 

20 

24 

145 

47.00 

60.50 

84.60 

1638 

1128 

1638 

1028 

I-*l 

8 

60.5 

2 

20 

24 

120 

48.26 

15.76 

27.60 

1793 

1198 

1688 

10S« 

1  —  2 

8 

50.5 

2 

20 

24 

145 

62.67 

60.72 

28.00 

1898 

1268 

1743 

1168 

1  —  5 

8 

50.5 

2 

22 

28 

145 

68.00 

70.60 

82.75 

1  —  7 

8 

58 

2 

22 

28 

180 

72.00 

89.00 

46.00 

2198 

1408 

2088 

1868 

Speelal  test  runs, 

Gatawissa  to  I»fty. 

.Class. 

No. 
of 

Wtof 
train. 

Time. 

Speed 
miles 
per 
hour. 

Wter 
used 

Coal 

used 

Date. 

Loco. 

Help. 

ears. 

« 

H.  M. 

gals. 

tons.* 

June  6, 1898 

I-l 

1-6 

45 

1825 

8     25 

10.2 

14500 

8 

"    7, 
March  8. 

i£ 

1-2 
L-2 

none. 

45 
20 

1968 
578 

3      21 
2       2 

10.4 
17.0 

18675 
7000 

7 

1901 

8.5 

1 

♦Tonrof  2000  pounds. 

f  Run  from  Newberry  Junction  to  Ttmaqua,  106  miles.    Slow  lights,  11  to  13 
hours ;  train  No.  82, 10  to  11  hours. 
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Th*  fTMter  the  nilio  of  live  or  net  load,  to  dead  load  or  tare,  the  greater  is  the 
total  tonnage  (oars  and  load)  that  can  be  hauled  hj  a  giren  looomotire.  In  order 
to  take  account  of  this,  a  discrimination  is  made,  on  the  Shamokin  Division,  in 
favor  of  cars  having  a  capacity  of  not  less  than  80,000  fim.  Trains  in  which  fVom 
10  to  19  of  the  cars  are  of  such  capacity,  are  given  100  tons  additional ;  with  20 
or  more  such  cars,  200  tons. 

On  the  Canaaiaa  Paelfle  Railway,  1  a  ratio  of  2  tons  of  net  load,  or 
"  contents,"  to  1  ton  tare,  is  taken  as  standard ;  and  it  is  found,  on  the  eastern 
lines,  where  the  controlling  grades  are  generally  about  1  per  cent,  that  a  train  of 
em^7  cars  <^ers  about  80  per  cent,  greater  resistance  than  a  train  of  equal  wcdght 
with  net/tare  =  2/1.  A  chart  has  therefore  been  prepared,  by  which  theengines 
are  loaded  upon  this  basis.  Heavier  grades  do  not  iucrease  the  frietional  resist- 
anees.  Hence  the  total  resistance  increases  less  rapidlv  than  the  grade,  so  that 
on  grades  steeper  than  about  1  per  cent,  an  addition  of  80  per  cent,  to  the  sesist- 
ance  of  full  trains,  would  give  too  high  a  resistance  for  empty  trains  of  equal 
weight,  and  vice  versa. 

On  the  Canadian  Pacific,  the  loading  of  fireight  trains  is  graded  as  follows, 
according  to  speed,  weather  conditions,  Ac: 


Ordinary  trains.. 
Fast  trains.......... 


Conditions. 


Ordinary. 


Temp.  +  10<*to— 20OF.  Temp,  colder  than  --20<=> 

AV  \\aA   wall  ITakv 


or  bad  raiL 


Fahr. 


Beduce  sdiedule  by 


0  per  cent. 
10   ♦•     " 


7  per  cent. 

12    •♦      " 


12  per  cent. 
15   "      " 


In  making  deductions  under  this  table,  the  probable  conditions  on  the  ruling 
grade^  not  those  at  the  startins  point,  are  considered.  During  snow  or  wind 
storms,  loadings  are  determinea  by  the  conditions. 

On   the  Blctamond.  Fr«derleksbarar  A  Potomac  Ballroad, 

freight  locoraolives  draw  loads  as  follows  -.—exclusive  of  engine  and  tender. 
Cylinders  18  X  26,  62  in.  drivers,   90,000  Bw.  on  drivers,  630  tons. 
"         19X26,      ••         "         102,000  "    "        *•        700    " 

Maximum  (and  limiting)  grade  1  per  cent,  on  tangents. 

Wood  ftiel.  A  ton  (2240  lbs)  of  good  anthracite  or  bituminous  coal  is  about 
equal  to  \%  cords  of  good  dry,  hard,  mixed  woods  (chiedy  white  oak) ;  or  to  2 
cords  of  such  soft  ones  as  hemlock,  white,  and  common  yellow  pine.  Much  of  the 
inferior  bituminous  coal  of  niinois  is  hardly  equal  (per  ton)  to  a  ootA  of  average 
wood. 

A  cord  is  4  X  4  X  8  ft,  or  128  cub  ft  A  cord  of  good  dry,  white  oak  (next  to 
hickory,  the  best  wood  for  fuel)  weighs  8500  lbs  or  1.663  tons.  Dry  hemlock, 
white,  or  common  yellow  pine  (all  of  them  inferior  for  fuel) ,  about  .9  ton.    Per- 


water  causes  a  great  waste  of  heat,  green  wood  should  never  be  used  as  ftiel.  The 
values  of  woods  as  fuel  are  in  neaily  the  same  proportion  as  their  weights  per 
cord  when  perfectly  dry. 

When  wood  is  used,  about  .2  cord ;  or  when  coal,  about  %  cord  of  wood,  must 
be  used  for  kindling,  and  getting  up  steam  ready  for  runnnic ;  and  this  item  is 
the  same  for  a  long  run  as  ror  a  short  one ;  so  that  Ions  roads  nave  in  this  respect 
an  advantage  over  short  ones,  in  economy  of  fuel.  Wood  has  the  disadvantage 
of  emitting  more  sparks ;  and  is,  moreover,  nearly  twice  as  heavy  as  coal,  for  the 
performance  of  equal  duty ;  and  is,  therefore,  more  expensive  to  handle.  It  also 
occupies  4  or  5  times  as  much  space  as  coal. 

Fp  grradcfl  greatly  increase  the  consumption  of  fuel.  Thus,  on  a  road  95 
miles  long,  with  grades  mostly  of  less  than  6  ft  per  mile,  and  with  very  few  ex- 
ceeding 14  ft  per  mile,  with  coal  trains  of  784  tons  descending,  and  291  tons 
(empty)  ascending,  at  about  10  miles  per  hour  each  way,  the  coal  consumption 

X  Paper  by  Mr.  Thos.  Tait,  Manager,  Canadian  Pacific  Railway  Ca,  read  before 
the  New  York  Bailroad  Club,  January  17, 1901.    Proceedings,  Vol.  XI,  Na  8. 
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per  100  miles  for  eaoli  t4>n  of  total  train  (InolucliiiK  wgiii»  4nd  teodav)  wm 
Bm  descending,  and  86.6  Sw  ascending. 

On  first-class  roads  a  pniiaewger  enirtiie  will  aTerace  aboat  85000 

miles  pep  year,  or  say  100  miles  per  day ;  a  freight  engine  2.5000  miles  per 
year,  or  say  70  miles  per  day. 


Coal 

barned  lbs 

s 

^ 

;X 

per  mile. 

^. 

Ayer.  net 

/-*-N 

♦  ■«■  ♦ » 
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Chicago,  Barlin 
ton    &  Quinc 
1899. 

New  York   Ce 
tral,  1891. 
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IiOMMBtftiTe  8Ap8MgB  per  100  mllM  ran,  win  ftrmnge  tbont  «•  tatUm: 

PMMOger.  FrtigbL 

Fnel « 18.00  16.00 

Water. «.«    1.00  2.00 

Oil,  WMte,  Ac 70  .90 

Bepain 4.00  8.00 

Eogineer  ftod  firemflD 5.00  tf.OO 

Putting  ftway,  cleaning,  and  getting  out....    1.50  2.00 

Looomotire  fuperintendeiice 80  .50 

115.50  125.40 

An  additional  aOoiranoe  of,  fay  |2  per  100  milee,  thoald  be  made  annoaUj  for 
depreetotioii  of  emeU  eB^ine.  An  engine  in  aetive  Mrrioe,  ereo  under 
a  judicioofl  fjatem  of  repairs,  generallj  beoomea  worthlew  (except  aa  old  iron), 
in  fay  16  yean  on  an  aTerage. 
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VMial  dlmensioiia. 

Leagtli 

of  body. 

ft. 

Width. 

ft. 

Height 

aboTe  ralL 

ft. 

Weight, 

empty. 

Iba. 

Nominal  ea- 
padty,  in 

lbs. 

X'assenger.^ 

Parlor 

Sleeper 

Baggage,    mall, 

and  express ... 

Box  and  cattle.. 

Qondola 

60  to  60 
60  to  70 

60  to  60 

28  to  86 

82  to  86 

29  to  86 
10  to  18 

10 
II 
II 

II 
8>itolO 

8>^to  9 
8     to   9 
7Hto  8H 

14 
II 

II 

II 
lltoUJ^« 
6  to   7>J* 
4  to   4Mt 
8  to   9>i* 
6to   7* 

60000to  80000 
80000  to  100000 

40000to  60000 
28000to  86600 
20000to  80000 

II 

26000to  88000 
9000  to   11000 

60  to  64 
80  to  40 
about  80 

60000  to  80000 

Platform  

II 

Ck>al 

ti 

DQmp.«rrrt-T--r"'t't 

15000  to  20000 

*  Add  6  inches  for  brake  shaft.  • 

t  Add  2}^  to  8  feet  for  brake  shaft. 

On  narrow  yaoffe  (8  ft  and  8)^  ft)  roads  there  is  but  little  uniformity  in 
car  building.  Freight  cars  are  usually  from  25  to  82  ft  long,  6>^  to  8  ft  wide; 
capacity,  30000  to  40000  lbs. 


Steel  Cars,  built  by  the  Pressed  Steel  Car  Go.,  Pittsburg.  Pa. 


Hopper... 

Flat\Z 

Box* 

Furniture  ♦ .. 
Qondola..  X... 


Leigth 

over  end 

sills. 


Ft.  Ins. 

81  6 

40  0 

85  11% 

61  9^ 

48  8 


Width 

overalL 


Ft.  Ins. 

10  0 

10  0 

10  2 

9  10>i 

10  0 


Height 

oyer  all. 


Weight 

in 
pounds. 


86,000 
28,800 
82,300 
48,800 
86,100 


CaMcity 

in 
pouuds. 


100,000 
80,000 
70,000 
60,000 

100,000 


Height 

oyer 
Brake  Matt. 


Ft 
10 

6 
13 
14 

8 


Ins. 

6% 


»A 


*  Wooden  bodies  vith  steel  underframing :  others  all  steeL 


The  aTerase  life  of  a  passenger  car  is  about  16  rears. 
repairs,  including  painting,  S300  to  $700;  for  mail  and 
;  freight  cars,  $75  to  $150. 


Average  i 
express  cars,  $150  to 


Allowing  125  fi>s  per  passenger,  &full  car-load  of  passengers  (60  to  60  in  num- 
ber) would  weigh  but  ftom  6250  to  7500  lbs,  or  say  8  tons ;  while  the  cars  them- 
selves weigh  say  30  tons,  or  nearly  10  tons  of  dead  load  to  1  paylngr  ton 
of  passengers.  But,  as  a  general  rule,  passeneer  trains  are  not  more  than 
hal^filled ;  making  the  proportion  about  20  to  1.  The  forgoing  table  shows  that 
when  firelsrlit  ears  are  loaded  to  their  nominal  capacity,  there  is  less  than 
about  1-3  ton  of  dead  load  per  ton  of  paylni^  load;  or,  with  cars 
half  loaded,  2  to  8. 

The  average  cost,  in  the  United  States,  of  moving  a  passenger  one  mile  is  about 
double  that  of  moving  a  ton  of  Areight  one  mile,  while  the  receipts  per  pas- 
senger-mile are  nearly  three  times  those  per  freight-ton-mile. 

The  reslstanee  of  ears  to  motion,  on  a  level  track,  and  with  cars  and 
track  in  fair  order,  is  usually  taken  at  about  from  6  to  8  lbs  per  ton  of  2240  Sbs. 
With  everything  in  perfect  order,  it  may  fall  as  low  as  6,  or  even  4,  lbs  per  ton. 
On  the  other  hand,  if  the  wheels  are  not  truly  round,  and  if  the  journals  are  not 
well  lubricated,  it  may  greatly  exceed  10  or  12  lbs. 
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To  esttmaie  ronflrlily  tUe  speed  of  a  train  in  which  one  is  riding ; 
if,  as  usual,  the  rails  are  30  feet  long.  By  means  of  the  sound  of  the  trucks  In 
pMsing  the  joints,  count  the  nniAier  of  rail-IisBgths  passed  in  90  seconds,  mi 
number  is  a  Tery  little  less  than  the  speed  of  the  train  in  miles  per  hour. 

For,  let  n  » the  number  of  80-foot  rail-lengths  passed  over  in  20  seconds.  Then : 

Speed  in  miles  per  hour  =    20  v  5280     *■  ^ 

If  the  wheels  are  28  inches  in  diameter,  aS  is  common  in  trolley  cars  and 
bicycles,  the  number  of  revolutions  in  S  seconds  (which  may  sometimes  be 
counted  by  means  of  irregularities  in  a  wheel)  will  give  rery  closely  the  speed 
in  miles  per  hour. 

For,  let  n  =  the  number  of  rerolutions  in  6  seconds.    Then : 

Speed  in  mile,  per  hour --^.^^^^^  1. 0.9996  «. 
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TAble  1.    WN  TKE  UNITED  STATES.* 


Plant. 

MUes  butlt  in  om  year 

Miles  In  «a»er»tl«B .~ 

BoUlnir  siock  in  operation^ 

NuiuDerof  locomotives ^ 

"        passenger  cars .- ^ 

"        baggage,  mail,  and  express  cars  .... 

"        freight  and'other  cars 

Cost  of  road  and  e^nlpnient, 

pwmile,  in  dollars 

total,  in  millions  of  dollars 

Operation. 
For  one  year. 

Passengers  carried  one  mile,  per  mile  of  road 

Tons  of  freight  carried  one  mile,  per  mile  of  road . 
Gromi  earnings, 

per  mile  of  road,  from  passengers,     dollars 

"  "  "    freight ••     

"  "  "    malls,  Ac "     

"  "         total "     

per  paasenger-mlle,  from  passengers,     *•     

"  ton-mile,  from  freight "     

Jtassenger  earnings  -s-  total  earnings 
relght            "        -I-    •♦          "       

mail,  Ac,        «        -i-    *'  "       

gross  earnings  -i-  total  inveetment 

Expenses,    (For  details,  see  Table  8. ) 

per  mile  of  road dollars 

expenses  ■+■  gross  earnings 

Net  earnings. 

Net  earnings  -f-  total  investment , 


1880. 

1890. 

7174 

5498 

878&1 

1«6817 

17412 

83241 

12330 

22958 

4475 

7253 

455450 

1061970 

51561 

53783 

4530 

8789 

65392 

73062 

368514 

474728 

1641 

1782 

4740 

4686 

280 

528 

6611 

6946 

0.0251 

0.0218 

0.0129 

0.0093 

0.2488 

0.2519 

0.7169 

0.6817 

0.0348 

0.0664 

01136 

0.1015 

6174 

6792 

0.6078 

0.6854 

0.0504 

0.0840 

Table  2.    UNITED  STATES  BT  BITISIONS,  1800.* 


Plant. 

Miles  in  operation 

Cost  of  road  and  equipment,  per 
mile,  dollars 

Operation. 
For  one  year. 

Gross  earnings  per  mile,  9 

Expenses  per  mile,  9 

Expenses  +  Qross  earnings 


*  Tables  1  and  2  are  based  chiefly  upon  Poor's  Manual.        ^^  t 
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Eastern 
States. 

Central 
States. 

Western 
States. 

Pacific 
States. 

52785 

64818 

59562 

10686 

68911 

46648 

48745 

61696 

10181 

6982 

0.6842 

6911 

4808 

0.6950 

4697 

8020 

0.6430 

6948 

4575 

0.6589 
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Table  8.  liemui  of  total  ananal  expensMi  for  mainteDanoe  and 
operation  of  all  the  railroads  of  the  United  States.  Year  ending  June  80, 1899. 
From  Report  of  Interstate  Commeree  CommiMiioii,  1899. 


Total  1 

mifeot 
road. 

Percent 
of  total 

87,307,140 

467 

10.72 

10,767,381 

67 

1.82 

28,(;2;i;«5 

126 

2.90 

19,:j;i5,H60 

108 

2.88 

19,«:iii,J18 

106 

2.48 

8,968,408 

21 

0.49 

l,l.'>;i:,408 

8 

0.14 

8,837,314 

20 

0.47 

189,826,054 

897 

20.85 

50,55^,264 

266 

6.21 

17,628,134 

98 

2.16 

67,820,621- 

808 

7.04 

17,795,526 

94 

2.18 

148,294,445 

756 

17.69 

14,:i;>2,fl91 

76 

1.77 

86,581;, 108 

454 

10.64 

78,  in:;.  1)78 

417 

9.69 

74,i''';/-i82 

892 

9.11 

38    'iWS 

178 

4.15 

15    ?.  i82 

82 

1.90 

66.--M,777 

852 

8.20 

22:i.(  >}84 

118 

2.74 

20. :;-(;  i62 

108 

2.50 

14,  L'lM  1,195 

75 

1.76 

37,^J^r,,j92 

198 

4.58 

464,450/»4 

2450 

67.04 

86,819,917 

194 

4.62 

814,890,000 

4297 

100.00 

Repairs  of  roadway.^.. 

Renewals  of  rails 

"         ♦  ties 

Repairs  and  renewals,  bridses  and  culyerts. 

"       "  "         buildingB,  docks,  wharves.. 

"       '*  "         fences,  crossings,  Ac 

•*       "  "         telegraph 

Sundries 

Maintenance  of  way  and  stmotares 

Repairs  and  renewals,  locomotives 

"       "  "         passenger  cars 

"       "  "         freight  cars 

Saperintendenoe  and  sundries 

Maintenance  of  equipment. 

Superintendence 

Fuel,  <&c,  for  locomotives 

Engine  and  roundhouse  men 

Train  service,  supplies,  and  expenses... 

Switchmen,  flagmen,  and  watchmen 

Telegraph 

Station  service  and  supplies 

Balances.    Switching  charges,  car  mileage,  &o 

Yards,  elevators,  rentals :.. 

Loss,  damage,  accidents 

Sundries.. 

Total  running  expenses, 

Unclassified 

Aggregate  annual  expenses 


Each  of  these  items  is,  however,  subject  to  great  variation,  not  only  on  diff  roads, 
but  on  the  same  road,  from  year  to  year.  A  road  with  many  bridges,  deep  cuts,  high 
embkts,  Ac,  to  keep  in  repair,  will  have  heavier  maintenance  of  way  than  one 
which  has  but  few ;  and  this  item  may  be  but  small  one  year,  and  twice  as  great 
the  next  Fuel  may  be  cheap  on  one  road  and  dear  on  another ;  and  this  mate- 
rially affects  the  item  of  motive  power.  And  so  with  the  other  items.  Some- 
times maintenance  of  way  exceeds  motive  power  and  cars  together ;  at  others, 
conducting  transportation  is  fully  half  the  total  expense. 

The  total  ammal  expenses  on  railroads  In  tlie  United 
States  usually  range  between  66  and  130  cents  per  train  mile ;  that  is,  per  mile 
actually  run  by  trains.  When  a  road  does  a  very  large  business,  and  of  such  a 
character  that  the  trains  may  be  heavy,  and  the  cars  full  (as  in  coal-carrying 
roads),  the  expense  per  train  mile  becomes  large ;  but  that  per  ton  or  passenger 
small ;  and  vice  versa,  although  on  coal  roads  half  the  train  miles  are  with 
empty  cars. 
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Me  4.  OroMi  annaal  eaFnlBi^  per  mile,  per  pfMMeiiirei 
),  and  per  ton  mile,  of  «ome  of  tlie  prlnelpal  iJ.  S.  ralli 
la  !■  IrnWK   From  Poor*s  Mawnal. 


PennsrlTftDim.......^ 

New  York  Central  d  Hudson  Biyer, 

Baltimore  &  Ohio ... 

Chicago,  Burlington  d  Quincv 

Philadelphia  d  Beading 

Union  Pacific. ^ 

Wabash 

Atchison,  Topeka  &  Santa  F6 

Total  and  ayeragee.  United  States.... 


From  passengers 


>ngth, 
milea. 


Per  mile 
of  road. 


2780 
2395 
2024 
7419 
915 
2421 
2278 
7029 
187781 


$4690 
5780 
2791 
1276 
4386 
1865 
1753 
1154 
1684 


Per  pass 
mile. 


Permile 
of  road. 


$0.0194 
0.0182 
0.0174 
0.0211 
0.0162 
0.0279 
0.0189 
0.0228 
0.0200 


Krom  freight. 


$18877 
11496 
9909 
8945 
19600 
5842 
4044 
4196 
4912 


Per  ton 
mile. 


$0.0047 
0.0059 
0.0089 
0.0086 
0.0078 
0.0164 
0.0056 
0.0102 
0.0078 


Tiable  5.    Annaal  eamlni^  and  expenses  of  some  of  the 

prlnelpal  railroads  In  the  United  States  In  1899     ^ 

Poor's  Mannal. 


^SSJ"' 

Gross 
earnings 
permit 
of  road. 

Expenses 
permile 
Sfroad. 

Expenses 
-1- gross 
earningB. 

2780 
2895 
2024 
7419 
915 
2421 
2278 
-7029 
187781 

$25787 
19285 
14160 
5942 
24540 
8181 
6820 
5768 
7161 

$17670 
12163 
10858 
8662 
13422 
4713 
4571 
8927 
4760 

06904 

New  York  Central  A  Hudson  Birer, 

Baltimore  &  Ohio. 

Chicago,  Burlington  A  Qainey......... 

Philadefohia  A  Beadine 

0.6807 
0.7667 
0.6118 
0.6460 

Union  Pacific 

0.5760 

Wabash „ 

Atchison.  Topeka  A  Santa  Pfi.. 

0.7288 
0.6814 

Total  and  ayeragea,  United  SUtes.... 

0.6669 

OperatlnfT  expenses,  Srlo  Bailroad  Company,  1900. 

Entire  system,  comprising  Erie  and  Ohio  Diyisions. 


Cbal  used  per  mile,* 
per  passenger  locomotlye,  lbs. 
"   work 
••   switching 
"   pusher 
"  freight 


•<  passenger  car, 
"  freight 


eight 
100  tons  t 
OH  and  waste. 
Cylinder  oil. 

Loco,  mileage  per  quart 

Lubricating  oil. 

Looob  mileage,  per  quart... 

Waste,  pounds  per  100  miles ..... 


86.9 
93.7 
78.4 
147.7 
162.2 
18.8 
6.4 
20.5 


122.5 


49.0 
1.0 


per  per 

Cost  per  mile                       loco,  car 

mile.  mile. 

Fuel                         cents    7.29  0.56 

Repairs  and  renewals,  **     7.46  0.57 

Oil  and  waste "     0.33  0.02 

Water  supply "     0.42  0.08 

Other  supplies. ......  "     a  14  0.01 

Engineers  and  firemen  "     6.82  0.52 

Boundhouse  men **     1.54  0.12 

Total "  23.99  TS 

Cost  per  100  tonsf  per  mile,  8.88  oeota. 
Cost  of  coal,  per  ton  f,  aver- 

ase    of   anthracite    and 

bituminous......„..„ $1.25 


*  1.5  cords  wood  taken  as  equiyalent  to  1  ton  (2000  lbs)  coal. 
fTonsof  20001b8. 
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BE^UnUBMEBrTS  FOB  IBOBT  ABTP  STEi:i«. 

(Soe  also  Bridge^  Speoificatioiis.) 
Dlji^est  of  Speclileations  adopted,  suMect  to  l«tter  ballot,  at  4Ch  Annaal 
Meeting  of  the  Amerieaii  Section  of  the  International  AwMMslatlon 

foj*  TestAnff  Materials,  June  29, 1901.    Adopted  by  letter  ballot^  August, 
1901,  except  wrought  irou ,  on  which  action  was  deferred. 

Process  of  Mannfactnre. 

Wrought  iron;  puddled,  charcoal  hearth,  or  rolled  from  fagots  or  piles  mad* 
from  wrought  iron  scrap,  alone  or  with  muck  bar  added. 

Steel  castings.    Open-hearth,  crucible  or  Bessemer  process. 

Steel  forcings.    Open-hearth,  crucible  or  Bessemer  process. 

Steel  Rails.  Bessemer  or  open-hearth.  Ingots  shall  be  kept  rertlcal  in  pit- 
heating  furnaces.  No  bled  ingots  shall  be  used.  Sufficient  material  shall  be  ais- 
carded  from  the  tops  of  the  ingots  to  insure  sound  rails. 

Steel  Splice  Bars.    Bessemer  or  open-hearth. 

Boiler  Plate  and  Rivet  Steel    Open-hearth. 

Structural  steel  for  bridees  and  ships.    Open-hearth. 

Structural  steel  for  builaiags.    Open-hearth  or  Bessemer. 

Test  Plecses. 

For  flat  plates,  the  specimen  shown  in  Fig.  J  shall  be  used. 
For  larm  rouads,  test  speoimen  as  shown  in  Fig.  K.    The  center  of  the  specl- 
BMo  shall  be  half  way  between  the  center  and  the  outside  of  the  round. 
Whenever  possible,  iron  shall  be  tested  in  full  size,  as  rolled. 
Test  specimens  shall  be  cut  from  bar  as  rolled. 
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Tests. 

If Icklnff  tests.  The  specimen  shall  he  slightly  and  evenlj  nicked  on  one 
Bio^  and  betti  baek  at  ihit  point  through  an  angle  of  180°  by  a  succession  of 
liwkblows. 

Hot  bendinip  tests.  Specimens  shall  be  heated  to  a  bright  red,  and  bent 
by  pressure  or  by  a  succession  of  light  blows  and  without  hammering  on  head. 

Cold  bending  tests.  Specimen  to  be  bent  by  pressure  or  by  a  succession 
of  lieht  blows. 

TlsM  |»olnt.  The  yield  point  shaU  be  determined  by  careful  obseryation 
of  the  drop  of  the  beam  or  halt  in  ti)e  gase  of  the  testing  machine. 

Drop  Msts.  The  drop  testing  macnine  for  rails  snail  have  a  tup  of  2000 
|>ounds,  the  striking  face  of  which  shall  have  a  radius  of  not  more  than  5  in* ; 
and  the  test  rail,  not  more  than  6  feet  long,  shall  be  placed  head  upwards  on 
Bolid  support^  3  ft  apart.  The  anvil  block  shall  weigh  at  least  20,000  lbs,  and  the 
enpnorts  shall  be  a  part  of,  or  firmly  secured  to,  the  anvil.  Height  of  drop  from 
10  ft  Ibr  45  lb  rail  to  19  ft  for  85  lb  and  over.  One  test  piece  shall  be  selected 
from  every  fifth  blow. 

JQtomogenelty  tests  for  Are  box  steel.  A  portion  of  the  broken 
tenaile  teat  apeoimen  is  either  nicked  or  grooved  A  inch  deep,  in  three  places 
shout  2  ins  apart  and  on  opposite  sidte.  It  is  then  clamped  in  a  vise  and  broken 
off,  by  light  hammer  blows,  bending  away  from  each  groove  in  succesision.  The 
•peoimen  must  not  show  any  single  seam  or  cavity  more  than  %  inoh  loog. 

Notes  to  table,  pp.  979  and  87S. 

ra)  To  be  bent  iat 

(b)  Specimen  to  be  bent  about  a  bar  of  diameter  equal  to  its  own  diameter  or 
thicKness. 
f  c)  Specimen  to  be  bent  about  a  bar  twice  its  diameter. 

(d)  Elongation,  min,  per  cent,  in  sections  less  than  0.064  !be.  per  Unear  ft, 
grade  A,  19;  B,  15;  G,  12. 

(e)  Kicking  test.    Max  per  cent  granular  surface,  grade  A,  10:  B.  10:  C,  16. 
<f)  Hot  bending  test.    Bar  to  be  oent  without  eracKing  on  outdde  of  bend. 

To  be  bent  flat  in  each  grade;  180°  in  grades  A  and  B,  and  sharply  to  90° 
In  C.  Grade  A,  heated  ydlow  and  suddenly  quenched  in  water  between  80° 
and  90°  F,  to  bend  flat  180°.  Also,  heated  brisht  red,«plit  at  end,  and  each  part 
bent  back  180°.  Punched  and  drifted  to  bole  at  least  0.9  diam  of  rod  or  width  of  W. 

Su)  Phosphorus,  pieces  for  physical  test,  O.CO  for  each  grade, 
b)  Sulphur,  pieces  for  physical  test,  0.05  for  each  graide. 
i)  Bending.    Specimen  1  inch  X  %  inch  to  bend  cold  around  a  diam  of  1  inch 
without  fracture  on  outside  of  bent  portion. 

(j)  Bending.    Specimen  1  inch  X  /^  ii^ch  to  bend  oold,  without  flractnre  on 
outside  of  bent  portion,  around  a  diameter  of  ^  in^ 
(k)  Same,  around  diwn  of  1%  ins. 

(1)  Same,  around  diam  of  1%  ins  if  not  less  than  20  ins  diam ;  around  a  diam 
of  1  inch  if  less  than  20  ins  diam. 
(m)  Same,  about  a  diameter  of  1   inch, 
(n)       "         ««  "        "  H     " 

?o)       "        "  "        *'  1      " 

(p)  Deduct  1  per  cent  for  each  ^  inch  in  thickness  above  %  inch,  and  1)^  per 

oent  for  each  r^  iscb  bdow  —^  inch. 
Id  16 

(q)  Bending.  Rivet  rounds  to  be  tested  of  full  size,  as  rolled.  Plate  speci- 
mens shall  be  1^  ins  wide.  For  plates  not  over  ^  inch  thick,  the  thickness 
shall  be  the  same  as  that  of  the  plate,  and  the  specimen  shall,  where  possible, 
have  the  natural  rolled  surface  on  two  opposite  sides.  For  plates  thicker  than 
%  inch,  the  specimen  may  be  yi  inch  thick.  Shall  be  subjected  to  both  cold  and 
quenched  beudins  tests.  For  tne  quenched  test,  the  material  is  to  be  heated  to 
a  light  cherry  red  (as  seen  in  the  dark)  and  quenched  in  water  of  temperature 
between  80°  and  90°  Fahr.  Samples  shall  bend  flat  without  fracture  on  the 
outside  of  bent  portion.    Bending  may  be  done  by  pressure  or  by  blows. 

(r)  For  pins,  the  elongation  shall  be  5  per  cent  lees.  Center  of  test  specimen 
1  inch  from  surface. 

(s)  Eye4>ars  shall  be  of  medium  steel.  Full-sized  tests  shall  show  12>^  per 
cent  elongation  in  16  ft  of  body.  Min  tensile  strength,  65,000  lbs.  per  sq  in. 
At  least  %  of  eve-bars  tested  shall  break  in  the  body. 

(t)  Same  as  (q)  but  omitting  quenching  test. 

(u)  See  Homogeneity  Test,  in  text,  above. 
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See  notes,  p.  871. 

Metel. 

Carbon. 

Phoe-' 
phorus. 

Sul- 
phur. 

Maogtn- 

Kiokd. 

1. 

Wrought  Iboh. 

Grade  A 

Max. 

Max. 

Max. 

Max.  Mm. 

Max.  Min. 

Grade  B 

Grade  C  ...«. 

3. 

-Steel  Gastimqs. 

Hard 

0.40 
0.40 
0.40 

0.08  g 
0.08  g 
0.08  g 

0.06  b 
0.06  h 
0.06  h 

Medium 

Soft 

Steel  Foroinos. 

Soft  or  low  carbon......... 

0.10 
0.06 
0.04 

0.04 

0.10 
0.06 
0.04 

0.04 

ioo  i'oo* 

4.00  8.00 

Carbon,  not  annealed.... 

Carbon  annealed  ......... 

8. 

Carbon,  oil  tempered 

Nickel,  annealed 

Nickel,  oil  tempered 

Steel  Rails. 

60  to  69  lbs.  per  yard..... 
60  to   69  "     "      "    .... 
70  to   79  •«     "      "    ..... 
80  to  89  "     "      •*.  .... 
90  to  100  "     "      "   

Max.  Min. 
0.46  0.86 
0.48  0.38 
0.60  0.40 
0.68  0.48 
0.66  0.46 

0.10 
0.10 
0.10 
0.10 
0.10 

0.20 
0.20 
0.20 
0.20 
0.20 

1.00  0.70 
1.00  0.70 
1.06  0.76 
1.10  0.80 
1.10  0.80 

4. 



6. 

Steel  Splice  Babs 

Max. 
0.16 

aio 

0.60  0.80 

...^ 

Open    Hearth    Boiler 

Plate  and  Rivet  Steel. 

Flange  or  Boiler  Steel ... 

acid  basic 
0.06  0.04 
0.04  0.03 

0.04  0.04 

0.06 

0.04 

0.04 

0.60  0.80 
0.60  0.80 

0.60  0.80 



6. 

Fire  Box  Steel 

Extra   Soft    Steel    for 
Boiler  Rivets 

7 

Structural   Steel   for 

Bridges  and  Ships. 

Rivet  Steel 

acid  basic 
0.08  0.06 
0.08  0.06 
0.08  0.06 

0.06 
0.06 
0.06 

Soft  Steel 

Medium  Steel 

8. 

Structural  Steel  for 
Buildings. 
Rivet  SteeL 

Max. 
0.10 
0.10 

Medium  Steel 

Qoogk 
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See  notes,  p.  87L 


Tensile  Tests. 

Cold  Bending 
Tesu. 

Strength,  lbs.  per  sq.  in. 

Elastic  Limit 

and 
Yield  Point, 
lbs.  per  sq.  in. 

Elonga- 
tion. 
Per- 
centage 
in  8  ins. 

Con- 
traction 
of  Area. 

Per- 
centage. 

Angle 
of  Bend. 

How 
Bent 

|| 

Max. 

Min. 
50.000 
48.000 
48,000 

Yield  Point. 
Min. 
25,000 
25,000 
25,000 

Min. 
25d 
20  d 
20d 

Min. 

o 
180 
180 
180 

a 
b 
c 

e,r. 



85,000 
70,000 
60,000 

88,250 
81,600 
27,000 

15 
18 
22 

20 
26 
80 

1 
i 

i 

90 
120 

Average. 
58,000 
75,000 
75,000 

85,000 
80,0(K) 
90,000 

Average. 

29,000 

87,500 

37,500 

Elastic  Limit 

18 
23 

21.5 
24.5 
22.5 

Avge. 
35 
80 
82.5 

42.6 
42.5 
47.5 

180 
180 
180 

180 
180 
180 

x 

m 
n 

0 

47,500  * 
60,000 

See  Drop  Test,  in  text,  above. 

64,000 

Min. 
64,000 

Min. 
82,000 

Min. 
25 

180 

a 

65,000 
62,000 

55,000 

65,000 
52,000 

46,000 

Max.  and  Min. 

}4  Tensile 
Strength. 

25  p 

26  p 

28  p 

180 
180 

180 

a.q 
a,q 

a,q 

u 

60,000 
62,000 
70,000 

50.000 
52,000 
60,000 

}  'ffir  { 

rs. 
26p 
25  p 
22p 

180 

180 
180 

a,  t 

a,  t 

b,  t 

60,000 
70,000 

60.000 
60,000 

>    >^  Tensile    f 
/    Strength.     ( 

r. 
26p 
22p 

180 
180 

a,  t 

b,  t 

ngitized  by' 
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Inn  te  we»kcmed  by  extreme  eold. 

The  belief  (originatiDg  with  StyiTof  Sweden)  is  gaiaing  groand  that  iron  and 
steel  are  not  rendered  more  britOe  by  intense  cold^  but  that  the  great  number  of 
oreakages  of  rails,  wheels,  axles,  Ac,  in  winter,  is  owing  to  the  more  severe  blowa 
mcident  to  Ae  frozen  and  unyielding  nature  of  the  earth  at  that  period  of  the  year. 
But  Sandberg's  experiments  show  oondusiyely  that  although  these  metals  may  per- 
\x9iig»  bear  as  much  gUadjf  fra^e,  gradually  applied,  in  winter  as  in  summer,  yet  theii 
redstance  to  impulse^  or  ndden  /«rcr,  is  not  more  than  ^  or  ^  as  great  in  MTare 
eold ;  which  renders  them  less  flexible  and  less  stretchy.  It  is  probable  that  this 
foct  does  not  receive  as  much  attention  as  it  should,  in  proportioning  iron  bridges,  Ac. 

Some  experiments  with  good  wrought  iron  showed  that  even  at  23P  Fah,  or  only 
9P  colder  than  freezing  point,  there  was  a  loss  of  strength  of  from  2}^  to  4  pei 
eeat. 

Malleable  Cast  Iron.  Experiments  by  Mr.  D.  L.  Barnes,  of  Chicago,  on 
a  large  number  of  samples  of  a  single  make  of  "malleable"  cast  iron,  gave  in 
most  cases  tensile  strengths  ranging  from  24000  to  32000  lbs.  per  square  inch, 
with  an  average  of  about  28000  lbs.  The  higher  figures  were  obtained  generally 
with  the  smallest  bars  (about  SXM  inch)  and  the  lower  with  the  largest  bars 
(about  3X1  inch).  Pieces  planed  on  all  four  sides  averaged  only  about  24000  lbs. 
per  squareHnch.  This  may  explain  the  difference  in  favor  of  the  smaller  sections, 
in  which  the  original  "shsil "  forms  a  larger  portion  of  ths  whole  cross  section. 

CAST  IROH. 

Tensile  strength 14,000  to  20,000  lbs  ♦  per  sq  inch 

Compressive  strength  (average  about  100,000)...  90,000  to  130,000  "         **         " 
Transverse  strength,  bar  1  in  sq,  1  ft  span, 

center  load  2500  lbs.   Deflection,  minimum, 

0.15  inch. 

Elastic  limit « about  6,000  fi>s  per  sq  inch 

Modulus  of  Elasticity '*      15/KM),000  "     "         " 

Specifleations. 

Tensile  strength. 

Bureau  of  Water,  Philadelphia 16,000  to  20,000  lbs  per  sq  Inck 

Water  Department,  St.  Louis,  Mo 18,000  "       "        " 

Transverse  strength. 
Bureau  of  Water,  Philadelphia. 
1  in  sq,  56  ins  span,  center  load  600  &>s. 

1  in  sq,  86  ins  span,      "         **    760  lbs.    Deflection,  minimum,  0.4  to  0.6  In. 
Water  Department,  St.  Louis,  Mo. 
8  in  X  ^  in  (laid  flat)  18  ins  span,  center 
load  lOiDO  to  1250  9>s.    Minimum  deflection  0.3  to  %  inch. 

UTelfflit  of  Cast  Iron. 
Assmnlny  450  lbs  per  enb  ft,  specific  gravity  7.2,  a  cub  inch  weighs 
0.2604+  OtM) ;  and  a  pound  contains  3.83995+  cub  ins. 

Table,  pag^e  875 :       D  =  thickness  or  diameter,  in  inches. 

Wt.  of  plate,  1  ft  square,  in  Rs  =  37.5     D  (Exact)  Log  W  =  1.674  0313  +    Log  D 

"    "  sq  bar,  1  ft  long,  in  fts  =    8.125  Da  (Exact)  Log  W  =  0.494  8500  +  2  Log  D 

"    "  rd  bar,  1  ft  long,  in  lbs  =    2.45437  D«  Log  W  =  0.389  9400  +  2  Log  D 

•*    "ball,  inft>s=    0.136354D8  LogW  =  1.134 6551 +3 Log D 

UTelgrht  of  a  spherical  shell  =  weight  of  ball  having  outer  diam  of 
shell  minus  weight  of  ball  having  its  inner  diam. 

Weiffht  of  pattern.  A  casting  weighs  20  X  weight  of  pattern  of  per- 
fectly dry  white  pine.  If  not  perfectly  dry,  although  well  seasoned,  for  20, 
substitute  19  or  18. 

For  lead,  at  700  fi>s  per  cub  ft.  multiply  weight  of  cast  iron  by  1.555 ; 

For  eopper,  at  550  lbs,  multiply  by  1.222 ; 

For  brass,  at  500  fba,  multiply  by  1.111 — ->-; 

For  wrongrht  iron,  at  485  fcs,  multiply  by  1.0777 ; 

For  tin,  at  460  fie,  multiply  by  1.022 ; 

Zinc,  at  450  S>s  =  cast  iron. 

*  High  grade  irons  may  reach  30,000  to  40,0()0  lbs  per  sq  inch,  tensile. 

Digitized  by  VjOOQ IC 


WEIGHT  OF  CAST  IBON. 
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TABI«E  OF  WEIGHT  OF  CAST  IBOIT. 

At  450  lbs  per  cubic  foot;  specific  gravity,  7.2. 


.» 

=  Thickness  or 

diameter 

,  In  inches.    For  equivalente  in  feet,  see 

p221. 

B 

Weifphto,  Id  pounds. 

B 

Welffhti 

,  in  pounds. 

Plate 
Iftsq. 

Sauare 

Round 
bar 

•Ball. 

Plate 
Iftsq. 

Sauare 

Round 
bar 

Ball. 

1ft  long 

1  ft  long 

1  ft  long 

1  ft  long 

1/82 

1.172 

0.0031 

0.00i24 

3iy 

117.2 

80.52 

23.97 

4161 

1/16 

2.844 

0.0122 

0.0096 

7* 

121.9 

38.01 

25.92 

4681 

3/82 

8.516 

0.0275 

0.0216 

0.0001 

ya 

126.6 

36.60 

27.96 

6.242 

1/8 

4.688 

0.0486 

0.0383 

0.0003 

7% 

131.2 

3&28 

30.07 

6.846 

5/82 

5.859 

0.0763 

0.0599 

0.0U05 

yL 

135.9 

41.06 

32.25 

6.495 

3/16 

7.081 

0.1099 

0.0863 

0.0009 

0 

140.6 

4&94 

34.51 

7.191 

7/82 

8.203 

ai495 

0.1174 

0.0014 

ya 

145.8 

46.92 

36.86 

7.984 

1/4 

9.875 

ai95a 

0.1534 

0.0021 

4.^' 

150.0 

50.00 

39.27 

8.727 

9/82 

10.55 

0.2472 

0.1941 

aooso 

164.7 

53.17 

41.76 

9.571 

5/16 

11.72 

0.3052 

0.2397 

0.0042 

i5 

169.4 

56.45 

44.33 

10.47 

11/32 

12.89 

0.3693 

0.2900 

0.0055 

7B 

164.1 

69.81 

46.98 

11.42 

3/8 

14.06 

0.4394 

0.3451 

0.0072 

79 

168.8 

68.28 

49.70 

12.43 

13/32 

15.23 

0.5157 

0.4051 

0.0091 

tz 

173.4 

66.84 

52.50 

13.49 

7/16 

16.41 

0.5982 

0.4698 

0.0114 

tI 

178.1 

70.51 

56.38 

1461 

15/32 

17.58 

0.6866 

0.5393 

0.0140 

jZ 

182.8 

74.27 

58.83 

15.80 

1/2 

18.75 

0.7812 

0.6136 

0.0170 

5. 

187.5 

78.12 

61.36 

17.04 

9/16 

21.09 

0.9888 

0.7766 

0.024S 

Xd 

192.2 

82.08 

6447 

18.35 

5/8 

23.44 

1.221 

0.9587 

0.0338 

1/ 

196.9 

86.13 

67.65 

19.73 

11/16 

25.78 

1.477 

1.160 

0.0443 

vi 

201.6 

90.28 

70.91 

21.17 

3/4 

28.12 

1.758 

1.381 

0.0575 

79 

206.2 

94.53 

74.24 

22.69 

13/16 

30.47 

2.063 

1.620 

0.0731 

/% 

210.9 

98.88 

77.66 

2427 

7/8 

32.81 

2.393 

1.879 

0.0913 

y 

215.6 

103.3 

81.16 

25.92 

15/16 

35.16 

2.747 

2.157 

0.1124 

220.8 

107.9 

84.71 

27.66 

1. 

37.60 

3.125 

2.454 

0.1363 

6.^ 

225.0 

112.5 

88  36 

29.45 

1/16 

39.84 

3.528 

2.771 

0.1636 

M 

234.4 

122.1 

96.87 

33.29 

1/8 

42.19 

8.955 

3.106 

0.1941 

L7 

243.8 

132  0 

103.7 

37.45 

3/16 

44.58 

4.407 

3.461 

0.2283 

74 

263.1 

142.4 

111.8 

41.94 

1/4 

46.88 

4.883 

3.835 

0.2663 

7. 

262.5 

153.1 

120.8 

46.77 

5/16 

49.22 

5.383 

4.228 

a3083 

271.9 

164.3 

129.0 

51.96 

8/8 

51.56 

5.908 

4.640 

0.8545 

xt 

281.2 

175.8 

138.1 

57.62 

7/16 

53.91 

6.458 

5.072 

0.4050 

yL 

290.6 

187.7 

147.4 

63.47 

1/2 

56.25 

7.031 

5.522 

0.4602 

8. 

300.0 

200.0 

157.1 

69.81 

9/16 

58.59 

7.629 

5.992 

0.5202 

309.4 

212.7 

167.0 

76.57 

5/8 

60.94 

8.252 

6.481 

0.5861 

\l 

318.8 

226.8 

177.3 

83.74 

11/16 

63.28 

8.899 

6.989 

0.6552 

7^ 

328.1 

289.3 

187.9 

91.36 

3/4 

63.62 

9.570 

7.517 

0.7308 

9. 

337.5 

253.1 

198.8 

99.40 

13/16 

67.97 

10.27 

8.063 

0.8119 

X^ 

346.9 

267.4 

210.0 

107.9 

7/8 

70.31 

10.99 

8.629 

0.8988 

*4 

356.2 

282.0 

221.5 

116.9 

15/16 

72.66 

11.73 

9.213 

0.9917 

% 

365.6 

297.1 

233.3 

126.4 

2. 

75.00 

12.50 

9.818 

1.091 

10. 

375.0 

312.5 

245.4 

136.8 

1/8 

79.69 

14.11 

11.08 

1.308 

V 

384.4 

328.3 

257.9 

146.8 

1/4 

84.38 

15.82 

12.43 

1.553 

£2 

393.8 

344.5 

270.6 

157.9 

8/8 

89.06 

17.63 

18.84 

1.827 

/* 

403.1 

361.1 

283.6 

169.4 

1/2 

93.75 

19.53 

15.34 

2.131 

412.5 

378.1 

297.0 

181.5 

6/8 

98.44 

21.53 

16.91 

2.466 

x^ 

421.9 

395.5 

310.6 

194.1 

8/4 

103.1 

23.63 

18.56 

2.836 

7^ 

431.2 

413.3 

324.6 

207.4 

7/8 

107.8 

25.83 

20.29 

3.240 

% 

440.6 

431.5 

338.9 

221.2 

3. 

112.6 

28.12 

22.09 

3.682 

450.0 

450.0 

353.4 

235.6 

y  Google 
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WEIGHT  OF  CABT-IBON  PIPES. 


WEIOHT  OF  CAST-IRON  PIPES  p«r  nmiilnip  foot. 

AMaming  the  weight  of  oaat-iron  at  460  Ibe  per  cab  ft,  or  .2604  9>  par  cab  inch.  N« 
sUowanoe  is  here  made  for  the  spigot  and  foacet-Joints  nsed  in  water-pipes.  As 
these  are  nOw  commonly  made,  th^  add  to  the  weight  of 

each  length  or  section  of  pipe  of  anT  shee,  about  as  much  as  that  of  8  inches  in 
length  of  the  plain  pipe  as  given  in  the  table. 

For  lead-pipo  mult  by  1.6;  eopper«  malt  b7l.S;  bmflSfaddlpTtb; 
welded  li^n*  mult  by  1.0607,  or  add  one  fifteenth  psjrt.  ^ 


THICKNESS    OF    PIPB   IN   INCHES. 


Wtin 
Lbt. 

3.07 
3.69 
4.30 

4.92 
5.M 
6.15 
«.78 
7.37 
7.98 
8.60 
9.21 
9.83 
10.3 
11.1 
11.7 
12.3 
12.9 
13.5 
14.2 
11.8 
15.4 
16.6 
17.8 
19.1 
20.3 
21.5 
22.8 
24.0 
25.1 
26.4 
27.6 
28.8 
30.0 
32.5 
36.0 
37.4 
39.1 
42.3 
44.8 
4T.S 
49.7 
52.2 
54.6 
57.1 
59.6 
62.0 
64.5 
66.9 
69.4 
71.8 
74.2 
76.7 
7tf.l 
81.6 
8t.l 
88.5 
8^.0 


Wtin 
Lbi. 

5.0T 
6.00 
6.92 
7.84 
8.76 
9.69 
10.6 
11.5 
12.6 
13.4 
14.3 
15.2 
16.1 
17.1 
18.0 
18.9 
19.8 
20.8 
21.7 
22.6 
23.5 
25.4 
27.2 
29.1 
30.9 
32.8 
34.6 
36.4 
38.3 
40,1 
42.9 
43.8 
45.7 
49.4 
53.1 
56.7 
60.4 
64.1 
67.8 
71.5 
75.2 
78.9 
82.6 
86.3 


Wtia 

Lbs. 
7.38 
8.61 
9.84 
11.1 
12.3 
13.5 
14.8 
16.0 
17.2 
18.5 
19.7 
20.9 
22.2 
23.4 
24.6 
25.8 
27.1 
28.3 
29.5 
30.8 
32.0 
34.5 
36.9 
39.4 
41.8 
44.3 
46.8 
49.2 
51.7 
54.1 
56  6 
59.1 
61..S 
96.4 
71.4 
76.3 
81.2 
8«.l 
91.0 
96.0 

101. 

106. 

111. 

116. 

121. 

126. 

131. 

135. 

140. 

145. 

150. 

155. 


175. 
180. 
210. 


H 

H 

« 

1 

Wtin 

Wt  In 

Wt  Id 

Wt  in 

Lbi. 

Lbs. 

Lb». 

Lbs. 

9.99 

12.9 

16.3 

19.7 

11.5 

14.8 

18.3 

22.2 

13.1 

16.6 

20.5 

24.6 

14.6 

18.5 

32.6 

27.1 

16.2 

20.3 

34.8 

29.5 

17.7 

22.2 

26.9 

82.0 

19.2 

24.0 

29.1 

34.5 

20.8 

25.9 

31.2 

36.9 

22.3 

27.7 

33.4 

39.4 

23.8 

29.5 

35.5 

41.8 

25.4 

31.4 

37.7 

44.3 

26.9 

33.2 

39.8 

46.8 

28.5 

35.1 

42.0 

49.2 

30.0 

36.9 

44.1 

51.7 

31.5 

38.8 

46.3 

54.1 

33.1 

40.6 

48.5 

56.6 

34.« 

42.5 

60.6 

69.1 

36.1 

44.3 

52.8 

61.5 

37.7 

46.1 

54.9 

64.0 

39.3 

48.0 

57.1 

66.4 

40.8 

49.8 

69.2 

68.9 

43.8 

53.5 

63.5 

73.8 

46.9 

57.2 

67.B 

78.7 

50.0 

60.9 

72.1 

83.7 

53.1 

64.6 

76.4 

88.6 

56.1 

68.3 

80.T 

83.5 

59.2 

72.0 

85.1 

98.4 

62.3 

75.7 

89.3 

103. 

65.5 

79.4 

93.6 

108. 

68.4 

83.0 

97.9 

113.2 

71.5 

86.7 

102. 

118. 

74  6 

90.4 

107. 

123. 

77.7 

94.1 

HI. 

128. 

83.8 

102. 

120. 

138. 

89.4 

109. 

128. 

148. 

96.1 

116. 

137. 

158. 

102. 

124. 

145. 

167. 

108. 

131. 

154. 

177. 

115. 

139. 

163. 

187. 

121. 

146. 

171. 

197. 

127. 

153. 

180. 

207. 

133. 

161. 

188. 

217. 

139. 

168. 

196. 

227. 

14.5. 

175. 

206. 

236. 

152. 

im. 

214. 

246. 

158. 

190. 

223. 

156. 

164. 

19H. 

331. 

^66. 

170. 

205. 

240. 

276. 

176. 

212. 

249. 

286. 

182. 

220. 

257. 

295. 

188. 

227. 

266. 

305. 

195. 

234. 

275. 

31,5. 

201. 

342. 

283. 

325. 

207. 

249. 

292. 

335. 

213. 

2.57. 

300. 

345. 

219. 

264. 

.'jog. 

354. 

225. 

271. 

318. 

364. 

282. 

315. 

370. 

42:{. 

298. 

359. 

422. 

482. 

23.5 
26.S 
29.1 

31 
34.6 

87.4 
40.1 
42.9 
46.7 
48.4 
51.2 
54.0 
66.7 
69.5 
62.3 
65.0 
67.8 
70.6 
73.3 
76.1 
78.9 
84.4 


311. 
323. 
334. 
345. 
356. 
367. 
378. 
.'189. 
400. 
411. 
478. 
544. 
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eobic  foot.  For  cast  iron,  deduct  J^  part ;  for  steel,  add  ^ ;  for  copper,  add 
^;  for  cast  brass,  add  yff;  for  lead,  add  >^}  for  sine,  deduct  -f-^. 
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M.IT 

^H 

1.849 

3.698 

5.547 

7.396 

9.245 

11.09 

12.94 

14.79 

18.49 

22.18 

26.88 

39.68 

». 

1.875 

3.750 

5.625 

7.500 

9.375 

11.26 

13.12 

15.00 

18.75 

22.50 

26.24 

90.00 

M 

1.901 

3.802 

5.703 

7.604 

9.506 

11.41 

13.31 

16.21 

19,00 

22.81 

26.62 

50.43 

^ 

1.927 

3.854 

5.781 

7.708 

9.635 

11.56 

13.49 

15.42 

19.27 

2S.12 

26.98 

90.88 

H 

1.953 

3.906 

5.M39 

7.812 

9.766 

11.72 

1.^67 

15.62 

19.53 

23.44 

27.34 

31.25 

H 

1.979 

3.968 

.5.937 

7.916 

9.895 

11.87 

13.85 

1584 

19.79 

23.74 

27.70 

31.67 

H 

2.005 

4.010 

6.015 

8.021 

10.02 

12.03 

14.04 

16.04 

20,04 

24.06 

28.08 

32.08 

H 

2.031 

4.062 

6.093 

8.126 

10.16 

12.18 

14.21 

16.25 

20.32 

24.36 

28.42 

52.60 

„  H 

2.057 

4.114 

6.171 

8.229 

10.29 

12.34 

14.40 

16,46 

20.58 

24.68 

28.80 

32.93 

0. 

2.083 

4.166 

6.250 

8..^33 

10.41 

12.60 

14.58 

16.66 

20.82 

25.00 

29,16 

33,33 

H 

2.109 

4.219 

6.327 

8.438 

10.55 

12.65 

14.76 

16.87 

21.10 

25.30 

29.62 

33.75 

M 

2.135 

4.270 

6.405 

8.541 

10.67 

12.81 

14.94 

17.08 

21,34       26.62    [ 

29.88 

34.  IT 
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Welipbt  of  1  ft  in  leav^  of  FI.AT  ROI.I.ED  IMOH,  at  4SO 
per  eoble  foot--(Ck>ntintied.) 


Ibf 


W3 

TBIOKKWMB  IK  UXOBMB, 

i.ie 

H 

816 

H. 

6.16 

H 

716 

H 

H 

H 

H 

1 

ION 

S.162 

4.828 

6.486 

8.816 

10.81 

12.97 

16.18 

I7.aj 

91.62 

26.94 

80.26 

84.68 

S.188 

4.S16 

6.564 

'    8.7tO 

10J94 

18.18 

16.31 

17.50 

21.88 

28.26 

80.62 

86.00 

g 

S.2U 

4.437 

6.643 

8.8M 

ujn 

18.88 

16.60 

17.71 

22.14 

26.56 

81.00 

86.42 

1.3S9 

4.479 

6.717 

8.9(8 

11.20 

18.48 

16.67 

17.92 

23.40 

26.86 

31.84 

8&88 

y^ 

s.Me 

4.6S1 

6.796 

9.062 

11.S8 

18.89 

16.86 

18.12 

22.66 

27.18 

81.72 

86.26 

U. 

3.291 

4.583 

6.87S 

9.168 

11.46 

18.76 

16.04 

18.38 

22.90 

27.60 

32.06 

»z 

H 

S.S18 

4.886 

6.964 

9.trt 

11.69 

18.91 

16.22 

18.54 

28.18 

17.82 

82.44 

I.S44 

4.688 

7.082 

9.878 

11.72 

14.06 

16.40 

18.76 

23.44 

28.12 

82.80 

87.M 

».i70 

4.740 

7.110 

9.479 

11.86 

14.22 

16.69 

18.96 

23.70 

28.44 

88.18 

87.91 

1^ 

%8N 

4.791 

7.188 

9.682 

11.97 

14.37 

16.76 

19.16 

23.94 

28.74 

88.62 

88.88 

K 

t.4S2 

4.844 

7.286 

9.688 

12.11 

14.58 

18.96 

19.87 

24.22 

29.08 

88.90 

88.76 

l< 

2.448 

4.8M 

7.S44 

9.793 

12.24 

14.88 

17.18 

19.68 

24.48 

29.86 

84.28 

a».N 

j^ 

2.474 

4.iH8 

7.429 

9J08 

12.87 

14.84 

11^2 

19.79 

24.74 

»,m 

84^84 

89.68 

11. 

%M» 

6.000 

7.S0O 

10.00 

13.60 

16.88 

17.60 

10.00 

26.00 

10.00 

86.00 

40w«l 

Weiylit  off  Wroayht  Iron  ami  Steel. 

Assamlnar  485  lbs.  per  eab  ft,*  speciflo  grarity,  7.76 ;  a  eobio  inch 
weighs  0J28067  lbs ;  and  a  poaud  contains  8.5629  cubic  inches. 


Table,  paye  875 :    D  =  thickness  or  diameter,  in  inches. 
Wt.  of  plate,  1  ft  square,  in  lbs,  »  40.4167  D ;        Log  W  »  1.606  6605  + 


LogD 
„,  .  ,         .,  .      LogD 

bar,  1  ft  long,  in  lbs,  =   2.64527  D« ;     Log  W  =  M22  4698  +  2  Log  D 
ball,  in  tw,  »   0.146960  It»',  Log  W  »  1.167  1966  +  8  Log  B 


sq  bar,  1  ft  long,  in  lbs,  =-   3.86806  D« ;     Log  W  =  0.627  8792  +  2  Log  D 
ra  ^      '  "  '        •    '  ,      ,-      «  —  —  ...  -      - 


q9he] 


elfht  off  a     _  /weight  of  ball  having >  _  /weight  of  ball  baring 
eneal  ■hell  *"  (  outer  diameter  of  sheO  j        ( inner  diameter  of  sbell. 


Welgrhte  off  equal  i 


For  lead,        at  700  lbs  per  cub  ft;  weight  =:=  1. 
~  ,  ••  650  ••    ••  "  "        =.  1.13 


For  copper, 
For  brass. 
For  tia. 
For  sine  or 
east  Iron, 


44 


'  600 
'  460 

'450 


X 
X 
=  1.03    X 
»  0.948  X 

=  0.928  X 


weight 

wrought 
iron 


♦Very  pure  soft  wrought  iron  weighs  from  488  to  492  lbs  per  cubic  foot ;  average 
rolled  iron  about  480.  At  480  fiw,  a  bar  1  inch  square  weighs  exactly  10  lbs  per 
yard  »>  8^  lbs  per  foot 
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8HEET-IBOK. 


Welcbto  per  sqiiare  foot  of  nlTanlsed  sheet  Iron. 

adopted  Dy  the  AmenoMi  GalTsniMa  Iron  Am'd,  at  Pittilmrgh,  Aprils  1884. 


Standard  lial 


V*. 

OanoM 

Bqft 

Jfo. 

OUMM 

Bqft 

Ho. 

OUMM 

Bqft 

•Totr 
peraqft 

tJSiu, 

•Toir 
pwaqft. 

St£»«. 

•Toir 
per«ift. 

nSSi^ 

29 

12 

2987 

24 

17 

2108 

19 

88 

1086 

S8 

18 

2767 

28 

19 

1886 

18 

88 

948 

27 

14 

2660 

22 

21 

1706 

17 

48 

888 

26 

16 

2889 

21 

24 

1493 

10 

48 

740 

26 

18 

2240 

20 

28 

1280 

14 

60 

697 

Tlie 


im  ■imply  a  thin  fllm  of  xtne  on  both  aides  of  the 

what  !■  known  m  "  tinned  pUtM,"  or  "  tin ; "  whioh  art  in  roality  sheot  iron  Bimilarly 


«!■  Known  ■■-- Huueu  iiWMW,     wr  —  mi ,       wur , ^ 

•DM«d  witb  tin.  Zino,  like  tin,  resiatt  eorroeion  trftm  ordinary  ataiMpberie  inflneneee,  moeli  better 
than  iron ;  and  henee  the  nae  of  tliese  netala  aa  a  protection  to  tlM  iron.  A  well  galTaniied  roof, 
•r  a  good  piteh,  will  taflbr  but  little  from  6  to  6  years'  ezpoaare  withoat  being  painted.    It  will  ^"^  ~ 


take  paint  readily,  and  should  be  painted.    It  is  better,  bowerer,  always  to  paint  tin  ones  at  o 

_    :    '    '  'i  adhere         "'  '  .  "     . 

reaaon  why  new  galTaniaed  roofb  are  not  painted ;  bat  this  may  be  remedied  by  Urst  bmshinf  t 


Paint  does  not  i 


iiere  well  to  ue^ 


iw  Ane^  and  this  is  the  principal 
Js  may  be  remedied  by  Urst  bmshing  the 


sides  in  the  shop ;  and  the  ether  after  being  pat  on  the  roof.  Repaiatlag  every  So 
afterward,    nngalranised  iron  (called  black  moM ,  for  distlnetion)  is  also  rery  endaring  for  roofk,  if 
~"    ^*  *   * '   ilTanixed  roofing  is  that  it  dees  not  require 


4  years  will 
;aring  for  ro 


line  orer  with  the  following :  One  part  of  chloride  of  eopper,  1  iMurt  nitrate  of  copper,  1  part  of  sal- 
ammoniac.  Diss<riTe  in  M  parts  of  water.  Then  add  1  part  of  eommereial  hydrochloric  add.  When 
brushed  with  this  solntion,  the  sine  tarns  black ;  dries  within  IS  to  S4  hoars,  and  may  then  be  painted. 
Paint  of  some  mineral  oxide  of  a  brown  eolor  ia  generally  need;  one  coat  being  applied  to  both 

*.  RepaiattagererySoriy  " 

Unction)  ia 

well  painted  CTwry  1  or.S  years.  The  chief  advantsigeef  galTanixed  roofing  i    

painting  ao  often  as  the  black.  The  galvanising  adds  aboat  ^  of  a  lb  per  square  foot  of  sarfaee,  or 
about  M  lb  per  sq  ft  of  sheet  as  coated  on  both  sides ;  witlioat  regard  to  the  thickness  of  the  sheet. 
Paint  for  roofs  shoald  not  hare  much  dnrar.    See  Painting. 

Tlie  snlpliaroas  ftamee  fnnu  eoal  are  Tery  eorroslve  of 

■irHBB  •ALTAVisBD  OB  BLACK  iBON ;  Bs  may  be  seen  in  shops,  railroad  bridges,  or  engine  houses, 
roofed  with  sither ;  if  effloient  means  are  not  prorided  for  canying  otT  the  smoke  i  and  the  same  with 
ether  metals.    Tbb  aoid  or  oak  raoBK  ia  said  to  destroy  the  line  of  galTaaised  iron. 

Plat  iron  is  usually  nailed  upon  a  sheeting  of  boards;  but  the  strength  of  oormgated  iroo 
•briates  the  necessity  for  this,  and  enables  it  to  stretch  6  or  6  ft  fh>m  purlin  to  purlin,  without  inter* 
mediate  support.  The  corrugated  sheets  are  rlreted  together  on  the  roof,  by  rirets  of  galranised 
wire  about  one-eighth  inch  thick,  800  to  a  pound,  well  driTen  (ao  aa  to  exclude  rain)  8  or  4  isohea 
apart,  all  around  the  edgea.  The  riret-holea  are  flrat  punched  by  machinery,  ao  aa  to  insure  eoinei- 
dence  in  the  MTcral  sheets ;  and  the  rireu  are  driven  by  two  men,  one  abore,  and  one  beneath  the 
roof.  Per  black  iron,  nngalranised  nails,  boiled  in  linseed  oil  as  a  partial  presenratiTe  from  mat,  are 
oemmonly  used;  as  also  in  thingling  or  slating.  Oalranised  ones,  however,  would  be  better  In  all 
these  oases;  or  eren  copper  ones  for  slating  becauae  good  alate  endurea  much  longer  than  eltr  ^ 
shingles  or  iron,  and  therefore  it  becomea  true  economy  to  use  durable  metala  for  nstening  it. 
none  of  tbeae  cases,  however,  are  the  nails  fully  exposed  to  the  weather. 


except  that  inasmuch  as  these  are  net  aolderedin  the  iron  aheeta,  the  J<rtnt  11 

about  Htol  inch  wide,  instead  of  H  inob,  the  better  to  provide  ag^at  leakins. 
(Jleata  are  uaed  as  in  tin,  with  3  naila  to  a  cleat.  The  iron  platea  are  best  laid  on 
aheeting  boarda ;  but  in  aheds,  Ac,  are  sometimes  laid  directly  on  rafters,  not  more 


than  about  18  ins  apart  in  the  clear ;  the  plates  being  allowed  to  sag  a  little  between 
...  .         .  ...        "jobevf ' 

denaation  of  atmospheric  moisture ;  which  falls  from  the  iron  in  drops  like  run,  and  may  do  iojurj 


the  rafters,  so  as  to  form  shallow  gutters.    In  such  cases  it  is  well  to  bevel  off  the  tops  of  the  rafters 
diffhtly,  as  in  this  flg. 

A  Berioas  objeetlon  to  iron  as  a  roof  coTeringr,  is  its  rapid  oon- 


to  ceilings,  floors,  or  articles  in  the  apartments  immediately  beneath  the  roof.    Painting  does  not 
appreeiMly  diminish  this ;  it  may,  however,  be  obviated  by  plastering. 

Corrngpated  sheet  iron.  The  size  of  sheets  generally  need  for  corragating, 
is  80  inches  wide  by  98  ikches  long.  Oorrugation  rednoee  the  width  to  VtH  inches.  When  the  oor> 
rugated  sheets  are  laid  upon  the  roof,  the  overlapping  of  about  2H  inches  along  the  sides,  and  of  4 
inehee  along  their  ends,  diminishes  the  area  of  roof  eovered  by  asheet,  to  about  seven-eighths  of  thaS 
of  the  entire  corrugated  sheet  itself;  or,  the  weight  per  square  foot  of  roof  covered,  will  be  about 
one-seventh  greater  than  that  per  square  foot  of  the  eorrugated  aheet;  or,  the  weight  of  oormgated 
iron  per  aquare  foot  of  roof  covered  ia  about  one- fifth  greater  than  that  of  the  flat  aheeta  f^om  which 
it  ia  made. 

About  6  incbea  are  usually  allowed  for  the  extenaion  over  the  eavea. 

The  weigbta  per  aquare  foot  eorreaponding  to  the  diflbrent  numbera  of  the  Birmingham  wire  gance, 
vary  somewhat  with  the  diffprent  makera.  The  two  atylea  of  oorrugation  given  in  the  table  Mow, 
tT\}i  and  3)^  X  K>  »re  those  most  frequently  uaed. 
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No. 
Bmghm 
wirega. 

Thtek- 
■Mi 

in  ins. 

Wt  in  fts  per 
8q  ft  of  sheets. 

Wt  in  lbs  per 
sq  ft  of  roof. 

Blmok 
20 
22 
24 
26 

Black 
.085 
.U28 
.022 
.018 

Black 
1.84 
1.50 
1.20 
1.00 

Lead  cot'd 
or  galv'd 

2. 

1.6 

1.25 

1.12 

Black 
2.12 
1.73 
1.38 
1.15 

Leadcot'd 
or  galT'd 

2.8 

1.84 

1.44 

1.29 

Btrenffth  of  Corrayated  Iron.    Experimento  by  tlie  aathor« 

Fliwt.    A  slie«t  d  <i,  or  Ho.  16  iron* 

(about^  inch  thick,)  27  ins  vide,  by  4  ft  long, 
with  five  complete  corrugations  of  6  ins  by  1  inch, 
was  laid  on  supports  3  ft  9  ins  apart.  A  block  of 
wood  c,  9  ins  wide,  by  7  ins  thick,  and  30  ins  long, 
was  placed  across  the  center,  and  {gradually  loaded 
with  castings  weighing  1600  lbs. 

Tbia  oauaed  a  defleetion  at  the  oeater  of  precisely  H  aa 
Inoh.  On  the  remoTal  of  the  load  after  an  hour,  so  perma- 
■ent  Bet  waa  appreeiable.  The  MTerltj  of  the  test  waa  pvr> 
poeelj  iDoreaaed  by  applytng  the  aeTeral  eaatinga  Teiy 
reogbly,  joltlaf  the  whole  aa  mneh  aa  poaaible.*  The  aas> 
peuded  area  of  the  alKet  waa  8.44  aq  ft ;  and  ilnoe  the  aetoal  0 

lent  10  8000  Iba  «f«*a«|y  dtttrikuUd,  it  aoioHnu  to  ???=365  »a  per  aq  ft  dUtributed.    But  3000  lbs 


8.44 


distributed  would  prodvoo  a  deaeetlea  of  but  aboat  fall  M  of  an  Inoh.  Agala,  355  t>s  per  ai|  ft 
la  about  4  ttniea  the  welcbt  of  the  greatest  orowd  that  oould  well  oongregate  upon  a  floor.  Conse- 
quently this  Ironi  at  3'  9''  spaut  is  aafe  In  praetios  for  any  ordinary  orowd.  MoraoTor,  such  a  crowd 
would  prodooe  a  oenter  defleetion  of  only  tfie  ^th  part  of  ^  of  an  ihcb ;  or  -^  of  aa  inoh ;  or  j^ 
of  ths  slear  ipaa  |  whieh  in  bat  two-tUrdi  of  Trsdgold'i  limit  of  -x^  of  ths  spaa. 

la  one  OKperiment  tbe  ends  of  the  sbeeu  reMed  open  supports  dressed  so  ha  to  present  ondalallens 
oorrespondlng  tolerably  olosely  with  tbe  shape  of  tbe  cormgationB;  but  in  the  other  tbe  luppwta 
were  flat,  and  each  end  of  the  sheet  rested  oulj  npon  the  lowtr  points  of  the  oorrofatlons.  iTo  ap> 
preoiablS  difSsrence  was  obserTed  in  tbe  results. 

Second.  An  areli  of  91  o.  IS  (^ 
inch)  Iron,  oorrugated  like  the  foregoing^ 
but  the  depth  of  corrugation  Increased  to 
l\i  ias  by  the  process  or  arching  the  sheet ; 
clear  spaua  6  ft  1  Inch ;  rise  10  ins ;  breadth  27 
ins,  (of  which,  however,  only  25  ins  bore 
against  the  abutments.) 

Each  foot  o  of  the  arch  abutted  upon  a  easting  J, 
the  inner  portion  <  of  whioh  was  oadnlated  on  top.  to 
oorrespona  with  the  corrugations  of  the  arch,  which 
rested  upon  it.  At  y,  (ooe-fourth  of  tbe  span,)  two 
wooden  blooks  were  placed,  occupying  a  width  of  9 
laehes,  and  extending  aeross  the  arch ;  on  them  was 
piled  a  load.  I,  of  oastings,  to  the  extent  of  4480  lbs. 
or  S  tons.  Under  this  load  the  arch  descended  about 
half  an  inoh  at  y,  becoming  flatter  on  that  side  and 
sUghtly  aiore  ourred  upward  along  the  unloaded  side  \ 


tf 


—  Mil      I      '^HJL 


Two  niniilHr  blocks  were  then  placed  at  », 


and  two  tons  of  load,  t,  were  piled  upon  them,  iq  addition  to  the  2  tons  at  { ;  making  a  total  of  BWO 
lbs,  or  4  tons.    This  brought  the  arch  more  neartv  baolt  to  its      '  '  * 


straightened  at  both  n  and  y,  and  a  little  : 
lOOOO  As,  and  left  standing  for  aoTeral  days. 


iginal  shape;  but  still  slightly 
curved  in  the  center.  Tbe  load  waa  tbeo  increased  to 
Two  iron  ties,  each  Hi  by  1?^,  which  were  used  for  pre- 


venting the  abutment  castings  J  from  spreading,  were  found  to  have  stretched  nearly  %  of  an  inch. 
Additional  ones  were  Inserted,  and  the  load  Increased  to  a  total  of  6  tons,  or  13440  Ibn ;  parts  of  It  on 
s  and  I,  and  part  in  the  shape  of  loag  broad  bars  of  iron  at  tbe  oenter  of  the  arch,  below  the  loads  « 
and  I,  and  between  n  and  y.  So  far  m»  could  be  Judged  by  eye,  tbe  <>hape  of  tbe  arch  was  now  almoRt 
perfsot.  Tke  loads  s  an<f  1  did  not  touch  eacA  oth^r.  After  stacrling  more  than  a  week,  the  load 
was  aocidentally  overturned,  crlpplinK  the  arch.     The  load  wa«  e>)iiaf  to  about  lOOO  Ths  per  sq  ft  of 

the  arch.  Such  arches  have  since  come  into  common  use  instr^ad  of  brick,  for 
fireproof  floors. 

Curved  roofii  of  25  to  30  ft  span,  rising  about  ^^  span,  may  be  i 
of  ordinary  corrugated  iron  of  Nos  16  to  1.^.  riveted  as  usual ;  and  having  no  t 
florieg except  tie-rode  a  few  feet  apart ;  continuous  angle-iron  skawbadu ;  and  tliin 
TUtical  rods  to  prevent  the  ties  from  sagging. 

•  Without  letting  the  deflection  exceed  H  inch ;  which  was  prevented  ^i^@Ff^|^l^^  shoal. 
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IBON  PIPES,  TUBES  AND  FITTINGS. 


Welded  wrouffbt-lron  ptpes,  for  steam,  gas,  and  water.    Usnmllj  in 
lengths  of  about  18  feet.    Standard  sizes. 


Inner  Diam. 

.J 

*^  bK 

•4- 

Inner  Diam. 

.J 

u  ti 

+- 

i 

^1 

If 

1- 

a 

•g 

11 

s 

• 

1 

•3 
1 

« 
a 

•3* 
1 

Ins. 

Ins. 

Ins. 

lbs. 

s 

Ins. 

Ins.  1  Ins. 

fi>S. 

$ 

1^ 

0.270 

0.068 

0.24 

27 

0.055 

3U 

3.548'  0.226 

9.00 

8 

0.95 

74 

0.364 

0.088 

0.42 

18 

4* 

4.026  0.237 

10.66 

1.08 

TV 

0.494 

0.091 

0.56 

(( 

<i 

4,Vi 

4.5081  0.246 

12.49 

1.30 

/^ 

0.623 

0.109 

0.84 

14 

0.085 

5 

5.045  0.259 

14.50 

1.45 

0.824 

0.113 

1.12 

«i 

0.115 

6 

6.065  0.280 

18.76 

1.88 

1 

1.048 

0.134 

1.67 

11.5 

0.165 

7 

7.023  0.301 

23.27 

2.35 

1.380 

0.140 

2.24 

0.225 

8 

7.982  0.322 

28.18 

2.82 

1.611 

0.145 

2.68 

<i 

0.27 

9 

9.001  0.844 

33.70 

8.40 

2  '' 

2.067 

0.154 

3.61 

'« 

0.36 

10 

10.019  0.366 

40.00 

4.25 

2^ 

2.468  0.204 

6.74 

8 

0.575 

11 

11.000  0.375 

45.00 

4.75 

8 

3.067J  0.217 

7.54 

0.755 

12 

12.000  0.375 

49.00 

5.20 

Fittingrs  for  Wroatrlit-lron  Pipes.  1,  Elbow.  2,  Service  Elbow. 
8,  Elbow  with  side  outlet.  4,  Reducing  T.  5,  T.  6,  Reducing  Cross.  7,  Reduc- 
ing Coupling  or  Socket.  8,  Return  Bend  with  nide  outlet.  9,  Return  Bend  with 
back  outlet.    10,  Cross.    11,  Flange  Union.    12,  oval  Flange.    13,  Plug. 


I«ap*welded  ebareoAl-lron  lM>ller  tubes.  In  lengths  np  to  20  ft. 


« 

Nora 

1^ 

« 

Nom 

1? 

u*: 

Nom 

1^ 

5^ 

Thick- 

Wt. 

^^ 

Thick- 

Wt. 

?S 

Thick- 

Wt. 

ii 

ness. 

per 
ft. 

8i 

ness. 

TJ 

^  e. 

OS 

uess. 

^J 

B 

B 

B 

Ins. 

Ins. 

WG 

lbs. 

$ 

ins. 

Ins.  WG 

lbs. 

8 

Ins. 

Ins. 

WG 

Ibe. 

$ 

1 

0.95 

18 

0.90 

0.80 

3 

0.109    12 

8.33 

0.35 

8 

0.165 

8 

18.65 

1.60 

1V4 

« 

1.15 

0.28 

8i4 

0.120 

11 

3.96;  0.40 

9 

0.180 

16.76 

1.70 

IH 

tt 

1.40 

0.27 

«H 

*♦ 

*♦ 

4.28    0.44 

10 

0.203 

21.00 

2.10 

1% 

** 

1.66 

0.22 

^74 

'• 

*t 

4.60J  0.50 

11 

0.220 

25.00 

2.50 

2 

I* 

1.91 

0.20 

4 

0.134 

10 

6.47    0.55 

12 

0.229 

4*4 

28.50 

2.90 

2J>i 

" 

2.16 

0.24 

^Vn 

<< 

'• 

6.17    0.62 

13 

0.238 

32.06 

8.20 

2?! 

0.109 

12 

2.75 

0  28 

5 

0.148     9 

7.58    0.75 

14 

0.248 

«H 

36.00 

a65 

«^     it 

«t 

8.04 

0.34 

6 

0.165     8  |10.16|  IM 

15 

0.269 

8 

40.60  4.10 

7 

♦'        "    11.90j  1.20 

16  j0.270 

'^'A 

45.20  4.60 

A-  ^ji  yipes  give  the  '*  nominal "  iimert  for  boiler  iubtt  the  outer  diam.  See  p  526. 
^  For  discounts,  see  price  list. 
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Screw  Tlireadfli,  Bolts,  Hats,  and  WAShers. 

Screw  threads,  a  =  angle  between  two  sides  of  a 
thread ;  P  <=  pitch ;  w  —  width  of  dat  top  or  bottom  of 
each  thread;  all  measured  in  a  pliute  containing  the 
axis  of  the  screw;  N  —  number  of  threads  per  inch,  == 
l/V.  In  the  Sellers  or  Franklin  tnstltnte 
Standard,  proposed  by  Mr.  William  Sellers  and 
adopted  by  the  Institute  in  1864,  a  =  6(^;S  =  P;ir  =  c 
=  P/8 ;  F  =  0.75  P ;  AI  =  P  cos  a/2  =  0.8660  P ;  D  (diam- 
eter) =  d  +  2  X  0.866  X  0.75  P  =  d  +  1.299  P.  Under  the 
name  of  United  States  Standard,  the  U.  6.  Navy 
I>epartment  in  1868  adopted  the  Sellers  system,  except 
for  finisTied  heads  and  nuts,  which  it  made  the  same  as 
for  rough  beads  and  nuts. 


D 

Ina 

d 

ins 

w 

ins 

jr 

D 

d 

ins 

lus 

K 

1> 

Ids 

d 

ins 

w 

ins 

nr 

U 

ins 

d 

ins 

W 

ins 

nr 

M 

.185 

XI062 

20 

1 

.837 

.0150! 8 

2 

1.712 

.0277 

4U 
4U 

4 

3.567,. 0413 

3 

6-16 

,241) 

.0074:  18 

^)4 

.940 

.0178;  7 

2% 

1.962 

.0277 

4^ 

3.798'  .0435 

2J£ 

% 

.294 

.0078!  16 

^H 

1.065 

.0178  7 

2.176 

.0312 

4 

^i 

4.028  .0454 

2M 

7-16 

.S44  .00891  14 

v^ 

1.160 

.02081  6 

2.426 

.0312 

4 

4.256,  .0476 

2^2 

H 

.400  (.0096!  V^ 

^H 

1.284 

.02081  6 

3 

2.629 

.0357 

1 

5 

4.480 1 .0500 

2I2 

9-16 

.454!  .0104  12 

1^ 

1.889 

,0227:  5U 

ti 

"74 

2.879 

.0357 

5»4 

4.7301  .0500 

2yh 

% 

.507,.01i;tin 

i*5i 

1.491  .0250*5 

3.100 

.0384 

^72 

4.953 1 .0526 

2% 

% 

.620  .01251  10 

lj2 

1.616  .0250  5 

3.317 

.0413 

3 

5% 

5.203  .0526  1% 

.731  .0138'    9 

,      1 

6 

5.423  .05-55  2% 

Dimensions  of  Heads  and  Nnts. 


in  head) 
ianut) 


Rongrh. 

J)  +  1/^  inch. 


Finished. 

\]4D  +  1-16  inch. 
D  — 1-16  inch. 


FiffS.S 


In  the  Wbf  tworth  (English)  standard  thread,  the  angle  a,  Rg  1,  is  fXP. 
The  tops  and  bottoms  of  the  threads  are  rounded,  instead  of  flat  as  in  the  Ameri- 
can standards.  The  number  (N)  of  threads  per  inch  is  the  same  as  above  for 
diams  of  bolt  up  to  three  ins,  except  for  D  =  >^  inch ;  where  N  --=»  12. 

In  the  International  metric  screw  tbread,  adopted  at  Zurich, 
October,  1898,  the  Sellers  thread  profile  is  used.  The  dimensions  are  as  follows, 
all  iu  millimeters : 


Q.le 


Diam.te78  9  1011    12    14  161820  222427  30  33 36 39  4245 48i52  56  6064  68  72  76  80 


Pitch  |l.01.25l  1.5    1.75,'  2.0       2.5     I  3.0     3.5  |  4.0     4.5     5.0     5.5     6.0     6.5     7.0 


Intermediate  diameters  are  to  be  of  an  integral  number  of  millimeters,  and 
of  the  same  pitch  as  the  next  smaller  diameter  in  the  table.  Thus,  for  diam  65 
or  69  mm  ;  pitch  =  6.0  mm. 

Plate-iron  washers.  Standard  sizes.  Diameters  of  washers  and  bolt- 
holes  in  inches.  Approximate  thickness  by  Birmingham  wire  gauge.  Approxi- 
mate number  in  one  lb. 


Diams. 

Ths. 

No. 

Diams. 

Ths. 

No. 

Diams. 

Ths. 

No. 

i 

K 

18 

450 

IK 

s-r? 

14 

43 

2M 

15-16 

9 

8.6 

5-16 

16 

210 

\% 

12 

26 

2^ 

11-16 

9 

6.2 

5-16 

16 

139 

5^ 

%  1  12 

11-16  1    10 

22.5 

2^^ 

IM 

9 

5.2 

tT? 

16 

112 

13.1 

3 

1% 

9 

4. 

1 

14 

68 

2 

13-16      10 

10.1 

„^^J.l:rho^i? 

2.8 
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MMraUj  raU  Iqr  brMkisf 
e  the  aiametet  IK  dcereMaf 


A  t^uarfl  be»i  and  nat  togetiMT,  weigh  atwaiu  aBoehM  a  teaath  «f  the  bOU  •q«al  l»  T  or  8  ttatt 
D.    Beatagon,  6  or  7. 

With  the  above  dimensiona  a  bolt  will 
off  between  the  head  and  the  not,  where! 

by  cTittlng  the  t1 — fid,  rn^hfT  tban  try  ntriprflnj?  off  \t% 
The  <liatii  1;'  ui  ila-  llirt'ail'inuBt  «*!'  course  he  greatwr 
ttiau  ttjiit  ryquirfc.1  W  ^^^it.  "^itly  the  propt.stid  teusile  straiu,  by  an  amoVBt 
equal  to  twi<x  tbe  deptb  of  the  thread.  The  waite  of  iron,  which  woald 
result  from  maktog  the  entire  bolt  of  this  greater  dlam,  is  freqaeattar 
avoided  by  mailing  the  bolt  from  a  bar  of  only  suffloienfe  dimeDstons  to  birfur 
the  Btrain  safely,  and  upsetting^  its  ends  an  In  Fig  8, 
thus  increaaiog  their  diam  sufficiently  to  allow  for  the  cnitiug  of  tb» 
threads. 

In  oarpentry,  as  well  as  in  ties  for  masonry,  vituhen,  w  w,  nf  either  eaa« 
or  wrought  iron,  are  placed  between  the  timber,  or  atone,  and  the  head 
and  nut;  Id  order  to  distribute  the  pressure  over  a  greater  surfaoe,  aid 
thus  prevent  oruHhing;  especiaily  in  limber. 

IrVtien  much  strnlned  against  wood,  the  side 

of  a  aqaare  wroughMron  washer;  or  the  diam  w  w  of  a  circular  one,  should  not  be  less  than  4  dlams 
0f  the  aerew,  aa  In  tbe  flg ;  and  its  thickness,  r  w,  H  diam  at  least. 

Two  ineh  aqQare  was  hern  wiil  together  weigh  as  much  as  18  diam*  in       f"^ 
length  of  a  round  rod  of  tbe  same  diam  as  the  screw.     Two  round      I 
waahen  will  weigh  together  as  much  as  14  dlams  of  rod  of  same  diam      ^"~ 
as  lOTew.    In  either  case,  a  square  head  and  nut  will  weigh  aa  much 
as  6  diameters.    Gait- iron   washers,  being  more  apt  to  split  under 
heary  straiast  may  be  made  about  twice  as  thick  as  wrought  ones. 
When  the  strain  is  very  great,  the  diam  of  the  washer  may  b«  5  or 
6  times  that  of  the  screw;  and  its  thickness  equal  to  diam;  but  4 
dtams  will  snffloe  for  most  practical  purposei*.  or  even  2.6  when  there 
is  but  little  straio,  and  the  tbickQexs  may  then  be  but  .1  or  ,2  diam  of 
bolt. 

Table  of   maeblne   and    liar  bolto,  with 

square  and  hexagon  heads  and  nuts,  Figs  4  and  i ;    anade  by  Boopes 

&  Town^end,  1330  Button  wood  St,  Phi  la.  All  their  boIUl  t»  j  «u  « 
are  cat  with  V.  S.  Standard  threads,  as  rig.^  Fl|r.& 
per  first  table  on  p  883,  unless  otherwise  ordered.   Discounts,  see  price  list. 


IS 

Leogth, ins 
exclusive  of  head. 

Weight,  lbs  of 
100  bolts. 

List  price,! per  100. 

Min. 

Max. 

Min. 

Maq^. 

Min. 

Max. 

1^6 

1 

t* 

« 

2 

<« 

8 
12 

20 

•< 

24 

« 

8.9     - 

6.2 

9.7 
14.7 
20.4 
28 
87 
68 
97.7 
145.0 

13.2 
20.3 
43.5 
68.3 
122.0 
151.0 
224.0 
830.0 
470.0 
625.0 

1.70 
2.00 
2.40 
2.80 
8.60 
6.20 
« 

7.20 

11.20 

.  16.00 

2.74 
8.66 
6.76 
7.00 
18.22 
19.26 
22.80 
29.70 
42.00 
66.60 

Expansion  holts,  for  fasteninsr  plates,  timbers, 
etc.  r  to  walls  of  brick  or  masonry.  The  wedge-shaped 
nut,  traveling  up  the  tx)lt,  as  the  latter  is  turned, 

f tresses  the  wings  against  the  sides  of  the  hole,  which, 
n  practice,  is  drilled  Just  large  enough  to  admit  the 
nut  and  wings,  so  as  to  prevent  the  fonner  ftpom  turn- 
ing with  the  bolt.  If  the  hole  is  made  larger,  m 
shown,  the  nut  must  be  held  by  a  small  wedge. 
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Ij««|Kmillt  WMdhWk  Whfn  bolto  are  •uMteted  to  raueh 
rough  jolting,  as  at  rail-joints,  &c,  the  nuis  are  liable  to  wear  loose, 
CMMt  uugorew  thenueioes.    On  railroads  this  is  a  source  of  great 


anaoyauoe,  and  innumerable  dsTices  for  preventinff  it  have  been 
tried.    The  ITerona  lock-nut  washer  *  is  a  simple  circular  washer 

made  of  steel;  with  a  slit  s  .?  cut  through  it,  leaving  sharp  edges. 

On  oue  side,  a,  of  the  slit,  the  metal  is  pressed  upward  ai>out  ^^ 

inch  ;  and  that  on  the  other  side,  c,  downward,  the  same  distance ; 

so  that  a  perspective  view  would  be  somewhat  as  at  ^     Now,  when 

the  nut  is  screwed  dowu  over  the  washer,  iu  the  direction  of  the 

arrow,  the  slit  otters  no  obstruction ;    but  if  tlie  nut  afterward 

tends  to  uuscrew  itseif.  the  sharp  upper  edge  of  the  slit,  along  a,  presents  friction 

against  the  bottom  of  the  nut,  which  tends  to  hold  it  in  place.    Besides,  the 

washer,  by  its  elasticity,  tends  to  resume  its  original  shape,  and  thus  presses  the 

threads  of  the  nut  ngainst  those  of  the  bolt;  and  the  additional  friction  thus 

produced  also  aids  iu  holding  the  nut. 

Another  lock-iuit  washer  consists  of  a  long  strip  of  steel,  with  ttto  holes,  each 
of  which  has  its  edges  formed  like  tliose  of  a  Verona  washer,  and  through  each 
of  which  passes  one  of  the  bolts  of  the  rail-joint. 

Another  device  is  to  cut,  at  the  eud  of  the  screw,  a  few  threads  of  a  screw  of 
loss  diameter  than  the  main  oue,  and  iu  the  opposite  direction.  The  nut  is  then 
wrewed  upon  the  larger  diameter;  and  after  it  the  lock-nut  is  screwed  in  the 
other  direction  upon  thesmaller  diam,  until  it  comes  into  contact  with  the  main 
nut.  In  the  Smitli  lock-nut  bolt,  this  second  nut  is  only  about  %  inch  thick ; 
and  after  being  driven  home,  one  of  its  corners  is  bent  over  the  edge  of  the 
main  nut. 

The  At  wood  loet-nuts  take  advantage  of  elasticity  in  the  nut  itself,  which 
is  obtained  either  by  slitting  the  nut,  or  by  reducing  its  thickness  near  the 
bolt  hole. 

Jt  is  claimed  that  if  the  threads  of  an  ordinary  bolt  and  nut  are  carefully  cut, 
so  as  to  be  in  contact  with  each  other  throughout,  no  lock-nut  contrivance  is 
necessary,  because  the  friction  between  the  two  threads  is  distributed  over  a 
larger  surface,  aud  abrasion  does  not  take  place  so  readily  as  if  the  threads 
touched  each  other  at  only  a  few  points.  The  nuts  are  therefore  less  apt  to  wear 
loose  under  repeated  jariing. 

Owing  to  the  difficulty  of  obtaining  such  perfect  fitting  bolts  and  nuts,  due  to 
the  wear  of  the  cutting  tools  used  in  their  manufacture,  bolts  and  nuts  have  been 
made  in  which  the  thread  on  the  bolt  differs  slightly  in  shape  from  that  in  the 
nut.  They  also  furnish  nuts  in  which  the  thread,  instead  of  l>ein^of  uniform 
shape  throughout,  gradually  becomes  deeper  and  thicker,  by  having  its  side  angle 
made  more  acute,  and  its  top  truncated.  These  nuts  are  used  with  bolts  having 
the  usual  uniform  thread.  The  bolt  enters  the  nut  upon  the  side  where  the 
thread  is  of  the  same  shape  as  its  own ;  but  its  thread  encounters,  and  is  forced 
into,  the  gradually  narrowing  and  deepening  path  between  the  threads  of  the 
nut.  In  both  devices,  the  enforced  conformity  between  the  two  threads  is  relied 
upon  to  give  the  desired  completeness  of  contact  between  them.  The  greater  force 
required  in  screwing  on  the  nut  also  increases  the  friction  between  the  threads. 

BUCKUBB  PIRATES. 

Buckled  plates  are  usually  of  steel,  3^ to ^  in  thick  and  8  to  4  ft  so;  some- 
times in  long  plates  haying  seyeral  buckles  each.  Buckle  2  to  8  ins.  Flat  rim 
or  fillet,  S  to  4  ins.  They  are  used  for  the  floors  of  buildings  and  of  highway 
brid};es. 

Total  permissible  load,  lbs.  on  a  single  square  buckled  plate  of  any  size  and 
thickness.-f  Load  ^^kt  h;  where  k  =  permissible  unit  stress  in  metal,  lbs  per 
•q  in,  say  6000 ;  t  =  thickness  of  metal,  ins,  and  A  «  depth  of  buckle,  ins. 

Buckled  plates  are  stronger,  and  require  less  concrete,  etc.  for  filling,  when  laid 
with  convex  side  down.  They  weigh  but  little  more  than  flat  plates,  or  about  ID 
ft>s  per  sq  ft  per  3>^  in  of  thickness. 

*  Invented  by  Mr.  Thomas  Shaw,  M.  R,  of  Philadelphia. 

t**  Steel  in  Construction,"  by  Fencoyd  Iron  Works,  Philadelphia,  1900.  p  147. 
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WEIGHT  OP  METAL8. 


WEIGKT  AlTD  STREJrcrra  OF  IROir  BOIiTS.    (Origioal.) 

Diameters,  wei^ts,  and  approximate  breaking  strains,  for  round  bolts  ; 

breaking  strain  per  square  incli  assumed  as  follows:  Up  to  1  inch  square,  or  1 
inch  diam,  20  tons,  or  44800  lbs ;  from  1  to  2  ins  sq  or  diam,  19  tons ;  2  to  8  ins, 
18  tons ;  8  to  4  ins,  17  tons ;  4  to  5  ins,  16  tons ;  5  to  6  ins,  15  tons. 

A  long  upset  rod  is  no  stronger  than  one  not  upset,  against  slowly  applied  Ibads 
or  strains.  Both  will  then  break  at  about  midlength,  under  equal  pulls.  In  such 
cases  use  columns  5  and  6. 

Square  bars.     Strength  or  wt »  1.273  X  strength  or  weight  of  round  bar. 
r*AnnA«i  Kn«M      ("Strength         =0.8     X  strength  of  similar  Iron  bar. 
tapper  bars,    j  height  =1.14  X  weight    "       "        "      " 


Xnda  enlaxgedaor 

UpMt. 

Ends  not 
enlarged. 

Xndi  enlarged,  or  upeet. 

enlarged. 

Diun. 

Weight 

Break. 

BreiUt- 

Dlam. 

Weight 

Diam. 

Weight 

Break. 

Break. 

OUm. 

Weigtai 

of 
■bulk 

per  foot 
ruB. 

^.. 

^n. 

of 
shank 

per  foot 
nm. 

of 
ahaak 

per  foot 
ran. 

^. 

atrafn. 

of 
ahank 

per  foot 
run. 

Ina. 

Pda. 

Tom. 

Pda. 

Ina. 

Pda. 

Ina. 

Pda. 

Tom. 

Pda. 

Ina. 

Pda. 

.0414 

.245 

549 

1| 

8.10 

45.7 

102368 

2.14 

12.0 

JL 

.093 

.553 

1239 

^1 

8.69 

49.0 

109760 

2.22 

12.9 

1 

.166 

.983 

2202 

.35 

.821 

l' 

9.30 

52.5 

117t00 

2.80 

13.8 

JL 

.258 

1.53 

3427 

.43 

.452 

m 

9.93 

56.0 

125440 

2.38 

14.7 

z 

.872 

2.21 

4950 

.60 

.664 

2" 

10.6 

69.7 

138728 

2.45 

16.T 

JL 

.606 

8.00 

6720 

.68 

.897 

2j 

12.0 

63.8 

142912 

2.69 

17.6 

X 

.661 

8.93 

8803 

.66 

1.14 

2 

13.4 

71.6 

160384 

273 

19.5 

JL 

.887 

4.97 

11133 

.73 

1.41 

2 

14.9 

79.7 

178528 

2.88 

21.6 

f 

1.03 

6.14 

18754 

.80 

1.67 

2 

16.5  • 

88.4 

198016 

8.02 

28.9 

11 

1.26 

7.42 

16621 

.88 

2.03 

2 

18.2 

9T.4 

218176 

8.16 

26.1 

f 

1.49 

8.88 

19779 

.96 

2.41 

2 

20.0 

106.9 

289456 

3.80 

28.6 

1.75 

10.4 

23296 

1.04 

2.81 

2 

21.9 

116.8 

261682 

8.45 

81.1 

2.03 

12.0 

26880 

1.12 

8.26 

3 

23.8 

127.2 

284928 

8.60 

88.9 

lin. 

2.38 

13.8 

80912 

l.iO 

8.n 

JU 

27.9 

141.0 

815840 

8.86 

89J 

265 

15.7 

35168 

1.27 

4.27 

si 

32.4 

163.6 

366464 

4.12 

44.4 

1^ 

2.99 

16.8 

87632 

1.35 

4.77 

3I 

37.2 

187.7 

420448 

4.41 

61.0 

8.35 

18.9 

42336 

1.42 

6.28 

4. 

42.3 

213.6 

478464 

'4.70 

67.8 

1^    1 

3.73 

21.1 

47264 

1.49 

6.81 

44 

47.8 

227.0 

508480 

4.98 

65.2 

4.13 

23.8 

52192 

1.55 

6.39 

4 

53.6 

264.5 

570080 

5.25 

72.9 

1^    I 

4.66 

25.7 

57568 

1.64 

7.04 

4i 

59.7 

283.5 

635040 

5.53 

80.6 

5.00 

28.2 

63168 

1.72 

7.74 

s: 

66.1 

814.2 

703808 

6.80 

88.1 

l-y  f 

5.47 

80.8 

68992 

l.«0 

8.48 

72.9 

324.7 

72732^ 

6.08 

97.0 

5.95 

33.0 

75264 

1.87 

9.20 

5I 

80.0 

856.4 

798336 

6.36 

106. 

li    1 

6.46 

36.4 

81636 

1.91 

988 

5I 

87.5 

889.6 

8724S0 

6.68 

116. 

i 

6.99 

39.4 

88256 

2.00 

10.6 

6. 

95.2 

424.1 

949984 

6.90 

126. 

7.53 

42.5 

95200 

2.07  lll.3     1 

___^^ 
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The  ^rmingham  wire  caiiare  is  the  one  in  most  general  use  for  Iron.  The 
new  British  w  g  went  into  effect  March  Irt  1884.  In  the  "  American  "  w  g  of  Dar- 
ling, Brown  A  Sharpe,  Providence  R.  I.,  each  diam  or  thick  is  =  the  next  smaller 
one  X  1.122932.  We  take  the  wt  of  wrot  iron  per  cuh  ft  at  485  lbs  in  the  flrst  two ; 
and  at  486  in  the  last.  For  the  wt  of  Steel,  mult  that  of  iron  by  l.Ot.  For 
lead,  mult  iron  by  1.46.  For  sine,  mult  iron  by  .9.  For  brass  (approx),  mult 
iron  by  1.06.    For  eopper,  mult  iron  by  1.13A. 


Birmingham  W.  Ga.  | 

New  British  W.  Ga.  | 

American  W,  Ga. 

No. 

Dtam  of 

wire,  or 
thickaeHS 

Wtof 
Iron  wire. 

Wtof 

Iron 

abeeU, 

Diam  of 
wire,  or 
thiokness 

Wtof 
Iron  wire, 
Id  lbs  per 

Ua  ft. 

Wtof 
Iron 
sheets. 

Diftin  of 
wire,  or 
thickness 

Wtof 
Iron  wire, 
in  !bs  per 

Un  ft. 

Wi  of 

iron 
sheets, 

of  sheet, 

iQB. 

Id  B>«  per 
lln  ft. 

f  D  lbs  per 
-qft. 

of  sheet, 
Ids. 

Id  lbs  per 
«,ft. 

of  sheet, 
ins. 

in  Ibg 
persqft 

7-0 

.500 
.464 
.432 
.400 

.661 
,669 
.494 
.423 

20.21 
18J5 
17.46 
16.17 

,460000 

.561 

6-0 

6-0 

4-0 

""454"' 

V646 

1*8.35"" 

18.63 

3-0 

.425 

.479 

17.18 

.372 

.366 

16.03 

.409642 

.445 

16.58 

2-0 

,380 

.383 

16.36 

.348 

.320 

14.06 

.3(;479« 

.353 

14.77 

0 

.340 

.306 

13.74 

.324 

.278 

13.09 

.324861 

.280 

13.16 

1 

.300 

.238 

12.13 

.300 

.238 

12.13 

.289297 

.222 

11.70 

2 

,284 

.214 

11.48 

.276 

.202 

11.16 

.257627 

.176 

10.43 

3 

.259 

.178 

10.47 

.252 

.168 

10,19 

.229423 

.139 

9.291 

4 

.238 

.160 

9,619 

.232 

.142 

9.377 

.204307 

.111 

8.273 

5 

.220 

.128 

8.892 

.212 

.119 

8.568 

.181940 

.0877 

7.366 

6 

.203 

.109 

8.205 

.192 

.0976 

7.760 

.162023 

.0696 

6.561 

7 

.180 

.0859 

7.275 

.176 

.0820 

7.113 

.144285 

.0552 

5.842 

8 

.165 

.0721 

6,669 

.160 

.0677 

6.466 

,128490 

,0438 

5.203 

9 

.148 

.0580 

6,981 

.144 

.0548 

6.820 

,114423 

,0347 

4.633 

10 

.134 

.0476 

6.416 

.128 

.0434 

5.173 

,101897 

.0275 

4.126 

11 

.120 

.0382 

4.850 

.116 

.0357 

4.688 

.090742 

.0218 

3.674 

12 

.109 

.0316 

4.405 

.104 

.0286 

4.203 

.080808 

.0173 

3.272 

13 

.095 

,0239 

3.840 

.092 

.0224 

3.713 

.071962 

,0137 

2.914 

14 

.083 

.0183 

3.365 

.080 

.0169 

3.233 

.064084 

.0109 

2.595 

15 

.072 

.01^7 

2.910 

.072 

.0137 

2.910 

.057068 

.00863 

2.310 

16 

.065 

.0112 

2.627 

.064 

.0108 

2.587 

.050821 

.00684 

2.053 

17 

.058 

.00891 

2.344 

.056 

.00832 

2.263 

.045257 

.00543 

1.832 

18 

.049 

.00636 

1.980 

.048 

.00610 

1.940 

.0403m 

,00430 

1.631 

19 

.042 

.00467 

1.697 

.040 

,00423 

1,617 

.035890 

,00341 

1.463 

20 

.035 

.00325 

1.415 

,036 

.00344 

1.465 

.031961 

.00271 

1.293 

21 

.032 

.00271 

1.293 

.032 

.00269 

1.293 

.028462 

.00215 

1.152 

22 

.028 

.00208 

1.132 

.028 

.00207 

1.132 

.025346 

,00170 

1.026 

23 

.026 

.00166 

1,010 

.024 

.00152 

.9700 

.022572 

.00135 

.913 

24 

.022 

.00128 

.8892 

.022 

.00128 

.8891 

.020101 

.00107 

.814 

25 

.020 

.00106 

.8083 

MO 

.00106 

.8083 

.017900 

.000849 

.724 

26 

.018 

.000859 

.7226 

.018 

.000857 

.7275 

.015941 

.000673 

.644 

27 

.016 

,000678 

.&467 

.0164 

.000712 

.6628 

.014195 

.000534 

.674 

28 

.014 

.000519 

.5658 

.0148 

.000679 

.59S2 

.012641 

.000423 

.511 

29 

.013 

.000448 

.6254 

.0136 

.000489 

.5497 

.011257 

.000336 

.465 

30 

,012 

.000382 

.4860 

.0124 

.000408 

.5012 

.01(W25 

.000266 

,405 

31 

.010 

.000266 

.4042 

4)116 

.000357 

.4688 

.008928 

.000211 

.360 

32 

.009 

.000215 

.3638 

,0108 

.000309 

.4365 

.(K)7950 

.000167 

.321 

33 

.008 

.000170 

.3233 

.0100 

.000265 

.4042 

.007080 

.000133 

.286 

34 

.007 

.000130 

.2829 

.0092 

.000224 

.3718 

.006305 

.000105 

.264 

35 

.005 

.0000662 

.2021 

.0084 

.000187 

.3396 

.0a%15 

.0000837 

.226 

S6 

.004 

.0000424 

.1617 

.0076 

,000153 

,3072 

,005m) 

.0000662 

.203 

37 

.0068 

.000122 

,2748 

.004453 

.0000525 

J80 

88 

.0060 
.0052 
,0048 
.0044 
.0040 
.0036 
,0032 
.0028 
.0024 
i)020 
.0016 

.0000952 
.0000714 
.0000608 
.0000513 
.0000423 
.0000344 
.0000271 
.0000207 
.0000152 
.0000106 
1.0000068 

.2425 
.2102 
,1940 
.1778 
.1617 
.1456 
.1293 
.1132 
.0970 
,0808 
.0647 
Digitized 

.003965 
.0(t353l 
.003144 

yGoO 

.0000417 
.0000330 
,0000262 

Qle 

.169 

S9 

.143 

40 

.127 

41 

42 



43 

44 

45 

46 

47 

— 

4ft 
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WIRE  GAUGES. 


American  ufanf^e  for  sheet  and  plate  iron  and  steel  (1893).  We  omit 
the  columns  of  weight  in  kilograms  per  square  foot  and  in  pounds  per  square 
meter,  and  simplify  the  headings  of  the  remaining  columns. 

An  Act  establishing  a  standard  gauge  for  sheet  and  plate  iron  and  steel. 

Be  it  enacted  by  the  Senate  and  Home  of  JiepreseiiUHive^  of  the  Vniied  Statej;  of 
America,  in  Congress  assembled,  That  for  the  purpose  of  securing  uniformity  the 
following  is  established  as  the  only  standard  gauge  for  sheet  and  plate  iron  and 
steel  in  the  United  States  of  America,  namely : 


Approximate  thickuess.                     1 

Weight. 

No. 

Inches. 

MUllmetera. 

Per  sq.  foot, 

in  avoirdupois 

Per»q 
meter.  In 

ounces. 

pounds. 

kilograms 

7-0 

1-2       =5 

12.7 

320 

20.00 

97.65    , 

fi-0 

1.V32     =.46875 

11.90625 

300 

18.75 

91.55 

6-0 

7-16    =.4375 

11.1125 

280 

17.50 

85.44    . 

4-0 

13-32    =.40625 

10.31875 

260 

16.25 

79.33    * 

3-0 

3-8      =.375 

9.525 

240 

15. 

73.24 

2-^ 

11-32    =.34375 

8.73125 

220 

13.75 

67.13    " 

0 

5-16     =.3125 

7.9375 

200    . 

12.50 

61.03 

1 

9-32    =.28125 

7.14375 

180 

11.25 

54.93 

2 

17-64    =.265625 

6.746875 

170 

10.625 

51.88 

3 

1-4      =.25 

6.35 

160 

10. 

48.82 

4 

1.5-64    =-.234375 

5.953125 

150 

9.375 

45.77 

5 

7-^2    =.21875 

5.55625 

140 

8.75 

42.72 

6 

13-64     =.203125 

5.159375 

130 

8.126 

39.67 

7 

3-16     =.1875 

4.7625 

120 

7.5 

36.62 

8 

11-64    -^.171875 

4.365625 

no 

6.875 

33.57 

9 

5-32    -=.15625 

3.96875 

100 

6.25 

30.52 

10 

9-64    =.140625 

3.571875 

90 

5.625 

27.46 

11 

1-8      =.125 

3.176 

80 

6. 

24.41 

12 

7-64    =.109375 

2.778125 

70 

4.375 

21.86 

13 

3-32     =.09375 

2.38125 

60 

3,75 

18.81 

14 

5-64    =.078125 

1.984375 

50 

3.125 

15.26 

15 

9-128  =.0703125 

1.7859375 

45 

2.8125 

13.73 

16 

1-16     =.0625 

1.5875 

40 

2.5 

12.21 

17 

9-160  =.05625 

1.42875 

36 

2.25 

10.99 

18 

1-20    =.05 

1.27 

32 

2. 

9.763 

19 

7-160  =.04375 

1.11125 

28 

1.75 

8.54i 

20 

3-80    =.0375 

.9525 

24 

1.50 

7.324 

21 

11-320  =..034375 

.873125 

22 

1.375 

6.713 

22 

1-32     =.03125 

.793750 

20 

1.25 

6.103 

23 

9-320  =.028125 

.714375 

18 

1.126 

5.493 

24 

1-40    =.0'25 

.635 

16 

1. 

4.882 

25 

7-320  =.021875 

.655625 

14 

.875 

4.272 

26 

3-160  =.01875 

.47625 

12 

,75 

3.66$ 

27 

11-640  =.0171875 

.4365625 

11 

.6875 

3.35T 

28 

1-64    =.015625 

.396875 

10 

.625 

3.08Sr 

29 

9-640  =-0140625 

.3571875 

9 

.5625 

2.740 

80 

1-80    =.0125 

.3175 

8 

.5 

2.441 

31 

7-640  =.0109375 

.2778125 

7 

.4375 

2.136 

32 

13-1280=.010]5625 

.25796875 

6i 

.40625 

1.983 

33 

3-320  =.009376 

.238125 

6       . 

.375 

1.83t 

34 

ll-1280=.O0859375 

.21828125 

H 

.34375 

1.67$. 

35 

5-640  =.0078125 

.1984375 

5 

.3125 

1.6^ 

36 

9-1280=.00703125 

.17859375 

H 

.28125 

1.87S, 

87 

17-2560=. 006640625 

.168671875 

H 

.265625 

1.29' 

1.22: 

38 

1-160  =.00625 

.15875 

4 

.25 

And  on  and  after  July  first,  eighteen  hundred  }|nd  Bki«ty-tbree.  the  a»m4  tt*d 
DO  otl^er  shall  be  used  in  determining  duties  atd  taxes  levied  by  the  United 
States  of  America  on  sheet  and  plate  iron  and  sfeeel.  But  thi»act  skutll  i¥>t  be 
construed  to  increase  duties  upon  any  articles  wl|ioh  may  be  in»f)orted. 

ShX.  2.  That  the  Secretary  of  the  Treasurv  is  ^uthmrieed  and  required  to  pre- 
pare suitable  standards  in  accordance  herewith. 

Sec.  3.  That  in  the  practical  use  and  appHcatio|i  of  the  standard  gauge  hereby 
established  a  variation  of  two  and  one-half  per  cekit.  either  way  luay  be  allowed. 

^  oproved  March  3,  1S98.  r"r^r^^rl^ 

'^  •  Digitized  by  VjOOQIC 


CIBCBOIAB  HEAflUBE. 


Used  in  comparing  cross  sections  of  wires,  etc. 

X  circular  unit  is  the  area  of  a  circle  whose  diameter  is  one  linear  unit 
Thu8»  a  circular  inch  is  the  iu*ea  (=  0,785i  square  inch)  of  a  circle  whose 
diameter  is  one  inch. 

The  foUewlnc  table  k  adapted,  hy  permission,  ttom  Mr.  Carl  Hering's  yalu- 
able  TaUes  Of  KquiTalenta  of  Unite  tf  itleasuremeotk  New  York,  1888.  Inas* 
much  as  we  toke  1  meter  =«  89.37  Inebes,  iastead  of  89.87079  iachos,  our  yalues 
diAir  sttghUy  from  his. 

Lflgarithm. 

1  O  »11  •- *=       0.78640  O  mil* 1.896  0660 

=»      0.00064518  O  mimmeter "4,809  6692 

-  0.00050671  Q  ttamm«tef ^,.«~^-.,- 1.704  7591 

1  D  mil* =-       1.2732  O mils* ^ 0.104  9101 

*       t.00082145  O  millimeter... X014  S798 

10niilHmeter=  1550.0  0 mils* 8.190  8888 

=  1217.4  D  mils* 8.085  4207 

-  0.78540  a  milHmeter T89§  Oe0» 

1  a  millimeter  =»  1973.5  Q  mils* , 8.295  2409 

=»       1.2732  O  saillimeters...- , 0.104  9101 

i;Disair  sTAirDAttD  wirk  eAvais. 

Adept#d  b3P  the  Associated  £dison  Xllvninating  Ccpnpanies. 
In  this  table  the  gauge  number  is  approximately  equal  to 
j^  X  area  of  cross  seetion  in  eircular  mils* 
==  Ti^  X  eqpare  of  diameter  In  n^ils.* 


Na 

Diameter, 

No. 

Diameter, 

No. 

Diameter, 

in  mils. 

Inmlls. 

i»mikk 

8 

^72 

66 

354.96 

IQO 
170 

400.00 

5 

70 

«I4^ 
7a87 

412.82 

8 

89.45 

75 

180 

424.27 

12 

109.55 

80 

82.85 

190 

486.89 

16 

122.48 

85 

HJS5 

200 

447.22 

90 

141.43 

90 

oaoo 

220 

469.05 

96 

158.12 

95 

^.28 
816u28 

240 

489.90 

80 

17a21 

100 

260 

609.91 

86 

187.09 

110 

191.67 

280 

529.16 

40 

200.00 

HO 

146.49 

800 

647.78 

45 

212.14 

180 

860.56 

820 

665.69 

50 

223.61 

140 

874.17 

840 

583.10 

66 

284.68 

110 

187^ 

m    .. 

I    mm 

60 

244J»6 

♦  1  mil  -  X  Al  ^c^ 
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Ho  trade  Stupidity  it  more  thorotighly  senseleM  than  the  adherence  to 
the  Tarioos  Birmingbam,  Lancashire,  Au,  gangee:  instead  of  at  once  denoting  the 
thickness  and  diameter  of  sheets,  wire,  Ac.  bj  the  parts  of  an  inch ;  as  has  lonf 
been  suggested.  Thus,  No.  j/L  or  No.  ^  wire,  or  sheet-metal  of  any  kind,  shoold 
be  understood  to  mean  H  o**  t(f  of  an  inch  diam,  or  thickness.  To  avoid  mistakes, 
which  are  very  apt  to  occur  from  the  number  of  gauges  in  use :  and  from  the  absurd 

{>ractice  of  applying  the  same  No.  to  different  thiokooeiss  of  different  metals,  in  dif- 
ierent  towns,  it  is  best  to  ignore  them  all ;  and  in  gitring  orders,  to  define  the  diam* 
eter  of  wire,  and  the  thickness  of  sheet-metal,  by  parts  of  an  inch.    Or  the  weight 

Er  hundred  ft  for  wire;  or  per  sq  ft  for  sheets,  may  be  employed.  We  fteUsoe  wat 
efifregoing  Birmingham  gauge  applies  to  sine,  copper,  brass,  and  lead;  althoagh 
it  is  generally  stated  to  be  for  iron  and  steel  only.  Another  Birmingham  gauge  is 
used  for  stieet-brass,  gold,  silver,  and  some  other  metals;  but  we  have  never  seen  it 
stated  what  those  others  are.  inhere  are  different  gauges  even  for  wire  to  be  used 
for  different  purpo$e$  ;  and  various  firms  have  gauges  of  their  own ;  not  even  accord* 
ing  among  themselves. 

As  Mr.  Stubs  makes  various  English  gauges,  the  term  ** Stubs  fw^u^e**  by 
•tee{^  means  nothing.  Generally,  however,  in  uoi  machine  shops,  it  applies  to  the 
Birmingham  gauge  of  the  preceding  table. 

BinBlniirlMUii  ffanse  for  sheet  Brass.  Silver,  Gold,  and  all  metak 
except  iron  and  steel  ? 


Mo. 

Thiska's. 

No. 

Thiekn's. 

Ho. 

Thlokn's. 

No. 

Thlokn's. 

No. 

Thiokn'fl. 

No. 

Thleka's. 

Inoh 

Inoh 

Inoh 

Inoh 

Inoh 

iBOh 

1 

.004 

7 

.015 

18 

.036 

19 

.064 

26 

.096 

81 

J38 

2 

.005 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

82 

.143 

3 

.008 

9 

.019 

16 

.047 

21 

xr72 

27 

.113 

88 

.145 

4 

.010 

10 

.024 

16 

.061 

22 

.074 

28 

.120 

84 

.148 

6 

.012 

11 

.029 

17 

.067 

28 

.077 

29 

.124 

86 

.168 

6 

.013 

12 

.084 

18 

.061 

24 

.082 

80 

.126 

86 

a67 

Tbe  mills  rollinur  sheet  iron  in  the  United  States  generally 
use  the  following,  which  varies  slightly  from  the  Birmingham  gauge : 


No. 

1 

lbs  per 
12*60 

No. 
8 

lbs  per 
sqft 
6.86 

No. 
16 

lbs  per 
3%" 

No. 
22 

iSsper 

2 

12.00 

9 

6.24 

16 

2.50 

28 

1.12 

11.00 

10 

6.62 

17 

2.18 

24 

1.00 

10.00 

11 

6.00 

18 

1.86 

26 

.90 

8.75 

12 

4.38 

19 

1.70 

26 

.80 

8.12 

13 

8.75 

20      ' 

1.54 

27 

.72 

7.50 

14 

8.12 

21 

1.40 

28 

.64 

Wh«n  -wire,  sheet-n&etaly  Ao.,  are  ordered  by  gauge  number,  and  it  it 
not  specified  what  gauge  is  intended ;  dealers  in  the  UnitecT  States  fill  the  order  as 
fi>llows : 

Brass,  bronze  or  German  Silver  in  sheets,  German  Silver  wire,  brazed  brass,  bronss^ 
Bine  or  copper  tubing,  by  Brown  k  Sharpens  (or  **  American  **)  gauge. 

Copper  in  sheets;  brass  and  copper  wire ;  seamless  brass,  bronze  or  copper  tubing; 
and  small  brass  rods;  by  Stubs*  (or  Birmingham)  gauge. 


Unannealed  or  hard  Inrass  ifHre  has  abont  ^thii  the  strengths  of  the  taUe  p.  891, 
and  about }  more  weight.    If  annealed,  only  mU  half  the  strength. 

Hard  copper  ifHre  may  be  taken  at  ^  of  the  iabnlsr  ftrengtfai,  sad  UM 
!>  more  weight. 
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T»Me  of  C^areoal  Iron  Wire  made  bx  Trenton  Iron  CJo., 

Trenton,  N.  J.  The  numbers  in  the  first  oolomn  are  those  of  the  Trenton  Iron 
€k»'s  fl^aoire.  The  corresponding  diameters  in  the  second  column  will  be  seen  to 
be  somewhat  less  than  those  of  the  Birmingham  gaoge. 


Vo. 

Dtom. 
ins. 

LtB«ia 

ftet  to  the 

Pound. 

Tenrile 
Str'fth 

No. 

DIUB. 

ina. 

Llnoftl 

feet  tc  the 

Pound. 

Tflulto 
Str'gth 
Approx 

No. 

Diunl 
Ids. 

Uneal 
feet  to  the 

Pound. 

00000 

.400 

1.863 

12598 

U 

.1175 

27JB40 

1010 

26 

.018 

1164.689 

0000 

.400 

2.358 

9955 

12 

.105 

34.219 

810 

27 

.017 

1305.670 

000 

.360 

2.911 

8124 

13 

.0925 

44.092 

681 

28 

.016 

1476.869 

00 

.330 

8.465 

6880 

14 

.080 

58.916 

474 

29 

.015 

1676.989 

.805 

4.057 

5926 

15 

.070 

76.984 

872 

30 

.014 

1925.321 

.285 

4.645 

5226 

16 

.061 

101.488 

292 

31 

.018 

2232.658 

.265 

5.874 

4570 

17 

J0925 

137.174 

222 

82 

M2 

2620.607 

.245 

6.286 

3948 

18 

.045 

186.335 

169 

33 

.011 

8119.092 

.225 

7.454 

3374 

19 

.040 

235.084 

187 

34 

.010 

3773.584 

.205 

8.976 

2839 

20 

.035 

808.079 

107 

35 

.0095 

4182.508 

.190 

10.458 

2476 

21 

.081 

392.772 

36 

.009 

4657.728 

t; 

.175 

12^22 

2136 

22 

.028 

481.234 

...... 

37 

.0085 

6222.085 

.160 

14.736 

1813 

23 

.025 

603.863 



38 

.008 

5696.147 

.145 

17.950 

1507 

24 

.0225 

745.710 



39 

.0075 

6724.291 

10 

.130 

23J88 

1288 

95 

.020 

948.896 



40 

.007 

7698.253 

Tlie  wlro  1b  tllla  table  it  sappoisd  to  be  hard,  bright,  or  nnaanealed 
The  flgnres  in  the  oolnmn  of  tensile  strength  are  based  upon  tests  made  with  good 

oharooal  iron  wire  flrom  Trenton  blooms. 
The  tensile  strength  of  wire  made  of  is  about 

Good  refined  iron., 16  per  cent,  jess  1     ^^„  ^^  ^^ 

10      "      moreP'***^^***"?^* 
luure  I-  ^jj^  given  in 


Swedish  charcoal  iron 

Mild  Bessemer  steel 

Ordinary  crucible  steel. » 25 

"      *  1  crucible  steel.- .80  to  120 


u       the  aboTe  table. 

Annealing  renders  wire  more  pliable  and  dactile»  bat  leis  elastic :  and  reducei  the 
teniile  strength  l^  from  20  to  26.per  cent 


To  And  approxtmatel/-  the  number  of  stralnrtat  wires  tbat 
can  be  sot  Into  a  cable  of  irl^^n  diameter. 

BiTide  the  diameter  of  the  cable  in  inches,  by  the  diameter  of  a  wire  in  inches. 
Bquare  the  quotient  Multiply  said  square  bv  the  decimal  .77.  The  result  will  be 
correct  within  about  4  or  5  per  cent  at  most,  in  a  cylindrical  cable. 

Tbe  BolldltXt  or  metal  area  of  all  tbe  wires  In  a  cable,  will  be 
to  the  area  of  the  cable  itself,  about  as  1  to  1.3.  In  other  words,  the  area  of  the 
Toids  is  nearly  ^  that  of  the  cable;  while  that  of  the  wires  ia  fully  %  that  of  the 
eable.    All  approximate. 
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91 »  moment  of  load,  in  ft-Bts  > 


1,  =  span  In  ft 

W  =  uniformly  distrilmted  safe  load  in  fi»  i«  |- 

WL      C      SX 

8    ""  1  "■  12 
M 
S  =  stress  in  extreme  fibres,  fn  lbs  per  sq  in  ^  ^ 

I,  I  =  moment  of  inertia  i  JL  about  XY ;  i,  about  A  B 
B,r=  radius  of  gyration;  B,    "       "     r,     **      '• 

X     =  ^* section  modulus"  *•       "     X  =*  — g- 

C      =  coefficient  for  uniformly  distributed  safe  load 

Cg,  for  siHiic  loads ;  8  =  16,000 1>8.    Cm,  for  moTing  loads ;  8 


12,900  lbs. 


D      * 

=i  distance  required  to  make  r  ==  R 

Section 
index. 

H. 

Depth 
ins. 

Weight 

per  ft 

lbs. 

Ar«aof 
section 
sq  in. 

Web 

thickness 

ins. 

Flabge 

Vidth 

ins. 

B  1 

^ 

100.«0 
80.00 

29.41 
88.32 

0.50Q 

m 

B   2 

20 

100.00 
80,00 

29.41 
23.78 

0.8M 
0.60ft 

7.284 
T.«00 

B   8 

u 

20 

75.00 
65.#0 

22,06 
19.08 

0.649 
0.500 

6.399 
6.250 

B80 

<< 

18 

70.00 
55.00 

20.69 
15.98 

0.719 
0.460 

6.26f 
6.000 

B   4 

« 

15 

100.00 
80.00 

29.41 
28.81 

1.184 
0.810 

6.774 

<^.4eo 

B   5 

15 

75.00 
60.00 

■  22.06 
17.67 

0.882 
0.590 

6.292 
6.000 

B  ? 

IB 

liiOft 
41*0 

10.18 
12.48 

ek<56 

5.740 

B  8 

12 

55.00 
40.00 

16.18 
11.84 

asoa 

a460 

5.812 
5.25» 

B   9 

12 

85.00 
81.50 

10.29 
9.26 

0.436 
0.850 

5.086 
5.000 

BU 

10 

40.00 
25.00 

lt76 
7.37 

0.749 
0<810 

5.099 
i660 

B18 

44 

85.00 
21.00 

10.29 
6.81 

0.732 
0.290 

4.772 
4.830 

B16 

25.50 
18.00 

7.50 
5.83 

0.541 
0.270 

4.271 
4.000 

B17 

I 

20.00 
15.00 

5.88 
4.42 

0.458 
0.260 

8.868 
8.660 

B19 

« 

17.25 
12.25 

5.07 
8.61 

0.475 
0.230 

8.575 
8.330 

B21 

14.75 
9.75 

4.34 
2.87 

0.504 
0.210 

8.294 
8.000 

B23 

10.50 
7.50 

3.09 
2.21 

0.410 
0.190 

2.880 
2.660 

B77 

7.50 
5.50 

2.21 
1.63 

0.361 
0.170 

2.521 
2.880 
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I-BEAMS. 


Tli«  tAl»le  fflVM  th«  maximum 
and  the  minimum  weight  of  each  section. 
The  mintaiua  'wvigiia  are  atndard. 
Others  are  special. 

Cawtlon.— With  very  short  fpans, 
the  loads  found  bf  means  of  cMumns 
Cp  and  Cm,  although  safe  against  bend- 
«H^,  may  M  so  great  as  to  endanger  a 
crushing  of  the  ends  of  the  beam,  or  of 
the  wallsv  etc,  wader  them,  unless  the 
beam  has,  at  its  ends,  a  greater  length  of 
bearing  than  would  othcrwisa  be  naeded. 


I 

1 

11 
iss. 

r 
ins. 

X 

lbs. 

Cm 
lbs. 

B 

ins. 

Section 
index. 

2880.3 
2087.9 

48.56 
42.86 

9.00 
9.46 

1.28 
1.86 

198.4 
174.0 

2,115,800 
1,855,900 

1,658,000 
1,449,900 

17.82* 
18.72 

B  1 

1655.8 
1466.5 

52.66 
45.81 

7.50 
7.86 

1.34 
1.39 

166.6 
146.7 

1,766,100 
1,564,300 

1,879,800 
1,222,100 

14.76 
15.47 

B   2 

1268.9 
1169.6 

30.25 
27.86 

7.58 
7.83 

1.17 
1.21 

126.9 
117.0 

1,853,500 
1,247,600 

1,057,400 
974,700 

14.98 
15.47 

B  S 

921.3 
795.6 

24.62 
21.19 

6.69 

7.07 

1.00 
1.15 

102.4 
88.4 

1,091,900 
943,000 

853,000 
736,700 

13.20 
13.05 

B80 

4i 

900.5 
795.5 

50.96 
41.76 

6.53 
5.78 

1.81 
1.82 

120.1 
106.1 

1,280,700 
1,131,300 

1,000,600 
883,900 

10.75 
11.25 

B  4 

691.2 
609.0 

30.68 
25.96 

5.60 
5.87 

1.18 
1.21 

92.2 
81.2 

983,000 
866,100 

768,000 
676,600 

10.95 
11.49 

B  6 

511.0 
441.7 

17.06 
14.62 

5.62 

5.95 

1.02 
1.08 

68.1 
58.9 

726.800 
628,300 

567,800 
490,800 

11.05 
11.70 

B   7 

821.0 
268.9 

17.46 
13.81 

4.45 

4.77 

1.04 
1.08 

63.5 

44.8 

570,600 
478,100    , 

445,800 
373,500 

8.65 
9.29 

B  8 

(1 

22&3 
215.8 

10.07 
9.50 

4.71 
4.83 

0.99 
1.01 

88.0 
36.0 

405.800 
883,700 

817,000 
299,700 

9.21 
9.45 

B   9 

158.7 
122.1 

9.S0 
6.89 

3.67 
4.07 

0.90 
0.97 

31.7 
24.4 

833,500 
260,500 

264,500 
203,500 

7.12 
7.91 

Bll 

111.8 

84.9 

7.81 
5.16 

8.29 
3.67 

0.90 

24.8 
18.9 

266,000 
201,300 

207,000 
157,300 

6.36 
7.12 

B18 

68.4 
56.9 

4.75 
8.78 

3.02 
8.27 

0.80 
0.84 

17.1 
14.2 

182,500 
151,700 

142,600 
118,500 

5.82 
6.32 

B16 

42.2 
86.2 

3.24 
2.67 

2.68 
2.86 

0.74 
0.78 

12.1 
10.4 

128,600 
110,400 

100,400 
86,300 

5.15 
5.50 

B17 

26.2 
21.8 

2.36 
1.85 

2.27 
2.46 

0.68 
0.72 

8.7 
7.3 

93,100 
77,500 

72,800 
60,600 

4.88 
4.70 

B19 

15  2 

1.70 
1  23 

1.87 
2.06 

0.63 
065 

6.1 

4.8 

64,600 
51,600 

38,100 
31,800 

20,T00 

i7,eoo 

50,600 
40,800 

29,800 
84,900 

16,200 
18,800 

B21 

12.1 

71 

1.01 
0  77 

1.52 
1  64 

0.57 
0  59 

3.6 
3.0 



B23 

6.0 

II 

29 

0.60 
0.46 

1.15 
1.28 

0.52 
0.58 

1.9 
1.7 

B77 

2.5 

{I 
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CABJfEOIX 

li  >»  span  In  ft 

W  »  uniformly  cUstriboted  rafe  lo«d  in  fi»  —  ~ 

H  -  moment  of  load,  in  ft-B>a  «  !^  =.  P  »  ^ 

If 
S  =  stress  in  extreme  fibres,  in  Sm  per  sq  in  «=  -t^ 

I,  I  =  moment  of  inertia;  I,  about  XY ;  1,  about  A  B 
B, r=  radius  of  gyration;  R,     "       "      r,     '«       '* 

X     -"section  modulus"  '•       «'     X » i~i 

€  =*  coefficient  for  uniformly  distributed  safe  bad  »  WL  »  8  H  »  ^— 
Cg,  for  staUc  loads ;  S  »  16,000  &«.  €q|,  for  meriiig  loads ;  8  *  12,500  lbs. 
D      «>  distance  required  to  make  r  =  R 


Section 
index. 

H. 

Depth 
ins. 

Weight 

per  ft 

lbs. 

Area  of 
section 
sq  in. 

Web 

thickness 

ins. 

FTanee 

width 

ins. 

C   1' 
« 

15 

55.00 
33.00 

16.18 
9.90 

0.818 
0.400 

8.818 
3.400 

CJ 

12 

40.00 
20.50 

11.76 
6.03 

0.758 
0.280 

3.418 
2.940 

CJ 

10 

85.00 
16.00 

10.29 
4.46 

0.823 
0.240 

8.183 
2.600 

C   4 

9 

25.00 
13.25 

7.35 
&89 

0.615 
0.230 

2.815 
2.430 

C   5 

<( 

8 

21.25 
11.25 

6.25 
8.35 

0.582 
0.220 

2.622 
2.260 

C  6 
« 

7 

19.75 
9.75 

6.81 
2.85 

0.633 
0.210 

2.513 
2.090 

C   7 

6 

<i 

15.50 
8.00 

4.56 
2.38 

0.563 
0.200 

2.283 
1.920 

C   8 

5 

11.50 
6.50 

3.38 
1.95 

0.477 
0.190 

2.037 
1.750 

C^^9 

4 

7.25 
5.25 

2.13 
1.55 

0.325 
0.180 

1.725 
1.580 

C72 

3 

600 
4.00 

1.76 
1.19 

0.362 
0.170 

1.602 
1.410 

Fire-proof  floors  of  I  beams  and  brick-arehes. 

The  arches  are  usually  **  four-inch " — or  "  half  a  brick"  deep;  span,  Sj  from  4 


to  6  feet ;  rise  about  one-twelfth  to  one-sixteenth  of  the  span.    Tie-ro<u,  T,  ^ 
inch  to  1  inch  diameter,  from  4  to  6  or  8  feet  apart,  and  anchored  into  each  wall 


with  a  stout  washer,  W.    At  each  wall  an  angle  iron,  a,  or  a  tee  iron  is  generally 
used  instead  of  a  beam.    The  spandrels  are  leveled  un  with  nonflrttte  An/>in«{nff 


w » v„  „  .^t.„  w«,u«x ,  WT .  Ai-  eacn  wan  an  angle  iron,  a,  or  a  tee  iron  is  generally 
Used  instead  of  a  beam.  The  spandrels  are  leveled  up  with  concrete,  enxjlosing 
wooden  strips,  m  m\  about  1  inoh  X  2  inches,  two  over  each  arch.    To  these  stripe 

the  flooring  is  nailed. 
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Tbe  table  giwem  the  maximum 
and  the  minimum  weight  of  each  seetion. 
The  minimum  weights  are  standard. 
Others  are  special. 

Caution.— With  very  short  spans, 
the  loads  found  by  means  of  columns 
€s  and  Cm,  although  safe  against  bend' 
ing,  may  oe  so  great  as  to  endanger  a 
cnuhing  of  the  ends  of  the  beam,  or  of 
the  walls,  etc.,  under  them,  unless  the 
beam  has.  at  its  ends,  a  greater  length  of 
bearing  tnan  would  otherwise  be  needed. 


I 

i 

It 

ins. 

r 
ins. 

X 

<^s 

lbs. 

Cm 
lbs. 

B 

ins. 

Section 
index. 

480.2 
812.6 

12.19 

8.23 

5.16 
5.62 

0.868 
0.912 

67.4 
41.7 

611.900 
444,500 

478,000 
347,300 

8.53 
9.50 

CI 

197.0 
128.1 

6.63 
8.91 

4.09 
4.61 

0.751 
0.805 

82.8 
21.4 

850,200 
227,800 

273,600 
178,000 

6.60 
7.67 

C   2 

116.5 
66.9 

4.66 
2.30 

3.35 
3.87 

0.672 
0.718 

23.1 
18.4 

246,400 
142,700 

192,500 
111,500 

5.17 
6.88 

C   8 

70.7 
47.3 

2.98 
1.77 

3.10 

3.49 

0.687 
0.674 

15.7 
10.5 

167,600 
112,200 

130,900 
87,600 

4.84 
5.63 

C   4 

47.8 
32.3 

2.25 
1.33 

2.77 
3.11 

0.600 
0.630 

11.9 
8.1 

127,400 
86,100 

99,500 
67,300 

4.23 
4.94 

C  6 

83.2 
21.1 

1.85 
0.98 

2.89 

2.72 

0.565 
0.586 

9.5 

6.0 

101,100 
66,800 

79,000 
52,200 

3.48 
4.22 

C   6 

u 

19.5 
13.0 

1.28 
0.70 

2.07 
2.34 

0.529 
0.542 

6.5 
4.3 

69,500 
46,200 

54,300 
36,100 

2.91 
3.52 

C7 

10.4 
7.4 

0.82 
0.48 

1.75 
1.95 

0.493 
0.498 

4.2 
8.0 

44,400 
31,600 

34,700 
24,700 

2.34 
2.79 

C   8 

4.6 
3.8 

0.44 
0.32 

1.46 
1.56 

0.455 
0.453 

2.8 
1.9 

24,400 
20,200 

19,000 
15,800 

1.85 
2.06 

C»^ 

2.1 
1.6 

0.31 
0.20 

1.08 
1.17 

0.421 
0.409 

1.4 

1.1 

14,700 
11,600 

11,500 
9,100 

1.07 
1.31 

C72 

The  weight  of  a  4-inch  arch,  with  its  concrete  filling  and  wooden  flooring,  but 
exclusive  of  the  beams,  is  about  70  lbs.  per  square  foot  of  floor. 
A  dense  crowd  of  persons  will  hardly  weigh  more  than  80  lbs.  per  square  foot. 


Each  center,  C,  has  fastened  to  it  at  each  end  a  bent  iron  strap,  A.  forming  a 
hook  by  which  the  center  is  suspended  from  the  lower  flanges  of  the  beams. 
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ANGLES  AJSTD  T  SHAPES. 


CARlTEGni  AJKOUMM 

d         =  distance  between  center  of  gravitv  and  back  of  flange  W 

|B  j_  «t  ((  «<  «4  «(  ((  Ci  l(  TT 

I,  I      =»  moment  of  inertia ;  I,  about  XY ;    1,  about  A  B 

X,  X  =  least  "  section  modulus " ;    X,   "       "       x,    " 

R,  B'  =  radius  of  gyration ;  B,    "       "IT,    "        " 

r         =  least  radius  of  gyration,  about  neutral  axis  forming  acute  angle  « 
with  each  flange.    In  angles  with  equal  legs,  a  =45^ 


12  M. 


«  coefficient  for  uniformly  distributed  safe  load :  1 
Ca  for  static  loads ;  fibre  stress  =  16^000  lbs. 
C^,  for  moving  loads ;  fibre  stress  =>  12,000  S>8.  J 


For  T  shapes  only. 


Size 
H     W 
ins.  ins. 


Thick- 


Weight 

per  ft 

fbs. 


Area  of 
section 
sq  ins. 


d 

ins. 


m 
ins. 


Angles  with  tTneqnal  I«esa. 


•A  150 
•A  159 

7     X3K 
7     X3>| 

1 

32.S 
15.0 

9.50 
4.40 

2.71 
2.50 

0.96 
0.75 

45.187 
22.66 

7.53 
3.96 

A   89 
A  168 

6     X4 
6     X4 

1 

30.6 
12.3 

9.00 

a6i 

2.17 
1.94 

1.17 
0.94 

80.75 
13.47 

10.75 
4.90 

A    92 

A  177 

6     X3J^ 
6     X3>J 

1 

% 

28.9 
11.7 

8.50 
8.42 

2.26 
2.04 

1.01 
0.79 

29.24 
12.86 

7.21 
8.94 

•A  178 
•A  186 

6     X4 
5     X4 

Ps 

242 
11.0 

7.11 
3.28 

1.71 
1.63 

1.21 
1.03 

16.42 
3.14 

5.23 
4.67 

A  187 
A   96 

5     X3i^ 
5     XSJI 

I 

22.7 
8.7 

6.67 
2.56 

1.79 
1.59 

1.04 
0.84 

15.67 
«.60 

6.21 
2.72 

A  196 
A280 

5X3 
5     X3 

I 

19.9 
8.2 

5.84 
2.40 

1.86 
1.68 

0.86 
0.68 

13.98 
6.26 

8.71 
1.76 

•A204 
•A   97 

4J^X3 
4^X3 

I 

18.5 
7.7 

5.43 
2.25 

1.65 
1.47 

0.90 
0.72 

10.33 
4.69 

3.60 
1.78 

•A  212 
•A   98 

4     X8>^ 
4     X8i| 

I 

18.5 
7.7 

5.43 
a.25 

1.86 
1.18 

1.11 
0.93 

7.77 
8.56 

6.49 
2.59 

A  220 
A  228 

4     X3 
4X3 

I 

17.1 
7.1 

5.03 
2.09 

1.44 
1.26 

0.94 
0.76 

7.34 
3.38 

8.47 
1.65 

A229 
A  287 

3>JX3 

I 

15.7 
6.6 

4.62 
1.93 

1.23 
1.06 

0.98 
0.81 

4.98 
2.88 

8.83 
1.68 

A  238 
A245 

3KX2>^ 
3>|X2>| 

H 

12.4 
4.9 

8.65 
1.44 

1.27 
1.11 

0.77 
0.61 

4.13 
1.80 

1.72 
0.78 

•A  246 
•A  251 

3MX2 
3^X2 

s 

9.0 
4.3 

2.64 
1.25 

1.21 

1.09 

0.59 
0.48 

2.64 
1.36 

0.76 
0.40 

A  252 
A  257 

3      X2>1 

s 

9.5 
4.5 

2.78 
1.31 

1.02 
0.91 

0.77 
0.66 

2.28 
1.17 

1.42 
0.74 

•A  258 
♦  A  262 

3     X2 
3     X2 

g 

7.7 
4.0 

2.25 
1.19 

1.08 
0.99 

0.58 
0.49 

1.92 
1.09 

0.67 
0.39 

A264 
A  269 

2^X2 
2>|X2 

^ 

6.8 

2.8 

2.00 
0.81 

0.88 
0.76 

0.63 
0.51 

1.14 
0.51 

0.64 
0.29 

•A  270 
•A  275 

2%  X  IK 
2HX1>| 

^ 

6.5 
2.8 

1.63 
0.67 

0.86 
0.75 

0.48 
0.37 

0.82 
0.34 

0.26 
0.12 

*A276 
•A  277 

2     Xl|^ 
2      Xl^ 

I 

2.7 
2.1 

0.78 
0.60 

0.69 
0.66 

0.37 
0.35 

0.37 
0.24 

0.12 
0.09 

•A  278 
•A  279 

18/^X1 
1%X1 

\ 

1.8 
1.0 

0.53 
0.28 

0.48 
0.44 

0.29 
0.26 

0.09 
0.09 

0.04 
0.02 

*  Special  sections,    f  For  M  and  8  see  p.  892  or  p.  ^91 
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AND  T  SHAPES. 


j-X,^-^ 

■j*^^^ 

k ^w > 

^ ^W 

1 


^ 


-X---!" 


^-r^  i^Wjj 


Maximum  and  Minimum  Weight  of  each  Section. 


2.96 
1.47 

2.19 
2.26 

.0.89 
0.95 

0.88 
0.89 

8.79 
1.60 

1.85 
1.93 

1.09 
1.17 

0.85 
0.88 

2.90 
1.28 

1.85 
1.94 

0.92 
0.99 

0.74 
0.77 

8.31 
1.57 

1.52 
1.59 

1.14 
1.20 

0.84 
0.86 

2  52 
1.02 

1.63 
1.61 

0.96 
1.08 

0.75 
0.76 

1.74 
0.75 

1.65 
1.61 

0.80 
0.85 

0.64 
0.66 

1.71 
0.76 

1.38 
1.44 

0.81 
0.88 

0.64 
0.66 

2.80 
l.Ol 

1.19 
1.26 

1.01 
1.07 

0.72 
0.73 

1.68 
0.74 

1.21 
1.27 

0.88 
0.89 

0.64 
a66 

1.65 
0.72 

1.04 
1.10 

0.86 
0.90 

0.62 
0.68 

0.99 
0.41 

1.06 
1.12 

0.67 
0.74 

0.53 
0.64 

0.58 
0.26 

1.00 
1.04 

0.58 
0.57 

0.44 
0.45 

0.82 
0.40 

0.91 
0.95 

0.72 
0.75 

0.52 
0.58 

0.47 
0.25 

0.92 
0.95 

0.55 
0.57 

0.43 
0.43 

0.46 
0.20, 

0.75 
a  79 

0.56 
0.60 

0.42 
0.48 

0.26 
0.11 

0.71 
0.72 

0.40 
0.43 

0.39 
0.40 

ai2 
ao9 

0.63 
0.68 

0.39 
0.40 

0.30 
0.31 

0.05 
0.08 

0.41 
0.44 

0.27 
0.29 

a22 
0.22 

*  Specud  seQtioQB. 
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AKeUSB  AND  T  BHAPB8. 


d         >i  distance  between  center  of  gKavity  and  back  of  flange  W 
»  =        ••  "  •'       «*       «•  "         "      "       H 

I,  i      »  moment  of  inertia ;  X,  about  XT ;    I,  about  A  B 

>  least  "  section  modulus 


X, 


12  M. 
8  T 

radius  of  gyration;  B,    "       "       B',    "       " 

least  radius  of  gyration,  about  neutral  axis  forming  acute  angld  a 
with  eaoh  flaoge.    In  angles  with  equal  legs,  a  =  49^ 


»  coefficient  for  uniformly  distributed  safe  load : 
Cg  for  static  loads ;  fibre  stress  =  16,000  fi«. 
^m*  ^^^  moving  loads ;  fibre  stress  =  12,000  ft>s. 


J 


For  T  shapes  only. 


Size 
H     W 
ins.  ins. 


Thick- 
nesss 
ins. 


Weight 

per  ft 

fi>s. 


Ar^of 
section 
sq  ins. 


d 
ins. 


• 
ins. 


Anurias  witli  Equal  Iiess* 


M 


«6.9 
26.4 
87.4 
14.8 
80.6 
12.8 
19.9 
8.2 
17.1 
7.1 
11.4 
.  4.9 
8.5 
4.5 
7.7 
8.1 
6.8 
2.8 
5.8 
2.5 
4.6 
2.1 
8.4 
1.2 
2.4 
1.0 
1.5 
0.8 
1.0 
0.7 
0.8 
0.6 


16.73 
7.75 

ILQO 
4.86 
9.00 
8.61 
6.84 
2.40 
6.08 
2.09 
8.86 
1.44 
2^50 
1.31 
2.25 
0.90 
2.00 
•.81 
1.56 
0.72 
1.30 
0.62 
0.99 
0.36 
0.69 
0.80 
0.44 
0.24 
0.29 
0.21 
0.26 
0.17 


2.41 
2.19 
1.86 
1.64 
1.61 
1.89 
1.29 
1.12 
1.17 
0.99 
0.98 
0.84 
0.87 
0.78 
0.81 
0.69 
0.74 
0.68 
0.66 
0.57 
0.59 
0.61 
0i51 
0.42 
0.42 
0.85 
0.84 
0.80 
0.29 
0.26 
0.26 
0.28 


97.97 
48.68 
86.46 
16.39 
19.64 
8.74 
8.14 

a7i 

6.25 

2.45 

2.62 

1.24 

1.67 

0.98 

1.23 

0.55 

0.87 

0.89 

0.54 

0.28 

0.35 

0.18 

0.19 

0.06 

0.09 

0.044 

0.087 

0.082 

0.019 

0.014 

0.0t2 

0.009 


TSbapM. 

T60 

5     X8 
4      X5 
4     .X3 

|«xsH 

13.6 
15.6 
9.8 
11.7 

tta 

8.5 
7.2 
4.9 
8.1 

A99 

it 

8.45 
8.48 
2.49 

1:2 

0.90 

0.76 

d!78 
1.06 
L32 
1.00 
0.97 
0.69 
0.54 

2.0 

10.7 

r.? 

5.8 
2.9 
1.8 
0.66 
0.23 

8L6 

T67 

n 

T61 

T  8 

1.89 

T72 

1.21 

T77 

0.98 

l^ 

0.64 

h 

' 

*  Special  sections.    tForM«iid&se«p.  892orp^804. 
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"t — ^w- 


w- 


flU 


-X--Y4 


^ 


w^ 


T 


Cm 


Maximum  and  Minimum  Weight  of  each  Section. 


17.58 

2.42 
2.50 
1.80 
1.88 
1.48 
1.56 
1.18 
1.24 
1.02 
1.08 
0.88 
0.93 
0.82 
0.85 
0.74 
0.78 
0.66 
0.70 
0.59 
0.62 
0.51 
0.54 
0.44 
0.46 
0.36 
0.88 
0.29 
0.31 
0.26 
0.26 
0.22 
0.28 

1.55 
1.58 
1.16 
1.19 
0.96 
0.99 
0.77 
0.79 
0.67 
0.69 
0.57 
0.50 
0.52 
0.55 
0.47 
0.49 
0.43 
0.44 
0.39 
0.40 
0.33 
0.85 
0.29 
0.80 
0.23 
0.25 
0.19 
0.20 
0.18 
0.19 
0.16 
0.17 

A  118 

8.87 

" 



A  108 

8.57 

A  86 

8.58 

A  88 

5.80 

A  94* 

2.42 

A  17* 

8.01 

1   

A  18 

1.29 

.......f.... 

A  90 

2.25 

A  26 

0.98 

A  99 

1.80 

A  84 

0.58 

A  40 

0.89 

A  41* 

0.48 

A  45* 

0.73 

A  46 

O.30 

1   

A  100 

0.68 

A  51* 

0.24 

A  101* 

0.40 

1 

A  56 

■  0.19 

A  60 

0.30 



A  61 

0.14 

A  65 

0.19 

A  66 

0  070 

A  102 

0.109 

A  70 

0.049 





A  73 

0.056 

1 

A  78 

0.031 

A  80 

0.033 

A  81* 

0.028 

A  82* 

0.024 

A  88 

0.017 

A  84 

Selected  Sections. 


1.18 
S.10 
0.88 
1.52 
1.94 
1.21 
0.87 
0.42 
0l19 


2.22 
1.41 
1.05 
1.08 
0.81 
0.62 
0.43 
0.80 
0.14 

0.82 
1.54 
0.86 
1.04 
1.23 
1.09 
ft.92 
0.68 
0.51 

1.19 
0.79 
0.88 
0.74 
0.50 
0.61 
0.5f 
048 
0.87 

12,560 
88,070 
9,430 
10,210 

20,650 
12.010 
9  280 
4  480 
2,050 


9,410 
24,800 
7,070 
12,160 
15,480 
9,680 
6,960 
8,860 
1,540 


*  Special  sections. 
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SEPABATOBS  FOR  I  BEAMS. 


CARNEGIE  STAlTDAItD  CAST  IRON  SEPAJBATORS  FOR 
I  BEAMS. 


Separators  for  18",  20"  and  24"  beams  are  made  of  %"  metal 
'  •  "    «"  to  16"  beams  are  made  of  >i"  metal.' 

"  **    0"  beams  and  under  are  made  of  %"  metal 


DESXOlTATXOir 

OF  Beam. 


Distances. 


2® 


S 


Bolts. 


Weights, 


Ins.  I  Lbs. 


Ins. 


Ins. 


In. 


Ins. 


Ins. 


Lbs. 


Lbs. 


Lbs 


Lbe. 


Separators  with  Two  Bolto. 


B  1 

B  2 

B  8 

B  80 

B  4 

B  6 

B  7 

B  8 

B  9 


24 
20 
20 
18 
15 
15 
15 
12 
12 


42. 
40. 
81.5 


6' 
6 


.250 


5.60 
8.10 
8.10 
2.75 
1.75 
1.75 
1.76 
1.50 
1.50 


Separators  wltb  One  Bolt. 


B  8 
B  9 
Bll 
B  13 
B  15 

B  17 
B  19 
B  21 
B  28 

B  77 


40.0 
81.5 
25.0 
21.0 
18.0 

15.0 
12.25 
9.75 
7.50 
6.60 


11^4 


V- 


i 


6 


% 


% 


1.49 
1.46 
1.40 
1.34 
1.28 

1.25 
1.22 
1.16 
1.18 
0.70 


.125 


yCOOgll 


1.60 
1.50 
1.25 
1.20 
1.00 

.76 
.60 
.60 
.40 
.26 
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CARXEOIE  STEEIi  Z-BAR 

coi^uBiirs 

T»I>1«  9t  dlmensionn,  in  inches. 

;, -H- 

, ^ 

Diameter  o 
ret  -  fi  inc 

^  (.1 

f  bolt  or     if 

h,                 i. 

*«    ' 

r^ir*V-s- 

t^  i 

ri' 

1^ 

if 

-■J 

"y~        For  area  of  sectioiif 
J       weight  per  yard,  least 
1        radius  of  gyration  and 

-f -« 

^ 

ii  ,1 

k 

r« 

^^TU    i..    safe  load, 

see  tables,  pp» 

-i— tl= 

^Sv 

^:T 

902  and  903. 

k-o- 

'h — 

■c — ^ 

c       *, 

ThlckneM 

See  figure  above. 

'U«' 

i 

of 
Metal. 

^ 

B 

c 

D 

E 

F 

G 

H 

I 

i 

1 

12A 

^ 

5A 

2J 

2i 

2H 

Si 

H 

1 

12| 

3^ 

5A 

2- 

2 

24 

8 

3 

12A 

3A 

•5ft 

2 

2 

8:- 

8 

3 

12} 

3»j 

5ft 

2; 

2. 
2 

i- 

2 

3 

fl 

) 

12 

3} 
3H 

S 

2^ 

'4 

8 

3 
3 

i 

i 

Hi 

4i 
4j'i 

ti 

3} 

31 

3 
3 

1} 

i!^ 

9 

4  . 

E 

f  . 

14H 

4A 

It 

3} 

3 

3ft 

9r 

9 

4  ; 

1 

1 1 

A 

14^ 

4?i 

3| 

3 

IJ 

if- 

4A 

1 

i 

14^ 

4^ 

^l 

^i 

3 

i  ■ 

9 

4A 

p 

A 

14} 
14} 

4fi 

S| 

3: 

3 

3ft 

8| 

4H 

J 

4A 

5ii 

H 

3 

It 

8: 

ii 

14?5 

14| 

4tI 

5H 

H 

3 

If 

8 

t 

^ 

5H 

H 

3 

If 

3A 

8- 

4 

J 

A 

16i 

5/i 

tii^ 

3 

H 

1} 

3^ 

10| 

5^ 

0 

1 

16A 

5i 

6t^^ 

3j 

31 

If 

3A 

10 

^A 

S 

t's 

16| 

5ii 

ef 

^ 

3f 

1  7 

3| 

n 

5i 

?T 

p 
5 

i 

]6| 

5i 

H 

H 

H 

9i 

5 

§ 

A 

16/j 

5H 

H 

H 

H 

3A 

9? 

5 

ifl 

f 

16i 

5A 

^ 

3i 

3? 

l| 

3| 

H 

5 

s 

a 

16A 

5ii 

6iV 

3i 

H 

l| 

3| 

9- 

5 

"1 

i 

16i 

5/. 

6i^ 

3i 

H 

3A 

9? 

5 

1 

9 

a 

16A 

5M 

6A 

3i 

3t 

If 

3| 

9i 

5 

1 

m 

i 

181 

6A 

7i 

4 

4 

2 

3i 

Hi 

6 

fl 

A 

ISil 

6/1 

7^ 

4 

4 

2 

3A 

Hi 

6 

s 

1 

19 

S| 

7i 

4 

4 

2 

31 

11 

6^ 

0 

A 

18tJ 

6/. 

6H 

4 

4 

2 

3i 

10| 

6^ 

t 

f 

18| 

6f 

6tI 

4 

4 

2 

10| 

6f . 

« 

H 

18|? 

6,i 

m 

4 

4 

2 

3|^ 

101 

6f 

g 

t 

18/, 

6| 

6i 

4 

4 

2 

3i 

lOj 

6 

if 

18| 

6H 

6} 

4 

4 

2 

3A 

lOf 

s_ 

i 

18H 

6A 

6| 

4 

4 

2 

^3f 

IPL 

7 

D 

gitized  by' 
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ZBAR  COLUMNS. 


CABirS«IE  STEEIi  Z-BAB  COIiUSOTS. 

Table  of  Safe  liOads  as  given  by  Carnegie  Steel  Co.,  for  columns  with 
square  ends.  Safety  factor  —  4.  The  loads  given  are  based  upon  the  following 
allowed  strains  in  pounds  per  square  inch  : 

Each  Z-bar  column  is  made  up  of  four  Z-bars  and  one  web-plate  (all  of  uni- 
form thickness)  bolted  or  riveted  together,  as  shown  in  the  figure  on  page  901. 

6*ineli  Steel  Z-bar  ColnmnB. 

Composed  of  four  Z-bars  about  3  inches  deep  and  one  web-plate  5^  inehee  wid« 


Thickness  of  metal,) 
inch.         / 

i 

A 

f 

A 

i 

A 

Area  of  section,  sq. ) 
ins.          / 

9.31 

11.7 

13.6 

16.0 

17.6 

20.0 

Weight  per  yard,) 
pounds.       ) 

95.1 

119.4 

138.6 

162.9 

179.7 

203.7 

Least  rad  of  gyr,  ) 
inches.        j 

1.86 

1.90 

1.88 

1.93 

IJO 

1.95 

Length  of  column. 
Feet. 

Safe  load  of  column,  in  pounds. 

12  or  less. 

14 

16 

18 

20 

22 
•  24 

26 

28 

30 

111800 
111400 
104600 
D7600 
90800 
84000 
77200 
70400 
63400 
66600 

140600 
140600 
133000 
124600 
116200 
107800 
99400 
910(»0 
82600 
74200 

163200 
163200 
153200 
143400 
133400 
123600 
1138W^ 
103800 
94000 
84000* 

191600 
191600 
182800 
171200 
159800 
148800 
137200 
126000 
114600 
108400 

211400 
211400 
199800 
187200 
174400 
161800 
149200 
136400 
123800 
UIOOO 

239600 

239600 

229600 

216600 

201600 

187600 

173600  • 

159600 

145600 

131600 

8*lacb  Z*bar  Colnmns. 

Composed  of  four  Z-bars  about  4  inches  deep  and  one  web-plate  6^  inches  wide. 


Thicknessof  metal, ) 
inch.         ; 

i 

A 

f 

A 

i 

A 

* 

H 

f 

Area  of  section,  sq. ) 
ins.          J 

11.3 

14.1 

17.1 

19.0 

21.9 

24.8 

C^C 

29.0 

31.9 

Weight  per  yard,) 
pounds.       j 

114.9 

144.3 

174.D 

194.1 

221.1 

252.3 

267.6 

296.4 

825.2 

Least  rad  of  gyr,) 
inches.        / 

2.47 

2.52 

2.57 

2.49 

2.55 

2.60 

2.62 

2.68 

2.63 

Length  of  column. 
Feet. 

Safe  load  of  column,  in  pounds. 

18  or  leas. 
20 
22 
24 
26 
28 
30 
32 
34 
36 
88 
40 

135000 
130000 
123800 
117600 
111400 
105200 
98800 
92600 
86400 
80200 
74000 
67800 

169600 
165000 
157400 
149600 
142000 
134200 
126600 
119000 
111200 
103600 
96000 
88200 

204800 
201000 
191800 
182600 
173600 
164600 
155400 
146400 
137400 
128200 
119200 
110000 

228400 
221000 
210600 
200200 
189600 
179200 
168800 
158400 
148000 
137400 
127000 
116600 

262400 
256400 
244800 
233000 
221200 
209400 
197600 

174200 

150600 
139000 

297000 
292800 
279800 
266800 
253800 
240600 
227800 
214660 
201600 
188600 
175600 
162600 

315000 
306600 
292400 
278200 
264000 
249600 
236400 
221200 
207000 
192800 
178800 
164400 

348600 
342600 
327000 
311600 
296200 
280800 
265400 
250000 
234600 
219200 
203800 
188400 

382400 
379200 
362600 
346000 
329400 
312800 
296400 
279800 
263200 
246600 
280000 
218400 
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Z-BAR  CX>LUMNS. 


Table  of  S»ffe  li<MMlfl  (ooottnued). 

lO-ineti  Steel  Z-bar  Coiamnfl. 

Composed  of  four  Z-bar^  uluui  J  int-Lei  d-tp  and  uue  web-plate  7  inches  wide. 


Thiekness  of  metal,  >  I     5 
inch.      /     TS 


H 


H 


Area  of  section,  sq.  1 
ins. [ 


Weight  per    yard,) 
pounds. j 


Least  rad  of  gyr, 
inches. 


15.8 


19.0 


22.8 


27.7 


80.9 


35.8 


39.0 


161.1 


282.6 


315.6 


330.0 


397.8 


3.08      3.13      3.18      3.10      3.15      3.21       3.13      3.18      3.25 


Length  of  column. 
Feet. 


Safe  load  of  column*  in  pounds. 


22  or  less. 
24 
26 
28 
80 
82 

i  ^ 

86  . 
'  88 
I  40 

42 
I  44 
'  4$ 

48 

50 


189400;228400! 
1856001225200! 
17860012172001 
171600  208800 
16460<J  200400J 
157600  1 922001 
1506001838001 
143600  1756001 
136600167200! 
1296001588001 
122600  1506001 
115400142200 
108400134000' 
101400  125600; 
944001172001 


|267800'294000  332400 
266200  289200  329600 
25660O!278400|317400 
;247000|267600l305400 
237400 


1227600 
:218200 
208600 
199000 
189400 
179800 
170200 
160600 
151000 
141400 


371 2001392000 1429800 
370600;  387200 1 427800 
357400  373000  412400 

. „...^..,  344200  a58600  397000 

256800;293400  331 000 '344400 1 38 1600 
246000i281400  317800  330000  366200 
2a520O|269400i30460O  XI 5800  350800 
224400  257400  29 1 400  :^0 1400. 335600 
2 13600J245400  278200  2872001 320000 
273000  304600 
258800 1 289200 
244400  273800 


202800.233400  265000 
192000  221 200|251800 
181200  209200!  238600 
170400  1972001225400 
159600  185200i212200 
148800'173200!]99000 


230200 
215800 
201600 


268400 
243000 
227600 


468000 
468000 
453200 
436800 
420400 
404000 
387600 
371200 
354800 
338200 
321800 
305400 
289000 
272600 
256200 


IS-incli  Steel  Z-bar  Colamns. 

Composed  of  four  Z-bars  about  6  inches  deep  and  one  web-plate  8  inches  wide. 

Thickness  of  metal,  >  1      3 
inch.                     ;  1     t 

A 

i 

A 

1 

H 

f 

if 

i 

Area  of  section,  sq.  1 
ins.                       J 

21.4 

25.0 

28,8 

81.2 

34.8 

38.5 

40.5 

44.1 

47.7 

Weight  per  yard,)    gig  1 
pounds.                1  ^^^-^ 

256.6 

293.4 

318.6 

355.5 

392.7 

413.4 

449,7 

486.8 

Least  rad  of  gyr, )       sc- 
inches.             7!    3-^^ 

3.72 

3.77 

3.70 

3.75 

3.73 

3.68 

3.66 

3.64 

Length  of  column. 

Feet. 

Safe  load  of  column,  it)  pounds. 

26  or  less. 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 

256600 
254000 
246000 
238000 
230200 
222200 
214200 
206200 
198200 
190200 
182400 
174400 
166400 

300600 
299400 
290200 
281000 
271800 
262600 
25.3400 
244200 
235000 
225800 
216600 
207200 
198200 

345200 
345000 
385200 
324H00 
314400 
304000 
293600 
28.3000 
272600 
262200 
252400 
241400 
231000 

374600 
372000 
360400 
349000 
337400 
325800 
314200 
302800 
291000 
279600 
268000 
256400 
244800 

418200 
417800 
405000 
392200 
37%00 
366800 
354000 
341400 
328800 
316000 
303200 
290600 
277800 

462000 
460600 
446600 
432600. 
4184001 
4042001 
390200' 
376000 
361800 
347800, 
333600 
SI 96001 
305400i 

486000 
481600 
466400 
451400 
436400 
4212001 
406200J 
3912001 
S76000 
^61000 
^45800 
S30300 
il5800 

529000 
522800 
506400 
490000. 
473400 
456800, 
440400 
423800 
407400 
S91000 
S74400i 
■158000! 
341400 

572200 
564200 
546400 
528400 
510400 
492600 
474600 
456600 
488800 
420800 
402800 
384800 
367000 

For  loads  (|rrcA^>*  than  those  ffiven  in  the  tables,  the  Z-bar 
columns  may  be  re-enforced  by  additionaiplates,  riveted  to  the  flanges.  The 
addition  of  such  plates  does  not  in  any  case  diminish  the  least  radius  of  gyra- 
tion. Hence  the  same  load  per  square  inch  of  cross-gection  mayHbe  used.^ 

igitizedby  VJOO52IC 


904 


PHCENIX   COLUMNS. 


TAble  of  voUed-lron  •evment-eolamiui  of  ttie  Ptaaentz 
Iron  Co,  410  Walnut  St,  Phil«da. 


The  dimensions  givea 
are  subject  to  slight  Tariations  which  are  unaToidable 
in  rolling  iron  shapes.  The  weigrhts  of  columns  giren 
are  those  of  the  4,  6,  or  8  segments,  of  which  they  are 
composed.  The  $hanks  of  the  rivets  used  in  joining  them 
together,  of  course,  merely  make  up  the  quantity  of  metal 
punched  or  drilled  out,  in  making  the  holes ;  but  the  rivet* 
hmds  add  from  2  to  5  per  cent  to  the  weights  given.  The 
rivets  are  spaeed  3, 4,  or  6  ins  apart  from  cen  to 
cen. 


Any  desired  tihielcness  between  the  minimum 
and  maximum  for  any  given  size,  can  be  furnished. 
{  We  give  the  dimensions,  weights,  &c,  corresponding  t» 
'  the  principal  thicknesses.  G  columns  have  8  segment^ 
£,  6  segments.    All  others,  4  segments. 


A 

Uiameters,in8. 

One  coluni 

Q. 

Size  of 

Area 

Wtper 

ft  ruD, 

lbs. 

d 

D 

B/ 

of  cross 

sec, 
sq  ins. 

radof 

Rivets. 

P 

rs 

4 

6i^ 

3,8 

4.8 

12.6 
16. 

1.45 

1.50 

" 

X 

u 

6A 

5.8 

19.3 

1.55 

t« 

% 

" 

^TB 

6.8 

22.6 

1.B9 

i 

^ 

3 

1 

6.4 

9,2 
12. 

21.3 
30.6 

40. 

1.92 
2.02 
2.11 

i||x  *^ 

igx  - 

** 

/€ 

" 

6^ 

14.8 

49.3 

2.20 

B« 

i 

HI 

*^ 

7.4 

24.6 

2.34 

IzH  X  " 

** 

1 

10.6 

35.3 

2.43 

33^  X  " 

*' 

7* 

'* 

^1 

13.8 

46. 

2.52 

l?a  X  " 

'* 

" 

It 

17. 

66.6 

2.61 

2I4  X  " 

C 

JA 

iiA 

10. 

33.3 

2.80 

Vix% 

*' 

8A 

iiH 

18, 

60. 

2.98 

2gx  *' 

mxH 

*• 

" 

8H 

12A 

26.2 

84. 

3,16 

** 

I 

u 

Ilk 

12^8 

33.2 

110.6 

3.34 

3      X  " 

u 

1 

u 

12II 

41.2 

137.3 

3.52 

31^  X" 

s 

11 

15j| 

16,a 

fiC, 

4.18 

2    X ;; 

'* 

•* 

12  '^ 

26.4 

88, 

4.36 

'* 

M 

12K 

37.8 

126. 

4.56 

2?a  X  *' 

** 

1 

*< 

13 

48.8 

166, 

4.73 

3      X  " 

" 

^H 

U 

131^ 

1^ 

61.8 

206. 

4.91 

^dX  '' 

G 

1^ 

14% 

15 

24. 

80. 

6.46 

"' 

16% 

1»|| 

36. 
62. 

68. 

120. 

173.3 
226.6 

5.59 

6.77 
5.95 

" 

m 

" 

17}^ 

21 

•2. 

306.6 

6.23 

3%X" 
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THE  ORAT  COI^ITlDr. 

The  Oni7  Colnmn,  designed  and  patented  by  BCr.  J.  H.  Qrar,  consiBts, 
in  its  original  form,  of  angles,  connected  at  intervals  D  (generally  of  2  ft  6  ins) 
br  transverse  bent  tie-plates  T,  usually  9  >C%  ins.  This  construction  renders 
the  parts  of  the  column  easily  accessible,  for  painting,  etc.,  but  under  trans- 
verse or  bucklinff  stresses  the  column  must  act  somewhat  like  a  rectangular 
frame  without  diagonals.  To  remedy  this,  a  later  form,  the  "twelve-angle" 
column,  Fig  9,  has  oeen  designed,  bavine,  in  the  square  column.  Figs  1  and  2, 
'     * "  *  aitional  angles,  running  longitudinally 


instead  of  the  bent  tie-plates  T,  four  addit 
like  the  others,  and  placed  centrally,  as  shown, 
with  two  webs,  intersecting  at  right  angles. 


These  angles  supply  the  column 


Figs  1  and  2  show  the  square  column,  used  in  the  interior  of  buildings.  It  is 
used  chiefly  in  the  14, 15,  and  16  inch  sizes.  Fig  2  shows  plates  riveted  to  the 
outer  flanges,  as  is  done  in  some  of  the  heaviest  columns.  Figs  8  and  4  show  the 
wall  and  corner  columns  respectively.  Fig  6  shows  the  '*  twelve-angle"  column, 
and  Fig  6  one  of  many  forms  of  fi reproofing,  with  plaster  laid  on  terra  cotta 
blocks.    The  rivets  are  usually  %  inch  in  diameter. 

The  safe  load,  in  pounds  per  sq  inch,  of  the  ordinary  oolomn,  Is  stated  as 

17,100  —  57  -,  where  L «-  length  of  column  and  r  »-  its  least  rad  of  gyration. 

The  cost  of  the  Ghray  column,  at  shop,  is  from  1  to  1.5  cents  per  lb  plus  the 
Mst  of  the  angles. 


Fiir-4. 
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Oray  Colamn.    ] 

List  of  Seleeted  tSiseiU 

Size 
S 

Angles 
ins. 

am« 

sq  in. 

I 

Mom 
of  in. 

r 

LeMi 

rad. 

of  gyr. 

ins. 

r« 

Safe  loads*  for 

column  lengths 

of 

ins. 

12  ft    1  Mft. 

Square  Ck»liimiis.    Fias.  1  and  : 


2     X  2>^  X 

2  X3  X  ra 
2KX2>^X  }| 
2>|X3  X  g 
3X3     V   8^ 

3  X5 
3     X3 
3     X5 
3     X3 
3     X^HX 
3     X4     X 
3     X5     X    r« 
3}iX3HX   Jl 
3KX6     X   *>2 
3>JX6     X 

3  X»  X 
3H  X  3>^  X 
8>JX«     X 

4  X4  X 
4 
4 
3 
4 
4 
3 
4 
6 
4 
6 
5 
6 


&4S 

64 

2.7 

7.3 

115 

18.00 

119 

2.6 

6.8 

250 

9.52 

95 

3.1 

9.6 

135 

20.00 

179 

3.0 

9.0 

iss 

16.88 

241 

3.8 

14.4 

250 

80.00 

327 

3.3 

10.9 

435 

16.88 

285 

4.1 

16.8 

255 

43.52 

552 

3.6 

13.0 

645 

16.88 

336 

4.5 

20.2 

256 

29.36 

526 

4.3 

18.5 

445 

26.00 

444 

4.2  . 

17.6 

390 

30.00 

463 

4.0 

16.0 

450 

31.92 

697 

4.4 

19.4 

485 

39.36 

624 

4.0 

16.0 

590 

36.00 

526 

3.8 

14.4 

635 

22.00 

496 

4.8 

2a.  0 

835 

31.92 

693 

4.7 

22.1 

490 

39.86 

781 

4.4 

19.4 

GOO 

30.00 

653 

4.7 

22.1 

440 

41.84 

817 

4.4 

19.4 

635 

46.88 

828 

4.2 

17.6 

710 

22.00 

570 

5.1 

26.0 

840 

36.88 

912 

5.0 

25.0 

670 

65.52 

1134 

4.6 

21.2 

850 

22.60 

746 

5.8 

88.6 

846 

36.88 

1182 

5.7 

82.5 

5T5 

46.88 

1465 

6.6 

81.4 

730 

86.88 

1485 

6.4 

41.0 

580 

67.52 

2588 

6.2 

88.4 

1066 

41.80 

4147 

9.9 

98.0 

680 

264.40 

22688 

9.2 

84.6 

4285 

Wall  Columns.    Fio.  3. 


8     X4     X    f^ 
8>^X5      X    % 


14.88 

94 

2.5 

6.2 

205 

18.00 

160 

3.0 

9.0 

265 

29.52 

241 

2.9 

8.4 

420 

21.00 

217 

3.3 

10.9 

305 

3i.;» 

317 

3.2 

10.2 

455 

16.50 

200 

3.5 

12.2 

240 

30.16 

875 

3.8 

10.9 

610 

27.66 

434 

4.0 

16.0 

415 

31.38 

562 

4.2 

17.6 

475 

31.38 

1408 

6.8 

46.2 

495 

198.30 

8937 

6.7 

44.9 

8150 

Corner  Columns.    Fig. 

4. 

12>i) 
13     / 

13  1 

14  / 

3HX33^X  H 

3HX3KX    % 
4X6X5^ 

28.48 
15.75 

24.91 

272 
288 

425 

3.4 
4.3 

4.2 

11.6 
18.5 

17.6 

345 
240 

m 

260 
196 

806 

*  In  thousands  of  lbs,  by  formula;    Safe  load  =  17100  —  57  —  in  9)8  per  sq  in. 
t  Three  1-in  plates  riveted  to  each  pair  of  angles.    Fig.  2. 
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TAWLE  OF  B1I£AKIW«  IiOAlM  OF  IBOIT  PIl4l«Am, 

in  tons  pei*  square  iBeh  of  netal  area.  Dednood  from  €k>rdoa.  The  ends  are 
supposed  to  be  planed  to  form  perfectly  true  bearings ;  and  all  parts  to  be  equally 
pressed.    The  last  is  rarely  the  case  in  practice.    If  the  pillar  Is  r^eUtngWk' 


lar  instead  of  square,  use  tbe  lewit  side  for  a  meastire  of  Mngth. 


(Original.) 


KoUew 

Hollow 

Stolid 

fik»Ud 

Round. 

Square. 

Round. 

Square. 

meacd 

Length 
measd 

" 

Breaks  loads  per 
M  iB«h  of  metal 

iQ  fides 

T^ 

loads  per 

Breaks  loads  per 

in  sides 

Breakg  loads  ptt 

or 

of  metal 

sq  incb  of  metal 

or 

sq  Inch  of  metal 

area  of 

dianu. 

area  of 

area  of 

dtaiuB. 

area  of 

trcniTerse  Motion. 

transverse  Beclion. 

traMverse  seottoo. 

Cast. 

Wrt. 

Cast. 

Wrt. 

Cast. 

Wrt. 

Cast. 

Wrt. 

Toot. 

Tons. 

ToO«. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

85.7 

16.1 

86;T 

16.0 

85.6 

16.1 

1 

85.6 

16.1 

85.6 

16.1 

35.6 

16.0 

85.2 

16.1 

2 

86.4 

16.0 

86.8 

16.1 

35.8 

16.0 

84.6 

16.0 

8 

84.9 

16.0 

84.8 

16.0 

35.0 

16.0 

83.9 

15.9 

4 

84.8 

16.6 

84.8 

16.0 

8«.6 

16.0 

88.0 

16.9 

6 

88.6 

16.0 

88.7 

16.0 

84.8 

16.0     , 

81.9 

16.8 

6 

8S.8 

16.9 

88U> 

15.9 

88.T 

16.0 

80.6 

16.7 

7 

81.8 

16.8 

8S.8 

15.8 

88.1 

15.9 

29.8 

16.6 

8 

80.8 

16.7 

81.5 

15.8 

88.4 

15.9 

28.0 

15.5 

9 

39.7 

16.7 

80.6 

15.7 

10 

81.T 

15.8 

26.7 

15.4 

10 

28.6 

16.6 

».7 

15.6 

11 

81.0 

15.8 

25.4 

16.2 

11 

37.4 

16.6 

88.8 

15.6 

18 

80.8 

15.7 

24.1 

15.1 

13 

26.8 

15.» 

87.9 

15.6 

It 

29.5 

15.7 

22.8 

14.9 

18 

28.1 

16.9 

87.0 

15.4 

14 

28.7 

15.6 

21.6 

14.8 

14 

34.9 

15.1 

86.0 

15.3 

15 

27.9 

15.3 

20.5 

14.6 

15 

83.9 

16.0 

85.1 

15.2 

16 

27.1 

15.5 

19.4 

14.4 

16 

81.8 

14.8 

84.2 

15.1 

17 

26.8 

15.4 

18.8 

14.8 

17 

80.7 

14.7 

86.8 

15.0 

18 

25.4 

15.3 

17.2 

14.0 

18 

19.7 

14.6 

88.8 

14.9 

19 

24.6 

15.2 

16.2 

18.8 

19 

18.8 

14.8 

81.4 

14.8 

99 

28.8 

15.1 

15.8 

18.6 

20 

17.9 

14.8 

80.6 

14.7 

81 

88.0 

15.0 

14.5 

1S.4 

21 

17.0 

14.0 

19.8 

14.6 

88 

23.8 

14.9 

18.7 

18.2 

28 

16.3 

13.8 

19.0 

14.4 

88 

31.6 

U.8 

12.9 

18.0 

88 

16.4 

18.6 

18.8 

14.8 

84 

20.8 

14.7 

12.2 

12.8 

24 

14.6 

13.5 

17.6 

14.2 

85 

80.1 

14.6 

11.6 

12.6 

85 

8.9 

18.3 

16.8 

14.0 

26 

19.4 

14.6 

11.0 

13.4 

26 

8.8 

18.1 

16.8 

13.9 

27 

18.7 

14.4 

10.4 

12.1 

27 

8.7 

12.9 

16.6 

18.7 

28 

180 

14.3 

9.90 

11.9 

28 

12.1 

12.7 

14.0 

13.5 

29 

17.4 

14.2 

9.41 

11.7 

29 

11.6 

12.6 

14.3 

13.4 

80 

16.8 

14.0 

8.93 

11.5 

SO 

11.0 

12.4 

18.8 

U.2 

81 

16.8 

13.9 

8.80 

11.3 

81 

10.5 

12.2 

13.2 

13.1 

89 

15.7 

13.8 

&I0 

11.1 

12 

10.0 

12.0 

12.7 

12.9 

83 

15.2 

13.6 

7.70 

10.8 

38 

9.69 

11.8 

12.8  • 

12.8 

84 

14.6 

13.6 

7.96 

10.6 

84 

9.18 

11.6 

11.7 

12.6 

36 

14.1 

13.3 

7.04 

10.4 

86 

8.79 

11.4 

11.3 

12.5 

86 

13.6 

13.2 

6.71 

10.2 

86 

8.42 

11.2 

10.9 

12.3 

37 

13.3 

13.1 

6.«1 

10.0 

87 

8.07 

11.0 

10.5 

12.2 

38 

12.7 

13.0 

6.11 

9.79 

38 

7.76 

10.8 

10.1 

12.0 

39 

12.3 

12.9 

5.85 

9.69 

39 

7.44 

10.7 

9.76 

11.9 

40 

11.9 

l'i.7 

5.62 

9.89 

40 

7.14 

10.5 

io.i 

9.40 

11.7 

41 

11.5 

i^.ii 

6.40 

9.20 

41 

6.86 

9.07 

11.6 

-*8 

11. 1 

12.4 

6.19 

9.00 

42 

6.60 

10.1 

&76 

11.4 

'43 

10.8 

12.8 

4.99 

8.81 

43 

6.36 

9.95 

&46 

11.8 

44 

10.4 

12.2 

4.79 

8.64 

44 

6.11 

9.7t 

&16 

11.1 

45 

10.1 

12.0 

4.59 

8.46 

45 

5.89 

9.5» 

7.88 

10.9 

46 

9.80 

11.9 

4.«2 

8.27 

46 

5.68 

9.43 

7.61 

10.8 

47 

9.50 

11.7 

4.26 

8.10 

47 

5.48 

9.25 

7.86 

10.6 

n 

9.20 

11.6 

4.11 

7.9* 

48 

6.28 

9.09 

7.18 

10.4 

8.94 

11.4 

3.97 

7.76 

49 

5.10 

8.93 

6.01 

10.3 

60 

8.66 

11.3 

3.84 

7.00 

60 

4.92 

8.77 

5.90 

9.61 

55 

7.47 

10.7 

3.22 

6.86 

55 

4.16 

8.00 

5.10 

8.92 

60 

6.49 

10.0 

2.75 

6.18 

60 

8.57 

7.80 

4.44 

8.29 

65 

5.68 

9.48 

2.37 

5.59 

65 

8.09 

6.67 

8.90 

7.69 

70 

5.01 

8.84 

2.06 

5.06 

70 

2.70 

V£ 

8.44 

7.14 

75 

4.U 

8.30 

1.80 

4.59 

76 

2.37 

8.08 

6.64 

80 

3.97 

7.77 

1.59 

4.18 

80 

2.10 

5.18 

a;46 

5.73 

90 

3.21 

6.88 

1.27 

3.49 

90 

1.68 

4.84 

&02 

4.99 

100 

2.65 

6.02 

1.04 

2.96 

100 

1.37 

3.71 

y  Google 
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STBENaXH  OF  IRON  PILLAB& 


BreaklniT  IomU,  flat  ends,  perfectly  trae,wncl  flrmljr  fixed  f 
and  the  loads  preaslnfr  eqnally  on  OTery  ]»art  of  ine  to|i. 

By  Oordon's  formula. 
For  dlams  or  lenf^tlis  Intermediate  of  ttaoee  in  the  table,  the 

locda  may  be  foaod  near  enough  by  simple  proportion. 

For  tlilcknessefi  less  than  those  in  the  table,  the  breaking  loads 
may  mMt  be  atmmed  to  dlminUh  In  the  tame  proportion  m  the  thloknen,  while  the  oater  dlam 
remain!  the  lame.  Bat  for  greater  tblokneMcs  than  thoM  In  the  table,  the  loada  do  not  inoreaae 
as  rapidly  as  the  new  thlokneta.    Still,  In  praetiee,  th^  may  be  aaenmed  to  do  ae  approximately, 

if  tne  new  thlehness  does  not  exeeed  abont  ^  part  of  the 
•nter  dlam. 


s 

CAST  IKON. 

THICKNESS  H  INCH.    (Original.) 

a 

¥ 

Outer  Diazneter  In  inohea. 

u 

2 

t 

2H 

2J<    J 

m 

3 

3M     ,       4       , 

4K 

5 

iH 

6 

JS 

Tods. 

ToQB. 

Tods. 

Ton*. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

45.3 

62.5 

69.8 

66.8 

74.1 

88.6 

108.0 

117.1 

131.8 

145.5 

169.8 

36.2 

43.4 

61.0 

58.6 

66.6 

81.5 

96.7 

111.3 

126.9 

140.5 

156.2 

37.2 

34.1 

41.4 

48.8 

56.7 

7l.» 

87.6 

103.7 

117.8 

132.9 

148.1 

20.2 

2«.3 

32.9 

39.7 

47.0 

61.9 

77.5 

93.9 

108.8 

123.7 

139.1 

15.1 

30.2 

35.9 

32.0 

38.6 

62.6 

67.4 

82.6 

97.9 

113.4 

129.1 

11.6 

15.8 

20.7 

26.9 

31.6 

44.3 

58.2 

73.T 

87.T 

103.0 

118.7 

9.1 

12.5 

16.6 

21.0 

26.1 

87.4 

50.1 

6S.T 

78.1 

92.9 

108.3 

7.3 

10.1 

13.5 

17.3 

21.7 

81.6 

43.3 

65.8 

69.3 

83.4 

98.4 

6.9 

8.3 

11.1 

14.8 

18.3 

26.9 

87.8 

48.8 

61.6 

74.9 

89.3 

4.9 

6.9 

9.8 

13.0 

15.4 

23.1 

82.4 

42.9 

64.6 

67.1 

80.7 

4.1 

6.8 

7.9 

10.8 

13.3 

20.0 

M.3 

37.8 

48.6 

60.3 

78.0 

3.5 

6.0 

6.8 

8.9 

11.4 

17.4 

24.9 

38.5 

43.3 

64.2 

66.1 

3.0 

4.2 

5.8 

7.6 

9.9 

152 

21.9 

29.7 

88.8 

48.8 

60.0 

2.« 

8.6 

5.1 

6.7 

8.7 

13.5 

19.6 

26.6 

34.9 

44.1 

54.5 

2.3 

8.2 

4.5 

0.0 

7.T 

11.9 

17.4 

23.9 

31.4 

39.9 

49.7 

2.0 

3.8 

4.0 

5.3 

6.9 

10  7 

15.6 

21.5 

28.4 

86.4 

46.6 

18 

1.6 

2.3 

3.3 

4.2 

6.5 

8.6 

12.7 

17.6 

23.4 

30.3 

88.0 

ao 

1.3 

1.8 

3.6 

8.4 

4.6 

7.1 

10.5 

14.7 

19.7 

36.6 

32.8 

36 

1.7 

3.8 

8.0 

4.T 

7.0 

9.8 

138 

17.6 

32.5 

30 

1.3 

1.6 

3.1 

8.2 

6-0 

7.0 

9.4 

12.6 

16.1 

BO 

36 

1.6 

2.4 

8.7 

6.2 

7.1 

9.4 

12.2 

(6 

40 

1.2 

1.9 

2.8 

4.0 

6.4 

7.2 

9.6 

40 

Weight  of  I  foot  of  lexiffth  of  pillar  in  poonda. 
iJl  I     i.91  I     6.S»  I   6.18    I     6.76  |     T.97  |     9.32  |   10.4    |    11.7    |    13.9   |    14.1 

rinc  of  aolid  metal  In  aatuure  inohea. 

IM  i     a.16  I     8.66  I     3.96  |     i.U  |     8.78 1     4.18  |     AM 


IM I     1.5T 


Area  of 


^.T 

OASTIBON 

.     THICKiraSB  M  IKOH.   (Original.) 

V 

!^ 

Onter  Diameter  in  inohea. 

2 

6 

6X 

6 

6H 

T 

1H 

8 

BH 

9 

10 

11 

18 

^ 

Tons. 

Tone. 

Tone. 

Tons. 

Tons. 

Tone. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

8 

8S» 

868 

397 

836 

854 

888 

418 

440 

468 

686 

583 

640 

8 

4 

906 

886 

266 

896 

886 

S66 

887 

416 

445 

604 

668 

688 

4 

6 

106 

196 

227 

267 

388 

818 

860 

880 

410 

471 

583 

688 

« 

8 

181 

169 

188 

318 

348 

379 

810 

840 

871 

488* 

484 

557 

8 

10 

108 

127 

164 

183 

310 

340 

870 

800 

880 

881 

464 

517 

10 

18 

88 

108 

186 

161 

177 

806 

288 

368 

388 

861 

418 

476 

18 

14 

06 

84 

104 

186 

148 

174 

900 

227 

866 

818 

872 

484 

14 

16 

64 

69 

87 

106 

186 

148 

178 

188 

834 

877 

884 

884 

16 

18 

45 

68 

78 

90 

108 

138 

140 

172 

186 

846 

800 

857 

18 

80 

87 

48 

63 

77 

98 

111 

130 

161 

178 

318 

870 

888 

80 

88 

82 

41 

58 

66 

80 

86 

118 

183 

161 

184 

341 

888 

88 

86 

86 

84 

4S 

64 

66 

78 

88 

108 

136 

164 

806 

868 

86 

SO 

18 

34 

81 

88 

48 

68 

70 

88 

86 

186 

160 

189 

ao 

86 

IS 

18 

34 

80 

86 

44 

58 

68 

78 

88 

186 

M8 

86 

40 

10 

14 

18 

88 

88 

36 

48 

50 

68 

78 

108 

188 

40 

46 

11 

16 

19 

88 

38 

84 

41 

48 

64 

84 

107 

4ft 

60 

• 

12 

16 

18 

33 

88 

88 

88 

58 

70 

88 

60 

60 

6 

9 

11 

14 

17 

90 

84 

88 

18 

60 

65 

n 

70 

4 

6 

8 

10 

13 

15 

18 

31 

88 

88 

50 

80 

4 

6 

6 

8 

8 

11 

18 

16 

88 

80 

88 

80 

Weiffht  of  I  foot  of  length  of  pillar,  in  ponnda. 

32.1  I    84.5   I  27jir  I   38.4    |    31.8  |    84.4  |    86.9    |    89.4  |   41.8  |  46.6  |  51.6  |    56.6 

Area  of  ring  of  aolid  metal,  in  aquare  inohea. 
7.07  (    7.86    .   8.64   |    9.48r  103   I    ".0   |    11.8       12.6  j   18.4  |   14.8  !  f*A  |    18.1 


8TBEKGTH  OF  IBOK  PIIIiASB. 


909 


IMMe  1.    KOIiliOW  CTUITD  CAST  IROM  PIIAABS. 

BREAKING  LOADS.~(Continiiecl.)  Br  Qoboon's  Bulb. 


* 

CASTIBON.  THICKNB8S  I  nrOH.  (Original.) 

a 

in 

Outer  Diameter  In  Znohee. 

!' 

1 

18 

18 

14 

15 

16 

18 

» 

S3 

24 

87 

80 

86 

Toni. 

Tom. 

TODI. 

Tons. 

Tons. 

Tom. 

Tom. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

4 

1188 

1801 

1415 

1530 

1645 

1874 

nos 

8880 

2667 

2896 

8236 

8916 

4 

6 

1138 

1253 

1368 

1484 

1601 

1838 

9066 

3386 

2625 

2t««6 

8208 

3890 

6 

8 

1065 

1184 

1803 

1423 

1543 

1779 

3015 

3247 

2479 

2824 

8170 

8860 

8 

10 

960 

1110 

1231 

1355 

1475 

1716 

1967 

3198 

3430 

3780 

3128 

8828 

10 

12 

909 

1080 

1152 

1275 

1399 

1644 

1889 

3129 

2869 

2728 

8076 

8778 

13 

H 

829 

949 

1071 

1185 

1820 

1566 

1813 

3056 

2800 

2669 

8016 

3726 

14 

16 

t56 

878 

992 

1114 

1287 

1484 

1733 

1979 

2226 

2589 

3961 

8666 

16 

18 

688 

796 

913 

»» 

1166 

1401 

1661 

1899 

2147 

2515 

8879 

8604 

18 

M 

618 

727 

840 

1077 

1820 

1568 

1817 

2066 

2487 

2806 

8586 

20 

n 

560 

668 

772 

861 

1002 

1341 

1486 

1784 

1982 

2856 

2726 

8464 

22 

M 

SOB 

606 

709 

818 

929 

1163 

1404 

1650 

1899 

2272 

2644 

8887 

24 

M 

469 

568 

651 

T6t 

863 

1090 

1826  > 

1570 

1816 

2188 

2560 

8308 

26 

» 

418 

506 

596 

6eT 

800 

1020 

1850 

1489 

1788 

2108 

2475 

8236 

28 

M 

880 

462 

549 

644 

748 

954 

1178 

1412 

1658 

2020 

2393 

8148 

SO 

SI 

847 

424 

506 

666 

689 

893 

1110 

1338 

1575 

1938 

2308 

8059 

82 

84 

818 

380 

467 

562 

641 

836 

1046 

1268 

1500 

1857 

2226 

8974 

84 

86 

293 

859 

432 

611 

596 

783 

984 

1199 

1437 

1179 

2148 

3889 

86 

88 

868 

831 

400 

475 

556 

734 

928 

1136 

1361 

1704 

2068 

2804 

88 

40 

847 

306 

370 

441 

518 

687 

874 

1076 

1296 

1630 

1964 

8720 

40 

48 

229 

288 

344 

411 

484 

6«5 

825 

1019 

1282 

1560 

1909 

9636 

42 

44 

212 

263 

321 

3b3 

A2 

605 

776 

968 

1169 

1491 

1884 

3663 

44 

46 

197 

2i6 

299 

368 

423 

569 

734 

916 

1114 

1428 

1766 

2474 

46 

48 

188 

329 

280 

335 

397 

536 

694 

869 

1060 

1867 

1606 

2396 

48 

50 

170 

218 

261 

314 

373 

505 

656 

824 

■og 

1806 

1627 

3819 

60 

65 

144 

181 

222 

269 

320 

438 

673 

726 

1172 

1474 

3186 

66 

60 

124 

157 

199 

283 

278 

383 

503 

641 

796 

1054 

1888 

1964 

60 

66 

105 

184 

166 

202 

242 

335 

448 

566 

709 

961 

1211 

1806 

66 

TO 

93 

118 

146 

178 

213 

297 

5fJ 

607 

686 

668 

1099 

1664 

70 

80 

78 

92 

113 

139 

168 

236 

406 

616 

705 

914 

1414 

80 

90 

58 

73 

91 

112 

136 

191 

357 

836 

436 

686 

768 

1909 

90 

100 

48 

60 

75 

92 

112 

157 

218 

879 

866 

491 

661 

1040 

100 

Weight  of  one  foot  of  length  of  pillar,  in  pounds. 
1061    118    I    128     I    188     i    147     |    167    j    187    |    206   |    226   |   366    |   386   |   844 

Area  of  ring  of  solid  metal.  In  sqnsM  Inches. 

84.61    87.71    40.8  I    44.0  J    47.1  |    58.4  |    8t.7 1    66.0  j  73.3  |   81.7  |    91.1  1 110.0 


i' 

OAST  IBOK.  THICKKSBS  8  IN0HX8.  (Original.) 

a 

Outer  Diameter  in  7eet. 

%i 

8 

SM 

4 

4» 

6 

8 

10 

18 

:! 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tom. 

Tons. 

Tons. 

Tons. 

10 

10606 

12878 

14906 

16967 

18986 

31088 

88063 

27143 

81196 

89364 

47375 

10 

16 

10463 

12564 

14628 

16712 

18754 

20625 

22855 

26972 

81046 

89183 

47273 

15 

30 

9996 

12150 

14250 

16369 

18440 

20633 

22685 

26737 

80637 

88862 

47131 

30 

80 

8884 

11102 

13275 

15459 

17593 

19743 

21847 

26064 

80257 

88486 

46729 

30 

40 

7688 

9907 

12113 

14344 

J6531 

18735 

20891 

25224 

29476 

87688 

46175 

40 

60 

6664 

8702 

10888 

13126 

16341 

17680 

19780 

24107 

28632 

87087 

45484 

50 

60 

5668 

7675 

9690 

11892 

14100 

16849 

18570 

28049 

27460 

86103 

44666 

60 

70 

4704 

6670 

8676   10702 

12870 

15097 

17319 

21824 

26287 

85068 

43787 

70 

flO 

3698 

6699 

7570   0595 

11692 

18873 

16070 

20666 

25048 

88924 

42712 

80 

90 

8417 

4953 

6683 

8588 

10694 

12706 

14856 

19304 

23791 

82725 

41670 

90 

100 

3940 

4821 

6009 

7665 

9688 

11614 

18700 

18065 

22521 

81481 

40438 

100 

110 

2647 

8788 

6238 

6888 

8677 

10606 

12613 

16860 

21270 

80213 

89220 

110 

136 

1960 

3954 

4400 

6864 

7483 

9857 

11182. 

14650 

19448 

37664 

86682 

126 

lio 

1683 

3350 

8853 

4647 

6900 

7417 

9058 

13701 

16668   26182 

84127 

150 

Weight  of  one  foot  of  length  of  pillar,  in  pounds. 

973  I  1160  I  1835  I  1608  I  1678  I  1866  I  3081  i  3888  I  3740  |  8444  |  4168 

Coellleleiite  of  safety  for  hollow  east  iron  pillavs. 

Ifr.  James  B.  Franois,  of  Lowell.  Mass.,  a  high  snthority,  in  his  "Tables  of  Cast  Iron  PUlara." 
roeommends  that  in  ordor  to  allow  for  anoqnal  leading,  ImperTeot  easting,  bad  end  bearings,  side 
Mows,  *o.,  we  should  not  take  the  safe  load  at  more  than  one*flfteenth  of  Hodgktnsoa's  breaking 
load,  if  the  pillars  are  roughly  oast,  and  the  ends  not  perfeoUy  planed  and  adUusted;  and  one*flftt 
when  thej  are  so.  and  the  loads  abont  eqoalli  dlstribateo. 

Digitized  by  VjOOQ IC 
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fiTTRfiKCKCH  OT  IBOK  PILLABfi. 


Table  4,  of  breakinir  loads  In  tons  of  hollow  eylindrieal 
wroufTbt  Iron  pillars,  witli  flat  ends*  perfeetly  tme,  and 
flrmly  fixed,  and  the  loads  presslnfr  equally  on  every  part 
of  the  top.    Calculated  by  Gordon's  fonnula. 


(Original.) 


WBOUGHT  IBOK.    THI0XKB88  H  XNOK. 


Onter  diameter  in  inobea. 


IH    \    IH    \     t      \    2H    I    JH 


JH 


Tom. 

Tom. 

Tom. 

Tom. 

9M 

6.27 

6.88 

8.80 

».W 

4.64 

6.82 

8.00 

».80 

.1.86 

6.5t 

7.28 

l.tT 

8.18 

4.74 

6.86 

1.36 

2.61 

4.0T 

6.66 

104 

2.0S 

8.46 

4.91 

.81 

1.66 

2.91 

4.24 

.61 

1.36 

2.46 

867 

.60 

1.06 

2.08 

8.18 

.41 

.96 

1.76 

2.77 

.34 

.81 

1.62 

2.41 

.» 

.TO 

1.84 

2.14 

.M 

.60 

1.16 

1.88 

.21 

.68 

1.08 

1.6B 

.19 

.47 

.91 

1.60 

.18 

.42 

.84 

1.88 

.14 

.33 

.67 

l.U 

.27 

.66 



.91 

BRBAKma  LOAD. 
Tom. 
10.1 
9.6 
8.9 
8.1 
7.8 
6.6 
5.7 
6.1 
4.6 
4.0 
8.6 
8.2 
2.8 
2.6 
2.8 
2.1 
1.7 
1.4 
.9 


Tom. 

Tom. 

Ton*. 

Ton.. 

Tom. 

11.7 

13.2 

14.8 

16.4 

18.6 

11.2 

12.8 

14.6 

16.1 

17.8 

10.6 

12.2 

13.0 

16.6 

17.8 

9.9 

11.6 

13.3 

16.0 

16.7 

91 

10.8 

12.6 

14.2 

16.6 

8.8 

9.9 

11.6 

13.4 

16.2 

7.4 

9.1 

10.8 

12.6 

14.4 

6.7 

8.8 

9.9 

11.7 

18.6 

6.0 

7.6 

9.1 

16.8 

12.6 

6.4 

6.9 

84 

10.1 

11.8 

4.8 

6.2 

7.7 

9.8 

11.6 

4.8 

6.6 

7.0 

8.6 

10.2 

8.9 

6.2 

6.6 

8.6 

9.6 

3.6 

4.7 

6.0 

7.4 

8.9 

8.2 

4.8 

6.6 

6.9 

8.3 

2.9 

4.0 

6.1 

6.4 

7.7 

2.4 

8.4 

4.4 

6.6 

6.8 

2.0 

2.8 

3.7 

4.7 

6.8 

1.4 

2.0 

2.6 

8.4 

4.2 

Weight  of  one  foot  of  length  of  pillar,  in  poonda. 
.820     I     1.15     I     1.47     I     1.80     |   2.13     |     2.46   |    2.78    |    8.11     |   3.48    1 8.77 

Area  of  ring  of  aoUd  metal,  in  aqnare  inohea. 
.246     I    .844      I     .442     r     .646    I     .638     I     .736  |    .886     |     .938     |    1.08    |    1.18 


.9 


s 

WBOirOHT  IBOir. 

THICKWMB  H  ZKOK. 

a 

Outer  diameter  in  inohea. 

Vi 

iS 

« 

Vi 

«H   1 

iH 

s 

1    8H  1     ♦ 

4H 

6 

6H   1     • 

^ 

■BgAKOiO  LOA9. 

Toe*. 

Tom. 

Ten*. 

Toot. 

Tom. 

Ton.. 

Tom. 

Tom. 

Tom. 

Tom. 

Tont. 

21.9 

2k4 

28.8 

81.4 

S4.5 

40 

47 

68 

60 

66 

72 

21.1 

94J 

27.6 

30.7 

88.9 

40 

«T 

63 

60 

66 

72 

19.9 

flt.1 

tt.4 

29.7 

SS.O 

89 

46 

62 

89 

66 

71 

18.6 

21.8 

2S.8 

28.5 

tl.9 

88 

45 

M 

88 

64 

71 

17.0 

29.4 

23.6 

27.8 

80.7 

87 

44 

60 

87 

68 

70 

15.4 

18.8 

22.1 

26.7 

28.2 

86 

48 

48 

66 

69 

60 

13.9 

17J 

20.6 

28.8 

27.8 

84 

41 

47 

64 

61 

68 

12.6 

16.6 

19.1 

22.8 

26.9 

82 

40 

46 

68 

60 

67 

11.2 

14.2 

17.6 

20.6 

24.8 

80 

88 

44 

61 

58 

66 

10 

10.0 

18.0 

16.1 

19.1 

22.7 

89 

87 

48 

60 

67 

M 

10 

11 

9.0 

16.T 

16.7 

17A 

21.1 

27 

85 

41 

48 

66 

6f 

11 

12 

8.1 

10.6 

18.6 

16.4 

19.6 

26 

88 

40 

46 

64 

61 

12 

13 

7.8 

9.6 

12.4 

16.1 

18.2 

94 

81 

88 

44 

52 

18 

!* 

6.6 

8.8 

11.1 

14.0 

MJO 

n 

80 

86 

48 

61 

BV 

H 

16 

6.0 

8.0 

10.4 

12J 

16.8 

21 

28 

84 

41 

49 

■M 

1? 

16 

6.6 

7J 

9.6 

19J0 

14.6 

90 

27 

88 

40 

47 

64 

16 

18 

4.6 

6.0 

SJt 

10.8 

12.7 

18 

24 

SO 

87 

48 

60 

18 

26 

8.8 

6.1 

6.8 

8.7 

11.0 
T.9 

16 
12 

21 
M 
13 

27 
21 
17 

84 

27 
29 

40 
88 

27 

47 
88 

n 

90 

25 
90 

80 

;•••••• 

10 

14 

18 

22 

27 

85 

14 

18 

28 

40 

60 

11 

16 

19 

4ft 

8 

12 

16 

60 

W^ght  of  one  foot  of  length 

I   6.28      I   5.80     I   6.68    |    7.20   |    8.60    | 


Of  i^llav.iki  pevnda. 
9.83   I   n.l    I   12.4  1   19.1 


Area  of  ring  of  aolid  motal, 
!    1.57     j   1.77     \    1.96    i   2.16   j    2.66    \ 


in  aouare  tnohea. 

2.96    I   8.84    I    8.78    I    4.12 


I    16.ft 
i    4.61 
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Table  4, 

(Continued.)    (Original.) 

a 

WBOTTQHT  IRON.     THICKNESS  H  INCH. 

.a 

!l 

Outer  dlamoMv  in  inotaes. 

1^ 

r 

6 

6H 

1     « 

1  VH 

1     7 

i  ^H  ]    8     \  BH 

9       1     10 

11 

12 

i 

BfiBAKINO  LOAD. 

• 

T©M. 

Ton*. 

Tons. 

Tom. 

Toat. 

Tom. 

Tons. 

Tona. 

Tons. 

Tout. 

Tom. 

T«M. 

i 

Ill 

136 

189 

152 

166 

177 

188 

201 

214 

288 

268 

290 

4 

110 

1» 

196 

148 

168 

174 

186 

199 

212 

887 

262 

289 

« 

106 

119 

81 

146 

158 

171 

184 

197 

210 

236 

261 

288 

8 

101 

114 

27 

140 

154 

167 

181 

194 

207 

282 

258 

284 

10 

96 

106 

28 

186 

149 

162 

176 

189 

208 

228 

254 

280 

10 

IS 

80 

lOS 

116 

129 

148 

}R 

171 

IS 

199 

^ 

260 

276 

12 

14 

82 

S 

106 

ffi 

37 

iS 

194 

246 

272 

16 

76 

103 

81 

146 

173 

18t 

218 

246 

268 

T« 

M 

TO 

88 

97 

110 

U 

188 

158 

166 

188 

207 

235 

263 

18 

ac 

64 

77 

91 

104 

117 

181 

145 

159 

173 

201 

227 

267 

W 

22 

58 

TO 

88 

96 

109 

128 

188 

161 

164 

192 

820 

260 

'i2 

25 

52 

64 

76 

88 

102 

116 

iS 

143 

167 

IBS 

212 

241 

2f> 

30 

42 

61 

63 

U 

87 

»8? 

127 

141 

167 

196 

224 

.HO 

35 

84 

4S 

68 

64 

76 

80 

112 

126 

151 

178 

207 

35 

40 

27 

86 

44 

68 

64 

76 

86 

96 

110 

136 

168 

180 

40 

45 

28 

» 

88 

46 

55 

66 

76 

87 

98 

128 

148 

174 

45 

50 

19 

U 

82 

88 

47 

56 

66 

76 

87 

100 

133 

158 

60 

60 

16 

19 

24 

89 

86 

43 

61 

60 

69 

88 

109 

182 

60 

TO 

11 

14 

18 

28 

28 

84 

40 

48 

56 

78 

91 

111 

70 

80 

91 

U 

14 

18 

22 

27 

32 

87 

44 

57 

74 

93 

80 

90 

T 

t 

11 

14 

18 

82 

26 

31 

8< 

48 

68 

78 

90 

100 

9 

7 

$ 

12 

15 

18 

22 

26 

80 

il 

63 

66 

100 

Weight  of  one  foot  of  length  of  pillar,  in  pound*. 
28.6    I    26.2  [   28.8 1   31.4 1   84.0 1   86.6  |   89.3  |    42.0   |    UJ  j   49.7    |    66.0  |   60.8 

Area  of  ring  of  e<did  metal.  In  aqnare  Inohee. 
7.0>r    I   7.86  i   8.64  |   9.48 1    10.2 1    11.0  |    11.8  |    12.6  |    18.4  |    14.9        16J.|    U.1 


T«tol«  4,  (0oiiidnMcl.j 

(OrtfiB^L) 

3 

WBOTTQHT  IBON.    THICKNESS  1  INCH. 

^ 

P 

Outer  diameter  in  inehee. 

|l 

s 

13 

!♦ 

1    w 

1     !• 

17    1     18    1     20    1     22    1     24     1     26    1 

28    1   SO 

BBBAKIN6  LOAD. 

T^u. 

Tom. 

Tons. 

Tom. 

Tom. 

Ton*. 

TonK.| 

Tom. 

[Ttei. 

Tons. 

Tom. 

ToM. 

1 

608 

663 

704 

T68 

806 

864 

956 

1066 

1157 

1257 

1867 

1468 

1 

10 

688 

688 

601 

742 

795 

846 

949 

1049 

1149 

1248 

1854 

1457 

10 

20 

648 

696 

661 

702 

759 

810 

918 

1016 

1130 

1228 

1327 

1430 

vo 

89 

m 

686 

^ 

•i* 

699 

758 

866 

928 

ion 

1186 

1289 

U94 

30 

40 

416 

470 

584 

636 

601 

8Qft 

912 

■Sf 

1180 

1387 

1A4R 

40 

60 

866 

406 

462 

516 

570 

627 

740 

848 

1067 

1179 

1294 

50 

60 

.300 

348 

400 

462 

606 

659 

669 

781 

891 

1005 

1115 

1228 

fiO 

St 

256 

300 

348 

898 

448 

499 

606 

715 

824 

986 

1046 

1160 

70 

216 

365 

296 

344 

992 

44» 

643 

649 

757 

868 

978 

VM 

80 

90 

186 

222 

261 

808 

347 

892 

489 

590 

694 

800 

910 

1023 

90 

100 

157 

190 

226 

262 

803 

846 

496 

532 

631 

786 

843 

955 

100 

;is 

m 

Itt 

193 

227 

264 

802 

886 

474 

668 

666 

770 

877 

110 

in 

82 

186 

16i 

192 

286 

289 

848 

416 

606 

198 

«»7 

780 

19ft 

150 

101 

122 

l46 

171 

198 

262 

328 

406 

486 

574 

666 

150 

176 

62 

78 

95 

112 

133 

155 

208 

266 

831 

400 

478 

660 

175 

800 

4» 

60 

I     H 

89 

106 

124 

168 

216 

369 

828 

896 

467 

aoo 

Weight  of  ohe  foot  of  length  of  pillar,  in  pounds^ 

I  136  I  147  I  157  i  168  I  178  I  199  f  2«  I  m  I  26i  |  288  |  804 

Area  of  ring  of  solid  metal,  in  sqnare  inches. 
I   40.8 1   44.0  1   47.;   |    60,3  |    63-4  |  59.7   |    66.0 1    72.3  |    78.5  [   84.8  |   91.1 


Tbe  brMikiiiir  UtmAm  Am*^  Iwai  Ofelel 

iiminiali  st  the  Mune  rat*  u  the  tbiokn***. 
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FLOOR  SECTIONS. 


PEBTCOTB  FfiOOR  finSCTIOIf S. 

L  ^  span,  in  feet. 
C  =  coeificient. 
W  =  distributed  load,  in  lbs,  per  foot  of  floor  width. 


-^- 


Corrncaied  fleorins,  for  bridges  and  buildings. 

W  =  load  producing  fiber  stress  of  16,000  foe  per  square  inch. 


SECTION  210  M, 
Dimensions  in  inches. 


Thickness,  inches. 

Web.  Flange. 

A  i 

hi  'ft 

A  i 

il 

I  i 


Weight, 
lbs  per  sq  ft 
14.8 
18.4 
21.9 
25.5 
29.1 


C 

44,000 
55,000 
66,000 
77,400 
88,800 


SECTION  260  M. 
Dimensions  in  inches. 


Thickness,  inches. 
Web.  Flange. 


ft 
i 


ito| 
ftof 
|to| 


Weight, 
lbs  per  sq  ft. 

20.0  to  30.7 

26.6  to  37.2 

29.4  to  40.1 


105,000  to  186,000 
148,000  to  224,000 
153.000  to  237,000 


Z  Bar  Fleortnir. 

W  —  safe  load. 


W      1^  _  ^l      i^ 


Section 
No. 


Dimensions, 

in  inches. 

^     B    C     ] 

5     6     9     4 


Thickness,  ins. 
Z  bars.      Plates. 


18     8    10 


21      9    12      6 


itoi 


ft  to  ft 


jtol 


Weight, 

fi>8  per  sq  ft. 

r  25.9  to  36.1 

29.1  to  39.3 
t  32.3  to  42.6 
r  32.1  to  42.8 

35.2  to  45.4 
[  88.4  to  48.6 
I  39.3  to  49.5 

42.4  to  62.6 

46.5  t4)  56.7 


93,400  to  147,400 
104,000  to  157,000 
114,400  to  167,000 
143,000  to  209,400 
155,000  to  221,400 
166,400  to  283,000 
203,400  to  281,000 
217,400  to  294,000 
281,000  to  307,200 


yLiOOglT 
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WEIOKT  AlfD  tSTBEirOTK  OP  IBOIT  CKAINS. 
Table  of  streoirtli  of  etiaiiis. 

Chains  of  »uperior  iron  will  require  \^Xo\^  more  to  break  them.    (Original.) 


Diam  of  rod 
of  which 
the  links 
are  made. 


Weight 
of  chain 
per  ft  run. 


Ins. 
3-16 

K 

l!^16 
13^6 


Pds. 

.6 

.8 
1. 
1.7 
2. 
2.6 
3.2 
4.8 
6. 
6.8 
6.7 
8. 
9. 


Breaking  strain 
of  the  chain. 


1731 
3069 
4794 
6922 
9408 
12330 
15690 
19219 
23274 
27687 
32301 
37632 
43277 


Tons. 

.773 
1.87 
2.14 
8.09 
4.20 
6.60 
6.96 
8.68 
10.89 
12.86 
14.42 
16.80 
19.32 


Diam  of  rod 
of  which 
the  links 
are  made. 


Weight 
of  chain, 
per  ft  run. 


Ins. 


Pds. 

10.7 

12.0 

16. 

18.3 

21.7 

26. 

28. 


64. 
71. 

88. 
105. 


Breaking  strain 
of  the  chain. 


Pds. 

49280 

69226 

73114 

88301 

105280 

123614 

143293 

164006 

187162 

224448 

277088 


Tons. 

22.00 
26.44 
82.64 
80.42 
«7.00 
66.14 
63  97 
73.44 
83.66 
100.2 
123.7 
149.7 
178.1 


The  links  of  ordinary  iron  chains  are  usuaHy  made  as  short  as  is  consistent 
with  easy  play,  in  order  that  they  may  not  become  bent  when  wound  around 
drums,  sheaves,  Ac;  and  that  they  may  be  more  easily  handled  in  slinging 
large  blocks  of  stone,  Ac.  U.  S.  GoTemment  experiments,  1878,  prove  that 
studs  weaken  the  links. 

When  so  made,  their  weight  per  foot  run  is  quite  approximately  Z%  times  that 
of  a  single  bar  of  the  round  iron  of  which  thev  are  composed.  Since  each  link 
consists  of  two  thicknesses  of  bar,  it  might  oe  supposed  that  a  chain  would 
possess  about  double  the  strength  of  a  single  bar :  out  the  strength  of  the  bar 
becomes  reduced  about  30  per  cent,  by  being  formed  into  links ;  so  that  the  chain 
has  but  about  70  per  cent  of  the  strength  of  two  bars.  As  a  thick  bar  will  not 
sustain  as  heavy  a  unit  stress  as  a  thinner  one,  so  of  course,  stout  chains  are 
proportionally  weaker  than  slighter  ones.  In  the  foregoing  table,  20  tons 
ver  square  inch^  is  assumed  as  the  average  breaking  strain  of  a  single  straight 
oar  of  ordinarv  rolled  iron,  1  inch  in  diameter  or  1  inch  square ;  19  tons,  from 
1  to  2  inches ;  and  18  tons,  from  2  to  3  inches.  Deducting  80  per  cent  from  each, 
we  have  as  the  breaking  strain  of  the  two  bars  composing  each  link,  as  follows: 
14  tons  per  square  inch,  up  to  1  inch  diameter ;  13.3  tons,  from  1  to  2  inches :  and 
12.6  tons,  from  2  to  3  inehe.s  diameter ;  and  upon  these  assumptions  the  table  is 
based.  The  weights  are  approximate ;  depending  upon  the  exactness  of  diameter 
of  the  iron,  and  shape  of  link. 


y  Google 
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TIN  AND  ZIKC. 


'i 


TTN  AITB  ZINC. 

The  pare  metal  Is  called  bloek  tin."  When  perfectly  pure,  (which  it 
rarely  is,  being  purposely  adnltenkted,  frequently  to  •  lurge  pnqKHtloa,  with  the 
cheaper  metals  lead  or  zinc,)  its  sp  gray  is  t  .29 ;  and  its  weight  per  cub  ft  is  466  fiMu 
It  is  snfflciently  malleable  to  be  beaten  into  tin  foil,  only  j^^  of  an  inch  thick. 
Its  t«DiUe  strength  is  but  about  4600  fi»8  par  sq  inch ;  or  about  TOOO  lbs  when  made 
into  wire.  It  melts  at  the  moderate  temperature  of  442^  Fah.  Pure  block  tin  is 
not  used  for  common  building  purposes ;  but  thin  plates  of  sheet  iron,  covered  with 
it  on  both  sides,  constitute  the  tinned  pl^xies^  or,  as  they  are  called,  t)^  tin,  used  for 
covering  roofs,  rain  pipes,  and  many  domestic  uAeasils.    For  rooft  it  is  laid  on  boards. 

Tiie  sheet* 
of  tin  are  unfa 
ted  as  shown  in 
this  fig.  First,  sev- 
eral sheets  are 
Joined  together  in 
the  shop,  end  for 
end,  as  at  £<;  by 
being  first  bent 
over,  then  ham- 
mered flat,and  then 
soldered,  These  are 
then  formed  into  a 
roll  to  be  carriecl 
to  the  roof;  a  roll 

being  long  enough  to  reach  from  the  peak  to  the  eaves.  DifPprent  rolls  being  spread 
up  and  down  the  roof,  are  then  united  along  their  sides  by  siinply  being  bent  as  at  a 
and  «,  by  a  tool  for  that  purpose.  The  roofers  call  the  bending  at  «  a  aoubU  groove, 
or  dmtbte  lock;  and  the  more  simple  ones  at  t,  a  single  groove,  or  lock. 

To  hold  the  tin  securely  to  the  sheeting  boards,  pieces  of  the  tin  3  or  4  ins  long, 
by  2  ins  wide,  called  cleats,  are  nailed  to  the  boards  at  about  every  18  ins  along  the 
joints  of  the  rolls  that  are  to  be  united,  and  are  bent  over  with  the  double  groove  »^ 
This  will  be  understood  from  y.  where  the  middle  piece  is  the  cle%t,  before  being 
bent  over.  The  nails  should  be  4-penny  slating  nails,  which  have  broader  heads 
than  common  ones.  As  they  are  not  exposed  to  the  weather,  they  may  be  of  plain  iron. 
Much  use  is  made  of  what  is  called  leaded  tln^  or  ternes*  ror  rooflug.  It  J« 
simply  sheet-iron  coated  with  lead,  instead  of  the  more  costly  metal  tin.  It  is  not 
as  durable  as  the  tioued  sheets,  but  is  somewhat  cheaper. 

The  best  plates, both  for  tinning  and  for  terne8,are  made  of  charcoal  iron;  which, 
being  tough,  bears  bending  better.  Coke  is  used  for  cheaper  plates,  but  inferior  as 
regards  bending.  In  giving  orders,  it  is  important  to  specify  whether  charcoal 
plates  or  coke  ones  are  required ;    also  whether  tinned  plates,  or  femes. 

Tinned  and  leaded  sheets  of  Bessemer  and  other  cheap  steely  are  now  much  used. 
They  are  sold  at  about  the  price  of  charcoal  tin  and  teme  plates. 

There  are  also  in  use  for  roofing,  certain  compound  metals  which  resist  tarnish 
better  than  either  lead,  tin,  or  zinc ;  but  which  are  so  fusible  as  to,be  liable  to  be 
melted  by  large  burning  cinders  falling  on  the  roof  from  a  neighboring  conflagration. 
A  roof  covered  with  tin  or  other  metal  should,  if  poasible,  slope  not  much  les$  than 
five  degrees,  or  about  an  inch  to  a  foot ;  and  at  the  eaves  there  should  be  a  sudden 
&11  into  the  rain-gutter,  to  prevent  rain  from  backing  up  so  as  to  overtop  the  double- 
groove  Joint  «,  and  thus  cause  leaks.  Where  coal  is  used  for  fuel,  tin  roofs  should 
receive  two  coats  of  paint  when  first  put  up,  and  a  coat  at  every  2  or  3  years  after. 
Where  wood  only  is  used,  this  is  not  necessary ;  and  a  tin  roof,  with  a  good  pitch, 
will  last  20  or  30  years. 

Two  good  workmen  can  put  on,  and  paint  outside,  Trom  260  to  300  sq  ft  of  tin  roof, 
per  day  of  8  hours. 

Tinned  iron  plates  are  sold  by  the  buz.  These  boxes,  unlike  glass,  have  not  equal 
areas  of  contents.  They  may  be  designated  or  ordered  either  by  their  names  or 
sizes.  Many  makers,  however,  have  their  private  brands  in  addition ;  and  some  of 
these  have  a  maoh  higher  repatation  than  others. 
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Tuble  of  Tinned  and  Terne  Plate*. 

€antlon.«-BozM  often  oootain  comrfdeombly  lMt  weight  of  tin  plate  tbta  Ite 
tible  re^niree;  the  pUttee  beiac  rolled  thin  and  ptoted  thin,  in  order  to  eanUt 
naohanicf  to  get  pay  for  more  mmtwUL  than  they  ftiroish. 

The  marks  indicate  the  thickne$K$y  approximately  as  follows: 


NumbM- 

Lb« 
periqfl. 

ItoMlMr 

- 

Mark. 

BlrmiQgbMn 
wirefaufe. 

Int. 

Mark. 

wire  VMf. 

IBS. 

LiM 

periqft. 

IC 

80 

.012 

.48 

DO 

17 

Z 

M 

X 

88 

.014 

.66 

DX 

15 

80 

XX 

17 

.016 

.64 

DXX 

28 

.026 

i!oo 

IXXX 

26 

.018 

.72 

DXXX 

22 

.028 

1.18 

IXXXX 

26 

.020 

J&O 

DXXXX 

21 

.032 

1.21 

SiM, 

InehM. 

Mark. 

i 

8tM. 

tecbM. 

Mark. 

^1: 

m 

Site. 
Incbts. 

Mark. 

H! 

VXI8 

IC 

225 

"iso 

isxis 

IXX 

2i3 

104 

16X16 

IC 

225 

206 

IX 

162 

1SX26 

]& 

112 

lt6 

X 

256 

lOKlO 

10 

1* 

80 

Ct 

160 

*• 

XX 

" 

294 

IX 

100 

" 

IXX 

<« 

IS 

i?5« 

X 

112 

152 

10X14 

10 

•• 

112 

14X14 

IC 

225 

X 

•• 

141 

IX 

«« 

140 

IX 

•• 

106 

XX 

** 

166 

«< 

iSx 

'* 

iS 

!! 

{fix 

ti 

225 
254 

itxn 

DX 
DXX 

100 

«« 

IXXXX 

M 

MS 

14X20 

0 

111 

112 

18X18 

IX 

112 

10X20 

0 

« 

160 

IX 

140 

IXX 

•• 

^ 

■§ 

•< 

•s? 

M 

IXX 

M 

161 

*< 

IXXXX 

<• 

11X11 

f 

«< 

IXXX 

«• 

182 

20X20 

IX 

•* 

200 

<t 

X 

u 

121 

•« 

IXXXX 

«» 

208 

IXX 

" 

280 

11  xn 

10 

111 

17 

Mxn 

a 

M 

154 

M 

IXX« 
IXXXX 

•• 

160 

>» 

IX 

121 

IXX 

** 

177 

«• 

«• 

290 

«« 

IXX 

U 

ISO 

14X24 

IX 

«< 

168. 

10X28 

IC 

«• 

224 

1SX1S 

10 

m 

112 

IXX 

<« 

198 

IX 

" 

280 

IX 

140 

14X25 

IC 

•• 

140 

•• 

IXX 

•• 

822 

IXX 

161 

IX 

175 

M 

IXXX 

364 

ISXM 

10 
IX 

112 

116 

144 

14X28 

ISx 

M 

201 
287 

" 

IXXXX 

•* 

406 

" 

IXX 
IXXX 

■* 

166 
187 

14X28 

s 

n 

iS 

Terne  Plates. 

UH  X  17 

DC 

100 

08 

«• 

IXX 

u 

225 

DX 

120 

14X30 

IXX 

M 

*4 

10X10 

10 

112 

80 

II 

DXX 
DXXX 

!I 

147 
US 

14>^ll 

ilr 

41 

iH 

14X10 

B 

100 
112 

•* 

DXXXX 

•4 

100 

11X15 

IX 

IK 

125 

tx 

** 

140 

tsxit 

|C 

226 

U6 

IXX 

f* 

iw 

10X18 

10 

** 

224 

t 

k 

Ml 

" 

IXXX 

*t 

SIB 

IX 

" 

280 

Sbceii  •t  Iai««r  tise  m%f  fee  nftle  to  special  order;  Iktee  of  tfnned  Iron,  In  Rnclaad}  but  IwOed 
temet  are  made  In  PbtUda  also*  a*d  elaewberei 

A  box  of  225  sbeeu  of  UH  by  10.  contains  214.84  sd  Hi  bnt.  allowing  tor  o«ieHapplnf»  It  trill  cover 
'  bnft  abont  150  eq  ft  of  roort  even  witbont  mtj  allowaboe  for  ttae  traste  wblcb  ecour*  in  cutting  away 
portions  in  order  td  tt  at  angles,  Ito. 

To  find  tbe  area  of  roof  covered ^y  an^  sbeet,  first  dednot  2  In^  firom  IM  widtb,  and  1  Incb  trota  ita 
leagtb. 

Zlne,  In  f  heeta.  and  laid  in  the  8ame  manner  as  slated,  is  much  used  In  some 
parts  of  Europe  Ibr  roofing.  By  exposure  to  the  weather,  It  seon  becomes  covered  by  a  tbin  fllm  of 
white  oxide,  which  proteoto  it  front  further  iqiory,  and  renders  Ote  roef  y^tj  durable.  Oorruflated 
sheet  sine  is  also  used.    See  Qalvaolsed  Sheet  Iron. 

Zinc  sheeu  are  usnally  ftbout  8  fl  by  7  or  8  fu  The  ^uge  dlfl»rs  fk«m  that  of  iron ;  thui  No  IS  la 
.082  of  ftn  Inch  thick,  or  1.22  lbs  per  sq  ft ;  No  l4  =  ^OSS  inch,  ahd  1 J6  lbs ;  No  18  =r  Mi  inch,  and 
1  41  iM :  No  16  =  049  incb.  and  l.«2  lbs  per  sq  It.  Any  of  these  numbers  may  be  used  on  rooft,  for 
which  pnrpoM  it  should  be  very  pwe. 

Water  kept  In  sine  vCsaels  is  said  to  beoome  injurious  to  health ;  and 
recently  an  outcry  nws  on  that  aoeonnt  amen  against  galvaniad^lren  service-pipes  In  dwellings. 
Yet  such  have  been  in  use  for  mady  yeSrs  In  New  Sni(lsud.  Pbilada,  and  elsewhere,  without  as  yet 
any  deleterious  efltects.  This  Is  pCssIbly  oiHng  to  the  Ikct  that  service-ptpes  being  short,  the  water 
Is  usually  all  drawn  through  them  several  times  a  day ;  and  hence  does  not  remain  in  contact  with 
Ibo  line  df  lead  long  ensnik  lo  acqtiire  a  pelsmtctts  ebarecier.  In  tnktag  posseislon  of  k  honie  In 
irblDk  Mm  water  has  renialaed  smgnant  lb  the  servioe-plpes  fbr  seve  eonslderabie  time,  sneh  WaMr 
IkooU  all  be  run  to  waste)  otherwise  slebness  tsay  eneue  frtm  Its  Me. 
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WEIGHT  OF  METALS. 


Roof  eopper  Is  usually  In  sheets  of  2}^  feet  X  5  fe«t;  or  12>^  square  feet, 
weiffbing  10  to  14  S«  per  sheet ;  and  is  laid  oq  boards.*  Ko  solder  lis  used  in  the 
horiEODtal  Joints  as  it  is  in  tin  roofs ;  but  both  the  horizontal  and  the  sloping 
joints  are  formed  by  only  overlapping  and  bending  the  sheets,  much  as  shown 
by  the  figs  on  page  916 ;  except  that  the  horizontal  Joints  are  bent  or  locked 
together,  and  then  flattened  down  dose. 

Sheet  lead.  List  of  standard  weightm  in  lbs  per  square  foot  Thick* 
3  in  decimals  of  an  inch. 


wt. 

Th. 

Wt. 

Th. 

Wt. 

Th. 

Wt. 

Tb. 

Wt.          Th. 

Wt. 

Th. 

t.6 

t 

.042 
.051 

* 
6 

.068 
.085 

0 

7 

.102 
.119 

8 
9 

.136 
.153 

10          .170 
It          .90S 

U 
16 

.«7 
.171 

Weight  of  Metal  Balls. 

W  =  Weight  of  ball,  iu  pounds.    D  =  Diameter  of  ball,  in  inches. 
I^ead       =  (700  fts  per  cub  ft)  W  =  0.212106  D« ;  log  W  =T.826  5529  +  3  log  D 
Copper  =  (550  ft)8  per  cub  ft)  W  =  0.166655  Da ;  log  W  =T221  8176  +  3  log  D 
Brass  .   =  (500  fin  per  cub  ft)  W  =  0.151504  DS ;  lOff  W  =T.1S0  4249  +  3  log  D 

cub  ft)  ^  "  0.146959  D« ;  l0s  W  =17167  1966  +  3  log  D 


Steel  and 
Wroagrht 
Iron 


1        (485  lbs 
j  per  cul 


Cast   I 


Iron 


=  (450  fts  per  cub  ft)  W  -  0.186354  D« ;  log  W  =  1.134  6674  +  3  log  D 


For  steel,  wroagrl^t;  iron  and  cast  iron  balls,  see  also  tables,  pp 
875  and  877. 


liead  Pipe. 
Stan<lard  Sises. 


h 

WtS  per  ft  (P) 

ud  per  rod  (B) 
of  1€H  ft. 

li 

■ 

li 

WIS  per  ft  (P) 

and  per  rod  (R) 
of  l&H  ft. 

ij 

1^ 

i' 

Ins. 

IM. 

In*. 

Ina. 

Ina. 

Ina. 

Ina. 

Ina. 

' 

H 

.06 

7     IbBR 

H 

.08 

16      IbaR 

l\i 

.14 

8.5 

8 

8-16 

9 

.08 

10     OS  P 

.10 

IM  ItaP 
IHlbaP 

.17 

4,2f 

it 

H 

12 

•• 

.12 

1     lb  P 

•« 

.12 

«• 

.19 

«« 

6-16 

16 

«« 

.16 

iHn>«P 

'* 

.16 

2>iIb«P 

** 

.28 

65 

M 

H 

20 

*• 

.19 

ijiftiP 

'• 

.20 

8      IbsP 

•• 

.27 

s^ 

8-16 

9.A 

H 

.07 

9      IbsR 

•« 

.2S 

9H  n>8  P 

IH 

.IS 

H 

15 

•4 

.00 

Hft>  P 

•• 

.80 

4Jilb«P 

.4 

.17 

M 

5-16 

1R.9 

M 

.11 

1    lb  p 

1 

.10 

24Hlb»B 

•« 

.21 

6  5 

« 

H 

22 

•• 

.13 

IJ^lbtp 

«• 

.11 

2      IbtP 

•* 

.27 

85 

4 

8-16 

12  5 

** 

.16 

»• 

.14 

2J<lbBP 

2 

:ll 

4.7! 

5?f6 

18 

*• 

.19 

2      IbsP 

•• 

.17 

Sj^ftsP 

1* 

21 

" 

.25 

8      IbiiP 

•• 

.21 

4      ftsP 

" 

.22 

«• 

8-^6 

2S 

H 

.06 

12      IbaB 

»« 

.24 

iHlbnr 

«* 

.27 

*H 

14 

.09 

1      B)   P 

IH 

.10 

2      IbsP 

m 

8-16 

18 

M 

.IS 

IH  lb«P 

.12 

IH  lb«P 

A 

11 

5 

3 

20 

«• 

.16 

2      BMP 

** 

.14 

a     IbeP 

** 

14 

I, 

81 

♦« 

.20 

2«  lbs  P 

•• 

.16 

iH  ib«P 

•< 

H 

17 

*' 

.22 
.25 

2Ji  lb»P 

ajiibnp 

" 

.19 
.25 

^h  IbsP 
6      lb«F 

I^ead  service  pipes  for  single  dwellings  in  Philadelphia  are  usually  of  from 
^  ineh  bore,  wt  1  to  2^^  Am  ;  to^  inch  bore,  wt  Ih^  to  3  ftw  per  ft  ran,  aceording 
to  head.  They  rarely  burst  from  sudden  closing  of  stopcocks ;  but  soffletimeB 
do  8o  from  the  freezing  of  the  contained  water. 

*  To  Which  it  is  held  by  eopper  cleats;  as  at  Fig  y,    page  916. 
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ROIil^KD  I.KAD,  COPPER,  and  BRASS  t  Sheeto  and  Bars. 


Thickness 
or 

LEAD. 

COPPER. 

BRASS 

Siameter, 

or  Ride, 

Sheetfl, 

Sqaare 

Round 

Sheets, 

Sqaare 

Boand 

Sheets, 

Square 

Round 

in 

per 

Bars; 

Bars; 

per 

Bars; 

Bars; 

per 

Bars; 

Bars; 

InchM. 

Square 
Foot. 

IFoot 

IFoot 

Square 

IFoot 

IFoot 

Square 

IFoot 

IFoot 

long. 

long. 

Foot. 

long. 

long. 

Foot. 

lotig. 

long. 

Lbs. 

Lba. 

Lbs. 

Lbs. 

Lba. 

Lbs. 

Lbs, 

Lbs. 

Lbs. 

1-32 

1.86 

.005 

.004 

1.44 

.004 

.003 

1.36 

.004 

.Ofti 

1-16 

3.72 

.019 

.015 

2.89 

.015 

.012 

2.71 

.014 

.011 

3-32 

5.58 

.044 

,034 

4.33 

.034 

.027 

4.06 

.032 

.025 

^3. 

7.44 

.078 

.061 

5.77 

,060 

.047 

5.42 

.056 

.OH 

9.30 

.121 

.095 

7.20 

.094 

,074 

6.75 

.088 

.069 

3-16 

11.2 

.174 

.137 

8.66 

.135 

,106 

8.13 

.127 

.100 

7-32 

13.0 

.237 

.187 

10.1 

.184 

.144 

9.50 

.173 

.130 

¥-16 

U.9 

.310 

.244 

11.5 

.240 

.189 

10.8 

.226 

.177 

18.6 

.485 

.381 

14.4 

.376 

.295 

13.5 

.353 

.277 

H 

22.3 

.698 

.548 

17.3 

,541 

.425 

16.3 

.508 

.31)9 

7-16 

2fi.O 

.950 

.746 

20.3 

.736 

.578 

19.0 

.691 

.643 

M 

29.8 

1.24 

.974 

23.  J 

.962 

.755 

21.7 

.903 

.709 

916 

33.5 

1.57 

1.23 

2G.0 

1.22 

.955 

24.3 

1.14 

.900 

« 

37.2 

J. 94 

1.52 

28.9 

1.50 

1.18 

27.1 

1.41 

1.11 

11-16 

40.9 

2.34 

1.84 

31.7 

1.82 

1.43 

29.8 

1.70 

1.34 

H 

44.6 

2.79 

2.19 

34.6 

2.16 

1.70 

32.5 

2.03 

1.60 

13-16 

48,3 

3.27 

2.57 

37.5 

2.55 

1.99 

35.2 

2.38 

1.87 

H 

52.1 

3.80 

2.98 

40.4 

2.94 

2.31 

37.9 

2.76 

2.17 

15-16 

56,0 

4.37 

8.42 

43.3 

3.38 

2.65 

40.6 

3.18 

2.49 

.     1. 

69.5 

4.96 

3.90 

46.2 

3.85 

3.02 

43.3 

3.61 

2.84 

IH 

66.9 

6.27 

4.92 

52.0 

4.87 

3.82 

48.7 

4.57 

8.60 

'    IH 

74.4 

7.75 

6,09 

57.7 

«.01 

4.72 

54.2 

5.64 

4.43 

81.8 

9.37 

7,37 

63.5 

7.28 

5.72 

69.6 

6.82 

6.37 

IH 

89.3 

11.2 

8.77 

69.3 

8.65 

6.80 

65.0 

8.12 

6.38 

1% 

96.7 

13.1 

10.3 

75,1 

10.2 

7.98 

70.4 

9.63 

7.49 

m 

104. 

15.2 

11.9 

80.8 

11.8 

9.25 

75.9 

11.1 

8.68 

\% 

112. 

17.5 

13.7 

86  6 

13.5 

10.6 

81.3 

12.7 

9.97 

9. 

119. 

19.8 

15.6 

92.3 

15,4 

12.1 

86.7 

14.4 

11.3 

Diameter, 
or  side. 


1-S2 

1-16 

3-32 

H 

5-32 

3-16 

1-32 

616 

% 

7-l« 

9-16 

% 
11-16 

H 
13-16 

H 

1616 
J. 
IH 
IYa 
IH 
IH 
IH 
IH 
17i 

2. 


Seamless  brass  tabes*    Principal  sizes.    Extras,  in  cents  per  pound, 
OTer  base  price.    For  base  price,  see  price  list. 
Copper  tubes,  8  cents  per  pound  extra. 


Thickness. 

Outer  Diameter,  inches. 

Stubs 
gage. 

Ins. 

M 

y^ 

1 

IK 

2 

3 

4 

6 

6 

7 

7% 

4 
11 
16 
18 
20 
22 
25 

0.288 

0.120 

0.065 

0.049 

0.035 

0.0295 

0.0230 

43 
50 
65 

12 
•« 

13 
15 
18 
21 
28 

6 

(t 

8 
9 
13 
16 
22 

3 

4< 

4 
6 
10 
15 
24 

1 

4 
6 
9 
13 

1 

*( 

4 

7 

11 

16 

2 

7 
11 
15 
20 

6 

11 
15 
19 

9 

15 
19 
23 

13 

<( 

19 
23 

27 

18 

24 
28 
82 

y  Google 


&20 


n^ALS. 


Averiftve  nltlmate  tensile  strenstli  of  Metals. 


load  per  square  inch  of  aoy 


The  ultimate  tensile  or  pulling 
material  is  frequently  called  its  conttant,  eoeffieUntf  or  nioduttu  oi 
tension,  or  of  tensile  strength. 


Pounds 

per 
sq.  inch. 


Tons 

per 

sq.  in. 


Antimony,  cast 

bismuth,  cast 

Bnias,  cast  8  to  13  tons,  say  18000  to  29000  lbs., 


wlte.  nnannealed  of  haid,  80000.    Annetded 

26,  pnosphior  wire,  hard,  150000.    Annealed. . 


Bronze,  ^_^  , 

Q9f^^  cast  18000  to  30000 

"       bolts,  280ob"to8»00a.'.7.^^^^^^^^^^^ 

**       wiitd  (annealed  IC  tons) ;  anannealed.» 

Oold,ca^. *^ 

*•     w^  26000  to  80000 - 

Gfon  metal  of  copper  and  tin,  28000  to  65000 ^ ^., 

" .     "  cast  Iron,  U.  8.  ordnance,  86000  to  4000U ^ 

Iron,  cait,  EngUrii ....18400  to  22400 

"     oifcSnaryplg..l8000  to  16000 „ 

American  cast  iron  averages  dne*fourth  mora  tkan  the  abovei. 

Aretage  cast  iron,  when  soand,  stretehes  about  .00018 :  or  1  part 
in  66M  of  its  length ;  or  ^  inch  in  67.9  ft.  for  ererr  ten  of  ten^ 
■Ue  strain  pef  sq  inch,  up  to  its  elastio  limit,  which  is  at  about 
J4  its  ireaa-strain.  The  extent  of  stretching,  holrever,  Varies 
jnnch  with  the  quality  of  the  iron ;  as  in  i^rought-iron. 

Cast,  malleable,  annealed  18  to  25  tons. 

Iton  and  Steel,  rolled. '-See  Digests  of  Specifications. 

Lead,  cast,  1700  to  2400.  ......».*..«**.* -. by  .author.. 

"      wire,  1200  to  1600.    Pipe  1600  to  1700 "       "     .- 

Platinum  wire,  annealed,  8p00.    Uhannealed « 

Steel  and  Iron,  rolled.^See  Dlg^t^  of  Specifications. 

Silver,  cast- * « * <.... 

Tin,  Enirlish  block 

"  wire 

Zinc,  ca8t...8000  to  8700;  (the  laet  by  atttfaer>....«.*.... *.»m 


1000 
8200 
28600 
49000 
68000 
24000 
80000 
88000 
60000 
20000 
27600 
89000 
88000 
17900 
14500 


48160 


mo 

1650 


41000 
4600 
7000 
8850 


.46 

1.4 
10.8 
22 
28.1 
10.7 
13.4 
14.7 
26.8 

8.9 
1S.8 
17.4 
17 

8 

6.47 


a92 

.a74 

S6 

1&8 
10 
8.1 
l.» 


iLsrft^  h^rk  of  ttt^tai  bear  less  per  sq  inch  tfaan  stnall  ones. 
IiH»n  Dars  re-rolled  cold  have  tensile  strength  increased  25  to  60  per 
ct,  with  no  increase  of  deusity.    They  are  said  to  lose  this  Strength  if  reheated. 
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iimn»,  witb  a  view  to  equalise  the  pressure,  and  thus  increase  the  streugth  of 
the  column.  But  experiments  have  proved  that  the  effect  is  directly  the  reverse, 
and  that  the  oolumn  is  materially  weakened  thereby. 

Awermge  crnsblns  load  for  Hetelft. 

It  must  be  remembered  that  these  are  the  loads  for  pieces  but  two  or  three 
times  their  least  side  in  height.  As  the  height  increases,  th6  crashing  load 
diminishes.    See  "Strength  of  Pillars." 


Cifciit  Iron,  usually 

It  it  luOftUy  MtotiMd  at  100000 IM,  or  aay  45  toD*  per  tq  Ineb.  Its 
«naibiog  ttrenttb  la  osojUIt  from  6  to  7  timet  at  great  at  itt  tentlle. 
'mibio  iu  average  elaatlo  limit  of  abo«t  15  toot  per  to  ibcb,  average 
past  iron  tbortena  about  1  part  ia  5555 :  or  H  ineb  in  56  ft  under  eaob 
ton  per  tq  ineh  of  load ;  <»  aboat  twioe  at  much  at  average  wrought 
iron.  Heooe  at  I5  tent  per  tq  ineb  it  win  ibortea  about  1  part  in  S70: 
or  full  M  inoh  in  « Int.  Dlflbreot  can  Irooa  rna^  however  vary  10  to 
15  per  ot  etthtf  wkj  trom  tblt. 

IT.  S*  Oranance,  or  gun  metal :  Some.**.^ 

Wroufrlit  Iron,  witun  elastic  limit 

Itt  elat^  limit  under  pretture  averages  about  IS  torn  per  tq  inch. 
U  begins  to  aborten  peroepclblv  uoder  8  to  10  tobs,  but  recovers  when 
the  losd  Is  removed.  With  nrom  18  to  10  tons,  it  shortens  p«ra»afi«ii%. 
about  ^tb  part  sr  iu  Mlifth ;  and  with  fratn  2T  t«  SO  tout,  about  ^th 


part,  as  averages.  The  orasbtog  weights  therefore  in  the  table  arc 
Mt  those  inAeh  abaelotely  mash  wrought  iron  entirely  out  of  shape, 
Mt  merdy  those  at  which  it  yleMs  loo  mooh  Her  most  practical  build. 


abselQtely  mash  wrought  iron  entirely  out  of  shape, 
at  which  it  ylelda  loo  mooh  Her  most  practical  build. 
tag  porposei.  About  4  tons  per  sq  inch  is  eoosHlervd  iu  average  safe 
load,  in  pieces  not  more  than  lOdlams  long  |  and  will  shorten  It  H  iadh 
in  30  ft.  average. 

Bratft,  i«dacM  ^1^  part  in  length,  by  6KMM)t  ftnd  H  ^T 
Copper,  (cast,)  crumbles ~ 

(wrought)  reduced  )|th  part  in  length,  by 

Tin,  (oast,)  reduced  J^th  in  length,  by  8800 ;  and  %  by 

l<ead,  (cast,)  reduced  U  of  ita  length,  by  7000  to  7700.... 

"       By  writer.    A  piece  finch  sq,  3  ins  high ,  at  1100  lbs  the  com* 

pression  was  1-100  of  the  ht,  at  1000,  I-l»:  at  8000,  XS;  at 

SOOO.  1-8 ;  at  7000. 1-1  of  the  ht. 

Spelter  or  Zine,  (cast.)    By  writer.    A  piece  1  inch 

square,  4  ins  high,  at  1000  lbs  was  compressed  1-400  of  iu  ht :  at  4000. 

1-100 :  at  8000.  f-IOO :  at  10000, 1-^ ;  at  10000,  1-15 ;  at  40000  yielded 

nwidly,  and  broke  into  pieoee* 

Steel,  224000  lbs  or  100  tons  shorten  it  from  .2  to  .4  part 

"  American.  Black  Diamond  steel-works,  Pituburg,  Penn. 
experiments  by  Lieut  W.  H.  Shook,  U.  S.  N.,  on  pieces  )i  in 
square;  sod  9)4  ins.  or  7  sides  long. 


Uoumpered.  100100  to  104000. 
Heated  to  ligl 


178100  to  IWIOO, 
Heated  to  light  cherr 


light  cherry  red,  then  plunged  into  oil  of  6^  Fah, 
1« 


red,  then  plunged  into  waur  of  70° 


eherrv  i     .           .       _ 
Fah :  then  tempered  on  a  heated  plate,  815400  to  840600.. . 
<>       Heated  to  light  cherry  red,  then  plunged  into  water  of  71 
Fah.  176800  to  400000. 

"^      EliMtle  limit,  15  to  27  tons 

**     (yOmpreMilon,  within  elas  limit  averages  abt 

IpartinlSSOO.or  .1  of  an  inch  in  111  ft  per  ton  per  sq  inch' 

or  .1  of  an  iiMsh  in  5.8  ft  under  21  tons  per  sq  Inch. 

Beat  Steel  knife  edfres,  of  laree  R  R  weigh  scales 

are  considered  ssfle  with  7000  lbs  pros  per  lineal  inch  of  edge ;  and 

solid  cylindrical  steel  rollers  under  bridges,  and 

roUiHfi  on  «t««i.  safe  with  V'diam  In  ins  X  3  100  000,  In  lbs  per  lineal 
inch  of  ri>ller  iiHrsltel  to  axis.    And  per  tlie  ■•■»«,  for 


lunds  per 
iq.  inch. 


85000  to  125000 


175000....... 

22400  to  85840 
mio 


..168000... 

..iiToao... 

..108000... 
....16500... 
7860... 


...887800.. 

....47040.. 


Tons  per 
sq.  Inch. 


88  to  66 


78.1 

10  to  1« 

IS 


78.6 
52.2 
46.0 
6.92 
8.28 


88.1 

148.7 

150.8 
21 


wlieels  rolling  on  wrought  Iron,  ^Diam  ins  X  851 000. 
*' cast  iron,         |/Diam  ins  X2nn2. 
u         "tuei,  I^Diaro  ins  XI 800000. 

"  •«  "         "  wrought  Iron.  VDiam  ins  X 1 024000. 

••  «<  '*         "east  iron,        ^Diam  ins  X  860000. 

"  SpeoMoations  tor  Iron  Drawbridge  at  Milwaukee,"  by  Don  J.  WhitUmore.  0.  ■. 
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ATera^e  nltiniAte  temdle  stranfftlM  •£  ««oik»,  ete. 

The  strengtht  in  all  theM 
Ubles  may  readily  be  one-third 

Pounds 

Tons 

Pounds 

Tons 

part  more  or   leea   than  our 

per 

per 

per 

per 

average*. 

sq.  inch. 

sq.  ft. 

Marble,8trong,wh.Italy.* 

sq.  inch. 

sq.  ft 

Brick,  40  to  400 

220 

14.t 

1034 

66.5 

Caen  stone,  100  to  200 

150 

9.7 

"       Champlain,varie- 

gated* 

«       Glenn's  Flls,N.Y. 

1666 

107a 

blk,»  760tol034. 

892 

67.4 

«       Montg'y   CO,  Pa, 

gray  *..... 

1176 

75.6 

"            «       white*... 

734 

47.2 

"       Lee,Ma88,white.* 

876 

66.8 

Cement    and    concrete, 

•*       Manchester,  Vt  * 

see    articles,   Cement 

550  to  800 

676 

43.4 

and  Concrete. 

"      Tennessee,  Tarie- 

gated* 

1084 

66.6 

Oolites,  100  to  200 

150 

0.7 

Plaster  of  Paris,  well  set. 

70 

4.5 

Rope,  Manilla,  best 

"     hemp,  best 

12000 

771 

Glass,  2500  to  9000 

6750  I  860.6 

16000 

965 

Glue  holds  wood  together 

1 

Sandstone,  Ohio* 

106 

6.76 

with  from  300  to  800... 

650 

35 

Pictou,  N.  S.* 

484 

27.9 

Horn,  ox 

9000 

679 

"          Oonn,  red.*..- 

690 

37.0 

Ivory. ..•••••• • 

16000 

1029 

Slate   Lehiffh* 

2475 

1691 

Leather  belts,    1500   to 

«      Peach  bot'm,*  3026 

5000.    Good 

3000 

193 

to  4600 

3812 

246.1 

Mortar,  common,  6  mos 

Stone,  Ransome's  artif.... 

800 

19.8 

old,  10  to  20 

15 

.96 

Whalebone 

7600 

480 

*  By  the  aotlior's  trials  with  one  of  Bietil^'s  testing  machines,   fiectloo* 

DkeaiM  iq iaohM. 
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VltiinHf e  average  cvnsliiii«r  ■•ads  In  tons,  per  sonars 
foot,  for  stonefii,  Ae»  The  stones  are  supposed  to  be  on  bed,  and  the  heights 
of  all  to  be  from  1.5  to  2  times  the  least  side.  Stones  generally  bcuin  to  crack  or 
split  under  about  one-half  of  their  crushing  loads.  In  practice,  neUher  stone  nor 
brickwork  should  be  trusted  with  more  than  >^  to  ■j'^th  of  the  crushing  load,  ac- 
oording  to  circumstances.  When  thoroairlily  wet  some  absorbent  sand- 
stones lose  fully  half  their  strength. 


Oranites  and  Syenites. 

Basalt - 

Limestones  and  Mar^ 

bles* 

Oolites,  good 

Brownstone : 

Connecticnt — 

"Building" 

"Bridge'^ 


300  to  1200 


Brick* 

Brickwork,   ordinary, 
cracks  with* 

Brickwork,  good,  in  ce- 
ment*   

Brickwork,   first-rate, 
in  cement 

Slate 

Caen  Stone 

"       *'     to  crack 

Chalk,  hard, 

Plaster  of  Paris,  1  day 
old 


Tons  per 
sq.ft. 


Mean. 
Tons. 


250  to  1000 
100  to  250 


570  to  970 
400  to  6ao 

40  to  300 

20  to  30 

80   to   40 

50  to 

400  to  800 

70  to  200 


20   to   30 


750 
700 


625 
176 


775 
535 


170 
25 


60 
600 
135 
70 
25 

40 


Cement,   Portland, 

neat,U.  8.  or  foreign, 

7  days  in  water 

Common  U.S.cements, 

neat,  7  days  in  water 
ConereteofPort. 

cement,    sand,   and 

gravel  or  brok  stone 

In  theproper  propor- 

tions.rammea  1  m  old 

6  months  old 

12  months  old 

With  good  eommon 

hyd     eements, 

abt  .2  to  .26  as  much 
Coif^et  beton,  3 

months  old 

Rut»ble      masonry, 

mortar,  rough 

Glass,  green.crowu  and 

flint ^ 1 

or  8  times  that  of  granite 
Ice,finnt |  12  to  18  |    15 


Tons  per 
sq.  rt. 


Mean. 
Tons 


75  to  160 
15  to  30 


12  to  18 
48  to  72 
74  to  120 


100  to  150 
15  to  35 


]300to2300 


112.5 
22.6 


16 
60 
97 


12t: 
25 


180^ 


Crnshlnir  helirlit  of  Brick  and  Stone. 

If  we  assume  the  wt  of  ordinary  brickwork  at  112  lbs  per  cub  ft,  and  that  it  would 
eniili  under  80  tons  per  sq  ft,  then  a  vert  uniform  column  of  it  600  ft  high,  would 
crush  at  its  base,  under  Its  own  wt.  Caen  stone,  weighing  130  lbs  per  cub  ft,  would 
require  a  column  1376  ft  high  to  crush  it.  Average  sandstones  at  145  lbs  per  cub  ft, 
would  require  one  4158  ft  high ;  and  average  granites,  at  165  lbs  per  cub  ft,  one 
of  8145  feet.  But  stones  begin  to  crack  and  splinter  at  about  half  their  ultimate 
crushing  load;  and  in  practice  it  is  not  considered  expedient  to  trust  them  with  more 
than  V^th  to  ^th  part  of  it.  especially  in  important  works;  inasmuch  as  settlemeuts, 
and  imperfect  workmanship,  often  cause  undue  strains  to  be  thrown  on  certain 
parts. 

The  Merchants'  shot-tower  at  Baltimore  is  246  ft  high;  and  its  base  sustains  6}^ 
tons  per  sq  ft.  The  base  of  the  granite  pier  of  Saltash  bridge,  (by  Brunei,)  of  solid 
masonry  to  the  height  of  96  ft,  and  supporting  the  ends  of  two  iron  spans  of  455  ft 
each,  sustains  9^  tons  per  sq  ft.  The  base  of  h  brick  chimney  at  Glasgow,  Scotland, 
468  ft  high,  bears  9  tons  per  sq  ft ;  and  Professor  Rankine  considers  that  in  a  high 
gale  of  wind,  its  leeward  side  may  have  to  bear  15  tons.  The  highest  pier  of  Rocque* 
favour  stone  aqueduct,  Marseilles,  is  305  ft,  and  sustains  a  pressure  at  base  of  13)^ 
tons  per  sq  ft. 

*  Trials  at  St.  liOnts  brtdK^e,  by  order  of  Capt  James  B.  Eads,  C.  B., 
nhowed  that  some  mMgneiiaa  lime«tone  did  nut  yield  under  leM  tbaa  1 100  tons  per  sq  ft.  A  column 
8  int  high,  2  iua  diam,  tboriened  0.00-^6  inch. under  pressure:   and  recovered  when  relieved. 

Experiments  made  with  the  Govt  testing  machine  at  Water- 
town,  Mass,  1882-39  K<^^®  1'^^  ^^^^  V^^  ^4  ^t  ultimate  crushg  load  for  white 
and  blue  marble  from  Lee,  Mass,  700  for  blue  marble  from  Montgomery  Go.  Pa,  980  For  limestone  from 
Consholioeken,  Pa,  500  for  limestone  from  Indiana,  840  for  red  sandstone  from  Hummelstowu,  Pa, 
S0O  to  1000  for  yellow  Ohio  sandstone ;  Phila  bricks,  flatwise ;  bard,  maobine-made,  350  to  700  tona  i 
hand-made.  700  to  1300;  pressed,  machine-made.  450  to  580 ;  Brickwork  columns,  IS  ins  sq  and  IS  iat 
high :  in  lime,  100  tons ;  in  cement.  150. 

f  Experiments  by  Ocl.  Wm.  Ludlow.  U.  S.  A.,  with  Govt  testing  machine*,  in  ISfll,  gave  fh>m  SI 
lo  M  tons  per  sq  ft  for  pare,  hard  loe ;  and  16  to  59  tons  for  inferior  grades.  The  apecimena  <9  aatf 
It-ineh  snbes)  compressed  Htol  ineh  before  crushina. 
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BtOKE   BEAMS. 
STOlCl:  BEAMS. 


Table  of  safe  quiescent  extraneous  loads  for  beams  of  yood 
bulldlni^  Srranlte  one  inch  broad,  supported  at  both  ends,  and  loaded  at  the 
center;  aMaming  the  safe  load  to  be  one-tenth  of  the  breaking  one ;  and  the  latter 
to  be  100  Ibfl  for  a  beam  1  inch  square,  and  1  foot  clear  span.  The  half  weight  of 
the  beams  tbemselres  ia  here  already  deducted  at  170 

lbs  per  cub  ft. 


1 

a 

1 

CLEAK 

BPANS  IN  PEET 

1 

2 

8 

♦  !  » 

.  1  '  h 

10 

12 

16 

ao 

Safe  center  loads  in  potmds. 

10 

6 

« 

20 

13 

10 

90 

46 

29 

21 

17 

160 

79 

62 

89 

31 

36 

21 

250 

124 

82 

61 

48 

40 

84 

360 

179 

119 

88 

70 

58 

48 

43 

32 

*90 

244 

162 

120 

96 

79 

67 

68 

45 

S6 

27 

16 

689 

819 

212 

158 

126 

104 

88 

76 

59 

47 

36 

22 

9»9 

499 

331 

248 

197 

163 

139 

120 

94 

76 

68 

88 

1439 

718 

478 

357 

284 

236 

201 

174 

137 

111 

86 

SS 

1959 

978 

660 

487 

388 

822 

274 

238 

188 

163 

118 

81 

2559 

1278 

850 

636 

507 

421 

359 

312 

246 

201 

157 

10» 

3239 

1318 

1077 

806 

643 

534 

+55 

396 

813 

257 

200 

141 

» 

3999 

1998 

1329 

996 

794 

6H0 

563 

490 

888 

319 

349 

176 

22 

4839 

2417 

1609 

1205 

961 

800 

682 

594 

470 

887 

303 

216 

2i 

6758 

2877 

1916 

1434 

1145 

951 

813 

708 

662 

463 

862 

360 

27 

7288 

S642 

2426 

1815 

1450 

1205 

1030 

898 

713 

588 

462 

332 

30 

8998 

4496 

2996  • 

2248 

1791 

1+89 

1278 

1110 

882 

728 

673 

416 

33 

10888 

6441 

3624 

271+ 

2168 

1803 

1542 

1346 

1069 

883 

696 

&06 

se 

12958 

6476 

4314 

3231 

2581 

2147 

1836 

1603 

12?6 

1054 

832 

606 

If  anlformlj  distributed  over  the  elear  span,  the  safe  eztranaoiM 
loads  will  be  twice  as  grest  aa  those  in  tlte  table. 

For  fpood  slate  on  bed  the  safe  loads  miiy  be  taken  at  abont  8  tines;  ibr 
grood  sattdstotte  on  bed  at  about  one-half:  and  for  yood  marbli^  •» 
Uniestone  on  bed  at  about  the  same  m  thoae  in  the  table. 
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MOBTAB,  BBIOKS,  &o. 

I4IME  MORTAB* 

Art.  1.  Hortar.  The  proportion  of  I  measure  of  quicklime,  either  in  ir> 
regular  lumps,  or  ground,  and  5  measures  of  sand,  is  about  the  average  used  for 
common  mortar,  by  good  builders  in  our  principal  Atlantic  cities;  and  if  both 
materials  are  good,  and  well  mixed  (or  tempered)  with  olMta  water,  the  mortar  is 
certainly  as  good  as  can  be  desired  for  simh  ordinary  purposes  as  require  no  addi- 
tion of  hydraulic  cement.  The  bulk  of  the  mixed  mortar  will  usually  exceed  that 
of  the  dry  loose  sand  alone  about  %  part. 

Quantity  reqnlred.  20  cub  ft,  or  16  struck  bushels  of  sand,  aori  4  cub  ft,  or 

S. 2  struck  bushels  of  quickJime,  the  measure»  slightly  shaken  io  both  cues,  will  make  abt  22^cub  ftof 
mortar  ;  sufficient  to  lay  lOOtt  bricks  of  the  ordiuar^  average  size  of  S%  hj  i  by  t  ins,  with  the  coari* 
mortar  joints  usual  in  interior  hause-walls,  varying  say  from  H  to  H  'J^cli-  With  such  joints,  lOOl 
«ach  bricks  make  2  cubic  yards  of  massive  work.  Nearly  one-third  of  the  ma38  is  mortar.  For 
out«lde  or  showing  joints,  where  a  whiter  and  neater  looking  mortar  is  required,  house-builders  in- 
«r«ase  (he  proportion  of  lim*  to  1  in  4,  or  I  in  S,  For  mortar  of  fine  screened  gravel,  for  cellar- walla 
of  stone  rubble,  o^  coarse  brickwork.  1  measure  of  lime  to  6  or  S  of  gravel,  is  usual ;  and  the  mortar 
is  good.  In  average  rough  maMtve  rubble,  ait  In  the  foregoing  brickwork,  about  one  third  the  maai  il 
mortar:  consequently  a  cubic  yard  will  require  about  as  much  as  500  such  bricks  ;  r>r  10  cubic  feet,  (8 
■truck  hushel.i)  of  sand  ;  aud  2  cub  ft,  or  1.6  bushels  of  quicklime.  Superior,  wetl-scabbled  rubble, 
carefully  laid,  will  contain  but  about  4  of  it«  bulk  of  mortar ;  or  &>j  cub  ft  sand,  aud  1.1  cub  ft  htne, 
per  oob  yard. 

For  pablio  engloeerlnf  works,  eapeiriaUy  in  mMilTe  odm.  or  where  expoeed  to  dampn«*a,  an  addi- 
tion should  be  made  In  either  of  the  foregoing  mortars,  of  a  quantity  of  good  liy<l 
eement,  equal  to  about  U  of  the  lime;  or  still  better,  %  of  the  lime  shouldbe 
omftted.  and  an  eqnal  measure  oroement  be  sabetitoted  for  It.  If  •xp«sed  t»  WAter  while 
««lte  aew*  use  little  or  no  lime  outatde. 

With  bricks  of  8W  by  4  by  2  ins,  the  following  are  the  qnanttties  of  mor- 
tar and  of  bricks  for  a  cubic  yard  of  masst ve  work. 

Thickness  Proportion  of  Mortar  No.  nf  Bricks  No.  of  Bricks 

of  Joints.  in  the  whole  nuiss.  per  cub  jarcU  per  oub  lout. 

^Inoli about   ^    eon Zi.sa 

J    "      "        I    574 2i.W 

I"      "      3*|y 533  19.83 

J    '•      "       J    475  17.60 

I"      "      li «8  16.04 

In  estimating  for  bricks  in  massiye  work^  allow  S  or  8  per  et  for  waate ; 

and  in  common  bulldinga,  5  per  ct,  or  more.  Much  of*  the  waste  is  Incorred  in  catting  bricks  to  (It 
angles,  Ao.  In  Philadelphia  a  barrel  of  lump  lime  is  allowed  for  1000  bricks ;  or  for  2  perohea  (25  cub 
ft  each)  of  rough  cellar-wall  rabble.  Somewhat  leas  mortar  per  1000  is  eontained  in  thin  walla,  than 
in  massive  engineering  atructurea ;  because  the  former  hare  proportionally  more  oataide  face,  whieh 
does  not  require  to  be  covered  with  mortar ;  but  thin  walls  involve  more  waste  while  building ;  so  that 
both  require  about  the  same  qaantitv  of  materials  to  be  provided.  Careful  experiments  abow  that 
mortar  becomea  harder,  and  more  adhesive  to  brick  or  stone,  if  the  proportion  of  lime  is  increaaed. 
Hence,  on  our  public  works  the  proportion  of  one  measure  of  quicklime  to  8  of  sand,  is  usually  speo- 
illed,  but  probably  never  used. 

litinc  i»  nsaally  sold  in  Inmp,  by  the  barrel,  of  about  230  lbs  net, 
or  260  Its  gross.  A  liMipeA  fcwshrt  of  lump  Unie  averages  aboat  75  As.  Chpomd  Qnlekllme, 
loose,  averagea  about  70  lbs  per  atruck  buahel ;  and  3  buabels  loose  joat  QU  a  common  flour  barrel ;  but 
Arum  3.5  to  3.T5  bnsbela.  or  245  to  260  lbs  oan  readily  be  oompaoted  into  a  barrel. 

General  remarks  on  mortar  and  lime.  On  too  great  a  pro- 
portioa  of  oar  public  works,  ths  eomnon  lime  mortar  may  be  seen  te  be  rotten  and  useless,  wb«v  it 
kM  beeo  exposed  to  mototore ;  whiob  will  be  earried  by  the  capillary  action  of  earth  to  several  feet 
above  the  natural  surface:  or  as  far  below  the  artificial  snrfaoe  of  embankments  deposited  behind 
abutments,  retaining- wall  a,  Ac.  The  aame  will  frequently  be  seen  in  the  aofflta  of  arches  under  em* 
bankments.  Common  Nme  mortar,  thut  expottd  to  conntant  moiatitre,  wiU  nevmr  harden  properiy. 
Even  when  very  old  and  hard,  it  absorbs  w*ter  fVeely.     Cement  atao  doe*  so,  hut  hurdens. 

Brlckdnst,  or  burnt  clay,  improves  comroon  mortar;  and  makes  it  hydraulic. 

In  localities  where  sand  cannot  be  obtained,  burnt  olay.  greond,  m»y  be  substituted ;  and  will  gea* 
era  My  give  a  better  mortar. 

Protection  of  qnlekllme  from  moistare,  even  that  of  the  air,  is 
gbsolutely  essential,  otherwise  it  undergoes  the  process  of  air-slackln§:,  or 
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■pooUneoos  tlaokiDt,  by  whi«b  U  beoomeB  redneed  to  powdar  m»  when  slaeked  hy  water  m  osoa, 
bat  witbout  beatint.  and  wltb  but  little  twelllng.  At  tKI>  air  alaeklDg  require*  from  a  few  montba  tt 
a  year  or  more,  depending  on  quality  and  ezpoeore,  itgires  tbe  lime  time  to  absorb  suffloient  oarbonie 

acid  from  the  air  to  injure  or  destroy  its  efficacy,  fiut  qnicklime  will  keep 
irood  for  a  lona-  tlin«  if  first  ground,  and  then  well  packed  in  air-tight 

barrels.  The  grinding  also  breaks  down  refraetorr  particles  found  in  all  limes,  and  which  injure  the 
mortar  by  not  slacking  uoUl  it  has  been  made  and  used.  For  tbe  same  reason  it  is  better  that  lime 
■hoald  not  be  made  into  mortar  as  soon  as  It  is  slacked,  bnt  be  allowed  to  remain  slacked  for  a  day  or 
two  (or  erra  sereral)  protected  from  rain.  sun.  and  dnst. 

Ume  slacked  iu  irre«t  bulk  may  char  or  eyen  set  fire  to  wood. 
liime  paste  and  mertor  will  keep  A»r  years,  and  improye,  if  well 

buried  in  the  earth.  Also  for  months  If  merely  ooTered  in  heaps  nnder  shelterr  with  a  thiek  layer  o« 
■and.    Tbe  paste  shrinks  and  cracks  in  drying ;  bnt  tha  sand  tn  morUr  prerents  (his. 

As  approximate  aYeraces  varying  much  according  to  the  character  and 
degree  of  •uming  of  tbe  limestone;  and  to  tbe  fineness  or  coarseness  of  tbe  sand,  one  measure  of 
good  qnicklime,  either  in  lump,  or  ground ;  if  wet  with  about  H  a  measure  of  water,  will  within  less 
than  an  hour,  slack  to  about  2  measures  of  dry  powder.  And  if  to  this  powder  tbere  be  added  about 
Ji  more  measures  of  water,  and  3  measures  of  dry  sand,  and  tbe  whole  thoroughly  mixed,  the  result 
will  be  about  SH  measures  of  mortar.  Or  the  same  slacked  dry  powder,  with  about  1  measure  of 
water,  and  5  measures  of  sand,  will  make  about  5^  measures  of  mortar.  In  both  cases  the  bulk  of 
tbe  mortar  will  be  about  H  part  greater  than  that  of  the  drr  sand  alone.  It  Hot  a  measure  of  water 
be  used  for  slacking,  the  result,  instead  of  a  dry  powder,  will  be  about  1 H  measures  of  stiff  paste ;  or 
with  1  whole  measura  of  water  for  slacking,  tbe  result  will  be  about  IH  measures  of  tbin  paste,  of 
about  tbe  proper  consistence  for  mixing  with  the  sand.  Very  pure,  fat  limes,  slack  quickir ,  and  make 
about  from  3  to  8  measures  of  powder ;  while  poor,  iMogre  ones,  require  more  time,  ana  swell  less 
Blow  slacking,  and  small  sweUinc,  in  ease  the  Ume  has  been  properly  bnmt,  are  not  in  general  bad 
properties ;  but  on  the  contrary,  nsnally  indicate  that  it  is  to  aome  extent  hydraulic.  In  this  case  it 
makea  a  better  mortar ;  aspaelally  for  works  exposed  to  metstnn,  or  to  the  weather.  Very  pure  limes 
are  tbe  worst  of  all  for  such  eqwsnraa;  or  are  bad  waa<A0r>i<iiMS  ;  and  in  important  works,  should 
iMTor  be  used  witbout  cement. 

Shell  Ume  appears  to  be  about  the  same  as  that  Arom  the  purest  limestones; 

but  that  from  chalk  is  still  more  inferior,  and  will  not  bear  more  than  about  1  \i  measures  of  sand ; 
its  morur  never  baoomas  rmrj  hard.  Madrepores  (oomuonly  ealled  eoral)  appear  to  furolNh  a  lime 
Intermediate  between  those  or  ohaUc  and  limestone.    They  require  to  be  but  moderately  burnt. 

The  Hwersage  weti^ht  of  common  hardened  mortar  is  about  105  to  115  ft>s 

per  cub  ft. 

Groat  is  merely  common  mortar  made  so  thin  as  to  flow  almost  like  cream. 

It  is  intended  to  All  interstices  left  in  the  mortar-Joints  of  rough  masonry;  but  unless  itoontains  a 
large  amount  of  cement.  It  is  probably  entirely  worthless;  since  the  great  quantity  of  water  iigures 
tbe  properties  of  linie ;  and  moreover,  iu  ingredients  separata  from  each  other;  tbe  sand  settling  be- 
low tbe  lime.  Besides  this,  it  will  never  harden  thoroughly  in  the  interior  of  thick  manses  of  ma- 
sonry :  indeed,  the  same  may  probably  be  said  of  any  oonunon  lima  mortar.  In  such  positions,  it  has 
been  found  to  be  perfectlv  soft,  after  tbe  lapse  of  many  years. 

Both  the  sand  ana  the  water  for  lime  mortar,  should  be  lk>ee  from  elay  and 

salt.  The  clay  may  be  remoyed  by  thorough  washing;  but  it  is  extremely  dif- 
ficult to  gat  rid  of  tbe  salt  ttom  aeasbara  sand,  even  by  rapaatsd  washings.  Enough  will  seneraliy 
remain  to  keep  tbe  work  damp,  and  to  produce  effloresoenocs  of  nitre  on  the  surfaoe ;  whether  with 
lime,  or  with  cement  mortar.    Slacking  by  salt  water  gives  less  paste  than  trtnh. 

Moriar  should  not  be  mixed  upon  the  surface  of  clayey  ground ;  but  a  rough  board,  brick,  or  stone 
platforni  should  be  interposed.  Pit  sand  sifted  from  decomposed  gneiu,  and  other  allied  rocks,  is  ex- 
eellent  for  mortar;  iu  sharp  angles  making  with  the  lime  a  more  coherent  mass  than  the  rounded 
grains  of  river  or  sea  sand.  Mortar  should  be  applied  wetUr  in  hot  than  in  cold  weather ;  especially 
in  brickwork ;  otherwise  tha  water  ia  too  moeh  absorbed  by  the  masonry,  and  the  mortar  Is  thereby 
liUured. 


The  tenacity,  or  eohestve  strenarth,  that  is,  the  resistance  to  a  pull 

of  good  common  lime  mortar  of  tbe  usual  proportion*  of  lime  and  sand,  aa^  6  mantha  old,  ia  about 
from  IStoSOlbspersqinoh;  or  .M  to  1.9  tons  per  sq  ft.    With  laas  aani,  «r  wUh  greatar  age,  it  will 
be  stronger. 
The  crashing  strength  of  good  common  mortar  6  months  old  ia  from  158 

to  .100  lbs  per  sq  inch,  or  9.7  to  I9.S  tons  per  sq  foot. 

The  slidtnir  resistance,  or  that  which  common  mortar  opposes  to  any 
force  tending  to  make  one  course  of  masonry  slide  upon  another,  is  stated  by  Roudelet,  to  be  bnt  6  fta 
per  sq  inch ;  or  about  one  third  of  a  ton  per  sq  ft,  in  morur  8  months  old. 

Transverse  strength  of  good  common  mortar  6  months  old.   A  bar  1 

Inch  square  and  It  ins  clear  span,  breaka  with  a  center  load  of  4  te  8  lbs. 

The  lime  In  mortar  deeays  wood  rapidly,  especially  in  close, 

damp  sUaatlooB.  Still  tha  snaking  of  tiasbar  for  a  week  or  two  in  •  solution  of  qniokUme  in  water 
appesjra  to  act  as  a  preaervativa.  Ir«a«  so  completely  embedded  in  mortar  as  te  exclude  mir  and 
moisture,  haa  been  fannd  perfeet  aAar  1100  jaarai  bnt  if  the  mortar  admitt  moisture  the  iron  deoaja. 
Bo,  probably,  with  other  matals. 

The  adhesion  to  common  hrleks,  or  to  roash  rnbhle  at  any 

age  will  average  aboai  9i  of  the  eohesiva  strength  at  tha  aame  age ;  or  aay  12  to  24  fts  par  sq  inch,  or 
.75  to  1.6  ton  par  aq  It  at  6  months  old.  If  eare  be  taken  to  exclude  dust  antiraly,  bv  dipping  each 
brick  into  wafter  balbra  laying  it,  or  1^  sprinkling  the  stone  by  a  hose.  4o,  the  adhestoo  wUl  ba  in' 
creased.  On  ttao  other  hand,  mneh  dost  may  almost  prevent  any  adhesion  al  all.  Tha  praeantion  of 
wetting  is  especially  neoeasary  In  very  hot  weather,  to  prevent  the  warm  brieka  or  stone  trom  tdOp 
lair  the  psrCar  by  the  rapid  abaorptlon  and  eraparatton  of  Ka  water.  \  TIm  aikcitoa  ts  revf 
iHM«lk  kari  jroaili  WMMb  or  la  smoothly  draaaad  or  sawad  atona  la  aonslderabljr  laaa. 
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BRICKS. 

Art.  2.  Brlelum  stae,  weicbt,  Ac.  A  brick  8Ji5  X  4  X  2  ins  contains 
86  cub  ius :  or  26.2  bricks  to  a  cub  ft ;  or  707  bricks  to  a  cub  yard. 

In  ordering  a  large  number,  a  minimum  limit  of  dimension  should  be  specified, 
iu  order  to  prevent  fraud*  A  brick  3>i  inch  less  each  way  than  the  above,  cou- 
tains  but  52.5  cub  ins ;  thus  reouiring  full  25  per  cent  more  bricks  to  do  the  same 
work,  and  25  per  ct  more  cost  for  laying,  which  is  generally  paid  by  the  1000. 

Tbe  weijprlit  of  a  good  oommou  brick,  8.25  X  4  X  2  ius,  will  average  about 
4.5  fi>s ;  or  lis  ft>s  per  cub  ft  =  3186  lbs  or  1.42  tons  per  cub  yard ;  or  2.01  tons  per 
1000.  A  good  proved  brick  of  the  same  size  will  average  about  6  fi>8,  =  131  fhs 
per  cub  ft  =  3587  lbs  or  1.58  tons  per  cub  yd ;  or  2.23  tons  per  1000.  Since  the 
weiffht  of  hardened  mortar  averages  but  little  less  than  that  of  good  common 
brick,  we  nmy  for  ordinary  caloulations  assume  the  welirl^t  of  briefcworfc, 
with  common  bricks,  at  1.4  tons  per  cub  yard,  or  116  lbs  per  cub  ft ;  and,  with 
pressed  brick,  at  1.56  tons  per  oub  yd,  or  129  fi>a  per  cub  ft. 

In  water,  either  brick  will  in  a  few  minutes  absorb  from  >^  to  ^  lb  of 
water :  or  0.1  to  oue-seventh  of  the  weight  of  a  pressed  brick,  or  ^  to  one-third 
of  its  bulk. 

Number  of  brlekfl  SH  X  4  X  S,  required  per  sq  foot  of  wall,  allow- 
ing for  the  usual  waste  in  cutting  bricks  to  fit  corners,  jambs,  Ac.: 

Wall   SV^ins,  orl     brick 14  bricks    I    Wall  21>^  ins,  or  2K  brick 86  bricks 

••    1255    "    or  13^      "     21      *'  ♦•    2^   "    or  8         "    „...42      " 

••    17       "    or  2         "     .....28      "       | 

iMylng^  per  day.  A  bricklayer,  with  a  laborer  to  keep  him  supplied  with 
materials,  will,  in  common  house  walls,  lay  on  an  average  about  1500  bricks  per 
day  of  10  working  hours.  In  the  neater  outer  faces  of  back  buildings,  from  lOQO 
to  1200 ;  ia  good  ordinary  street  fronts,  800  to  1000 :  or  of  the  very  finest  lower 
storv  faces  used  in  street  fronts,  from  150  to  800,  depending  on  the  number  of 
angles,  Sui,  In  plain  massive  engineering  work,  he  should  average  about  2000 
per  day,  or  4  cub  yds ;  and  in  large  arches,  about  1500,  or  3  cub  yds. 

Since  bricks  shrink  about  ^  part  of  each  dimension  in  dryin^r  and  burning, 
the  monlds  should  be  about  ^  part  larger  each  way  than  the  burnt  brick  Is 
intended  tp  be.    Good  well-burnt  bricks  will  ring  when  two  are  struck  together. 

At  the  brick-yards  about  Philadelphia,  a  brick-moulder's  work  is  2383  bricks 
per  day ;  or  14000  per  week.  He  is  assisted  by  two  bovs,  one  of  whom  supplies 
the  pr^>ared  clay,  moalding  sand,  and  water ;  while  the  other  carries  away  the 
bricks  as  they  are  moulded.  A  fourth  person  arranges  them  in  rows  for  drying. 
Ab<»ut  %  of  a  cord,  or  96  cub  ft  of  wood,  is  allowed  per  1000  for  burning.  Where 
ooal  is  used,  the  kilns  are  fired  up  with  anthracite,  and  the  finishing  is  done  with 
bituminous.    One  ton  of  coal,  in  alU  makes  4500  bricks. 

For  pawing  sidewalks  the  bricks  are  laid  on  a  6-inch  layer  of  gravel, 
which  should  be  free  from  clay,  and  well  consolidated.  With  bricks  of  8>^  X  4 
X  2  ins,  with  Joints  from  M  to  ^  inch  wide,  a  square  yard  requires,  fiatwise, 
88  bricks ;  edgewise,  78 ;  endwise,  149.  An  average  workman,  with  a  laborer  to 
supply  the  bricks  and  gravel,  will  in  10  hours  laT  about  2000  bricks ;  or  53  sq  yds 
flat,  27  edsewise,  13  endwise.    When  done,  sand  is  brushed  into  the  joints. 

Art.  S.  Tbe  erosblnv  strennftb  of  bricks  of  course  varies  greatly. 
A  rather  soft  one  will  crush  under  from  450  to  600  fits  per  sq  inch ;  or  aoout  80 
to  40  tons  per  sq  ft ;  while  a  first-rate  machine-pressed  one  will  require  about  200 
to  400  tons  per  sq  ft,  or  about  the  crushing  limit  of  the  best  sandstone;  two- 
thirds  that  of  the  best  marbles  or  limestones ;  or  }^  that  of  the  best  granites, 
or  roofing  slates.  But  masses  of  brickwork  crush  under  much  smaller  loads 
than  single  bricks.  In  some  English  experiments,  small  cubical  masses,  only 
9  inches  on  each  edge,  laid  in  cement,  crushed  under  27  to  40  tons  per  sq  ft. 
Others,  with  piers  9  ins  souare,  and  2  ft  3  ins  high,  in  cement,  only  two  days 
after  being  built,  required  44  to  62  tons  per  sq  f t  to  crush  them.  Another, 
of  pressed  Drick,  in  best  Portland  oement,  is  said  to  have  withstood  202  tons 
per  sq  ft ;  and  with  common  lime  mortar  only  V  as  much. 

It  mast,  however,  be  remembered,  that  cracking  and  splitting  usually  com- 
mence under  about  one-half  the  crushing  loads.  To  be  safe,  the  load  should  not 
exceed  yi  of  the  cmshing  one ;  and  so  with  stone.  Moreover,  these  experiments 
were  made  upon  low  masses ;  and  the  strength  decreases  ¥^th  the  proportion 
of  I  he  height  to  the  thickness. 

The  pressure  at  the  base  of  a  brick  sbot-tower  in  Baltimore.  246  feet  high,  is 
estimated  at  6}^  tons  per  sq  ft ;  and  in  a  brick  chimney  at  Glasgoiv,  Scotland, 
468  feet  high,  at  9  tons.  Professor  Rankine  calculates  that  in  heavy  gales  this  is 
increased  to  15  tons,  on  the  leeward  side.  ^  I 
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With  our  present  imperfect  knowledge  on  Utit  satdert,  it  cannot  be  considered  safe  to  expose  eren 
first-class  pressed  brickwork,  in  etmrnU,  to  more  than  13  or  16  tons  per  sq  ft:  or  good  hand-moulded, 
to  more  than  two-thirds  as  maob. 

Tensile  strenirt^h  of  brick,  40  to  400  lbs  per  sq  inch ;  of  S.6  to  26  tons  per  sq  tt. 
TUe  Enftrllsta  ro«l  of  brick  work  is  306  cul?  feet,  or  ll>^cub  yards;  and 

requires  about  iSOO  br<.oks  of  the  English  standard  size ;  with  aboot  75  cnb  {t  of  mortar.  The  English 
hundred  of  lime,  is  a  cub  jd. 

Frosen  mortar.  There  is  risk  in  Qsing  common  mortar  in  cold  weather.  If  the  cold 
should  continue  Jong  enough  to  allow  the  froien  morur  to  set  well,  the  work  may  remain  safe;  but  If 
a  warm  day  should  occur  between  the  freesing  and  the  setting  of  the  mortar,  the  sun  shining  on  one 
side  of  the  wall  may  melt  the  mortar  on  that  side,  while  that  on  the  other  side  may  remain  frosen 
bard.  In  that  case,  the  wall  will  be  apt  to  fall ;  or  if  it  does  net,  it  will  at  least  ali^ays  be  weak ;  for 
mortar  that  has  partially  set  while  frozen,  if  then  melted,  will  qever  regain  iu  strength.  By  the 
writer's  owq  trials  hydraulic  cemenu  seemed  not  to  be  it^ured  by  hreesing. 

ExperlmentH  for  rendering  brlclc  maiMiuvF  imperrioafl  tm 

water.  Abstract  of  a  paper  read  before  the  Amerieiin  Society  of  CivU  Bngineers,  May  4, 1870, 
by  William  L.  Dearborn,  Givfl  Engineer,  member  of  the  9oel«ty. 

The  face  waUs  of  the  B«ek  Bays  of  the  Oate-houses  of  (he  new  Groton  reserroir,  located  north 
of  Eighty-sixth  Street,  in  Oentral  Park,  were  built  of  the  best  quality  of  hard-burnt  brick :  laid  in 
mortar  composed  of  hydraulic  cement  of  New  York,  and  sand  mixed  in  tbe  proportion  of  one  measure 
of  cement  to  two  of  sand.  The  space  between  the  walls  is  4  ft :  and  was  filled  with  concrete.  Tbe  face 
walla  were  laid  up  with  great  care,  and  crery  precaution  was  t»kM  to  baj«  the  joints  w«U  filled  and 
Insure  good  work.  They  art  18  ins  thick,  and  40  ft  high ;  and  the  Bays  when  full  generally  hare  36  ft 
ef  water  in  them. 

When  tbe  reserroir  was  first  filled,  and  the  water  w»s  let  iato  the  Gate-houscf .  it  was  found  to  filter 
through  these  walls  to  a  considerable  amount.  As  soon  ^s  this  was  disooTered,  the  water  was  drawn 
ont  of  the  Bays,  with  the  intention  of  attempting  to  remedy  or  prevent  this  infiltration.  After  car»- 
folly  considering  several  modes  of  accomplishing  the  otiject  desired.  I  came  to  the  conclusion  to  try 
"  Sylvester's  Process  for  Repelling  Moisture  from  External  Walls." 

The  prooees  consists  in  nnlng  two  washes  or  solutions  for  eovering  the  syrftso*  of  brldt  waU» ;  one 
composed  of  Castile  soap  and  water ;  and  one  of  alum  and  water.  The  proportions  are :  three-quar- 
ters of  a  pound  of  soap  to  one  gallon  of  water ;  and  half  a  pound  of  alum  to  four  gallons  of  water 
both  substances  to  be  perfectly  dissolved  in  the  water  before  bein^  used. 

Tbe  walls  should  be  perfect! v  clean  and  dry  ;  and  the  temperature  of  the  air  should  not  be  helon 
SO  degrees  Fahrenheit,  when  the  cempositioas  are  applied. 

Tbe  first,  or  soap  wash,  should  be  laid  on  when  at  boiling  beat,  with  a  flat  brush,  taking  care  not 
to  form  a  froth  on  the  brickwork.  This  wash  should  remain  twentv-four  hours  ;  so  as  to  oecome  dry 
and  hard  before  the  second  or  alum  wash  is  applied ;  which  should  be  done  in  (he  same  manner  as 
tbe  first.  The  temperature  of  this  wash  when  applied  may  beCO^  or  IQP ;  and  It  should  also  remain 
twenty-four  hours  before  a  seoond  coat  of  the  soap  wash  is  put  on ;  and  these  coats  fm  to  be  repeat^ 
alternately  until  tbe  walls  are  made  impervious  to  water. 

The  alum  and  soap  thus  combined  form  aa  insoluble  compound,  filling  the  pores  of  the  masonry, 

ezperimeuts  were  made  to  tes^ 
t  wkh  these  washes,  in  order  to 
r  many  coats  the  wall  would  require  to  r«9d«r  them  impervious  to  water. 

To  do  this,  a  strong  wooden  box  was  made,  put  together  vlth  screws,  large  enough  to  hold  2  bricks; 
and  on  tbe  top  was  inserted  an  inch  pipe  forty  feet  long. 

In  this  box  were  placed  two  bricks  after  being  made  perfectly  dry,  and  then  covered  with  a  coat  of 
each  of  tbe  washes,  as  before  direeted,  and  weighed.  Th^  were  then  sufedected  to  the  pre«sttre  of  « 
eolumn  of  water  40  feet  high ;  and.  after  remniuiog  a  sufBoiest  length  of  tun^,  they  wer^  uOffa  ont 
and  weighed  again,  to  Moertain  the  amount  of  water  they  had  absorbed. 

The  bricks  were  then  dried,  and  again  coated  with  the  washes  apd  weighed,  and  snl)|}eeted  to  press- 
ure as  before ;  and  this  operation  was  repeated  until  ^e  bricks  were  found  not  to  absorb  any  water. 
Vour  coatings  rendered  the  bricks  Impenetrable  under  tbe  pressure  of  40  ft  head. 

The  mean  weight  of  the  bricks  (dry)  before  being  coated,  was  SH  lbs ;  the  mean  absorption  wat 
one-half  pound  of  wate&    An  hydrometer  was  used  in  testing  the  solutions. 

As  this  experiment  was  made  in  tbe  fall  and  winter.  (186S,)  after  the  temporary  roofh  were  put  es 
to  the  Qate-house,  artificial  heat  had  to  be  resorted  to.  to  dry  the  waits  and  keep  the  air  at  a  proper 
temperature.  The  cost  was  10.06  cts  per  sq  ft.  As  seen  as  the  last  coat  had  become  bard,  the  watar 
was  let  into  the.  Bays,  and  the  walls  were  found  to  be  perfectly  impervious  to  water,  and  they  atU) 
remain  so  in  1870,  after  about  6H  years. 

Bbick  arch  (rooTWAT  or  Rian  Bbidox).  The  brick  arch  of  the  footway  of  Hi^  Bridge  la  tlM 
arc  of  a  circle  29  ft  6  in  radius ;  imd  Is  12  in  thick ;  the  width  on  (ep  la  IT  ft;  and  the  length  eoverad 
was  1881  ft. 

The  first  two  courses  of  the  brisk  of  the  arch  are  composed  of  the  best  hard-burnt  brick,  laid  edgf* 
wise  in  mortar  composed  of  one  part,  by  measure,  of  hydraulic  cement  of  New  York,  and  two  part^ 
of  sand.  The  top  of  these  bricks,  and  the  inside  of  the  granite  coping  against  which  the  two  t<^ 
Courses  of  brick  rest  was,  when  they  were  perfectly  dry,  covered  with  a  coat  of  asphalt  ona-half  ao 
inch  thick,  laid  on  when  the  asphalt  was  heated  to  a  tamperatore  of  from  990°  t«  618°  Fa)iranhait. 

On  top  of  this  was  laid  a  conr«e  of  briok  flatwlsa,  di|){»«d  in  aq^alt,  and  laid  when  the  asphalt  waa 
botf  and  the  Joints  were  run  full  of  hot  asphalt. 

On  top  of  this  a  course  of  pressed  brick  was  laid  flatwise  in  hydraulic  cement  mortar,  forming  tlM 
paving  and  floor  of  the  bridge.  This  asphalt  was  the  Trinidad  variety :  and  was  mixed  with  10  per 
•ent,  by  measure,  of  coal  tar ;  and  35  per  cent  of  sand.  A  few  experiments  for  tastiag  the  strettgtli 
•f  thif  asphalt,  when  used  to  cement  bricka  together,  ware  made,  and  two  of  them  arc  given  below. 

Six  bricks,  pressed  together  flatwise,  with  asphalt  Joints,  were,  after  lying  six  months,  broken. 
The  distance  between  the  supports  was  13  ins  ;  breaking  weight,  900  As ;  area  at  single  Joint.  28H  M 
Ins.    The  asphalt  adhe.  d  so  strongly  to  the  brick  as  to  tear  away  tiie  surfaaa  in  many  plaeea. 
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Two  Iniokt  |>reiaed  together  end  to  end,  cemented  with  asph&lt,  were,  after  lying  6  months,  broken. 

The  distance  between  the  supports  was  10  ius ;  area  or  jomi,  8>^  sq  Ins :  breaking  weight*  150  lbs. 

The  area  of  the  bridge  covered  with  ast>haltea  briok.  was  2;i065  rq  ft.  There  was  used  MaOO  Ihs  0t 
Mphaltv  33  barrels  of  coal  tar,  10  cub  yds  of  sand,  93800  bricks. 

The  time  oooapied  was  10b  days  of  masou.i,  and  146  days  of  laborers.  Two  dumobs  and  two  laber> 
•rs  will  melt  and  spread,  of  the  Qrst  coat,  1650  sq  ft  per  day.  The  total  cost  of  this  ooat  was  5.24 
eents  per  sq  ft,  ezoloslTe  of  duty  on  asphalt.  There  were  three  grooves,  2  ins  wide  bj  4  ins  deep, 
made  entirely  across  the  brick  arch,  aud  itumediately  under  the  first  coat  of  asphalt,  dividing  the 
arch  into  four  eqaal  parts.    These  grooves  were  filled  with  elastic  paint  cement. 

This  arrangement  was  intended  to  guard  against  the  evil  eCTects  of  the  cuntraction  of  the  aroh  in 
winter;  as  it  was  ezpeoted  lu  vit^ld  slightly  at  these  points,  aud  at  do  other  point;  and  then  the 
elastic  cement  would  prevent  ikay  leakage  Uiere. 

The  entire  experiment  has  proved  a  very  successful  one,  and  the  aroh  has  remained  perfeotly  tight. 

In  proposing  the  above  plan  for  working  the  asphalt  with  the  t>rie^wM-k,  the  ol^t  waa  to  avi>id 
depending  on  a  large  sontinued  surface  of  asphalt,  as  is  usual  in  covering  archer,  which  very  fre- 

Soently  oracks  fk-om  the  greater  contraction  or  tl^e  asphalt  than  that  of  the  masonrr  with  which  it  ic 
1  contact ;  the  extent  of  the  asphalt  on  this  work  beln^  only  about  one^quarter  of  an  inch  to  eact 
briek.    This  is  deemed  to  be  an  eMential  element  in  the  sueoesa  of  the  impervious  oovering." 

A  cheap  and  effective  process  for  preventing  the  percolation  of  water  through  the  arches  of  aque 
ducts,  and  even  of  bridges,  is  a  great  desideratum.  Many  expensive  trials  with  resinous  compound* 
have  proved  failures.  Hydraulic  eement  appears  to  merely  diminish  the  evil.  Much  of  the  trouble 
is  probably  due  to  oracks  produced  by  cbangai  of  temperature* 

The  wKlte  efflorescence  so  common  on  walls,  eef)eclally  on  those  of  brick, 
is  due  to  the  presence  of  soluble  salts  in  the  bricks  and  mortar.  These  are  dissolved, 
and  carried  to  the  face  of  the  wall,  by  rain  and  other  moisture.  Sulphate  of  niagne- 
sia  (Epsom  Salt)  appears  to  be  the  most  frequent  cause  of  the  disfiguration.  In  many 
places  mortar  lime  is  made  from  dolomite,  or  magiiesian  limestone,  which  often  con- 
tains ."iO  per  cent  or  more  of  magnesia;  which  also  occm-s  frequently  in  brick  clay. 
'bal  generally  contains  sulphur,  most  frequently  in  combination  with  iron,  forming 
,he  well-known  "  Iron  pyrites  ".  The  combustion  of  the  coal,  as  in  burning  the  Ifme- 
Btone  or  clay,  in  manufactures,  in  cooking  etc,  converts  the  sulphur  into  sulphurous 
acid  gas,  which,  when  in  contact  with  magnesia  aud  air,  as  in  the  lime  or  brick  kiln, 
or  in  the  flnishod  wall  or  chimney,  becomes  sulphuric  acid  and  unites  with  the  mag- 
nesia, forming  the  soluble  sulphate.  We  are  not  aware  of  any  remedy  that  will  pre- 
vent its  appearance  under  such  circumstances ;  but  the  formation  of  the  sulphate  may 
be  prevented  by  the  use  of  limestone  and  brick -clay  free  from  magnesia. 
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General   Principles. 
The  elements  chiefly  concerned  in  the  action  of  lime  and  cement 
mortars  are — 

Calcium,       Ca 
Aluminum,  Al 

Carbon,  C     •  Oxygen,  O. 

Silicon,  Si 

Hydrogen,    H    ^ 
Oxygen  combines  with  each  of  the  others,  forming  oxides.    Thus: 
Calciiun  oxide,  CaO,  is  lime; 
Aluminum  oxide,  AJsOs,*  is  alumina; 
Carbon  dioxide,  CO^ ,  is  carbonic  acid ; 
Silicon  oxide,  SiO«,  is  silica,  or  siUcio  acid;t 
Hydrogen  oxide,  HjO,  is  water. 

Limestone  is  a  calcium  carbonate,  or  combination  of  lime  and  carbonic 
acid,  OaO  -f  CO9,  or  CaCOs. 

Clay  (including  argillaceous  minerals  in  general)  is  an  aluminum  silicate-, 
«r  combination  of  alumina  and  silicic  acid,  AlsOs  +  SiOs. 

liime.  When  limestone  (without  clay)  is  "  burned/'  its  CO2  is  driven  off, 
and  the  remaining  (**quick**)  lime  has  a  strong  affinity  for  water,  absorb- 
ing  it  with  such  avidity  as  to  develop  heat  sufficient  to  produce  steam, 
the  generation  of  which  disintegrates  and  swells  the  mass.  Combining  thus 
with  the  water,  the  lime  forms  calcium  hydrate,  CaCHjO,  or  CallaOg. 
This  process  is  called  slaking  or  slacking;  and  lime  which  has  satisfied  its 
affinity  for  water  is  called  slaked  (or  slack)  lime.  When  slaked  lime  is  used 
as  mortar,  it  gradually  absorbs  carbonic  acid  from  the  air,  forniing  calcium 
carbonate,  the  water  being  liberated  and  evaporated.  Hardened  lime  mortar 
may  thus  be  regarded  as  an  artificial  limestone. 

Cement.  When  aluminum  silicate,  such  as  clay,  in  sufficient  Quantities, 
is  burned  with  calcium  carbonate,  such  as  limestonCj  the  burned  product, 
called  cement,  is  deficient  in,  or  devoid  of,  the  slaokm^  propertv;  but,  on 
the  other  hand,  when  it  is  made  into  mortar,  the  combmations,  formed  be- 
tween the  elements  of  the  lime,  the  alumina,  the  silica  and  the  water,  during 
the  burning,  and  afterward  in  the  mortar,  are  such  that  they  readilsf  proceed 
under  water.  Chemists  differ  as  to  the  nature  of  these  combinations.  If 
free  lime  remains  in  the  mortar,  calcium  carbonate  is  formed  by  reabsorption 
of  carbonic  acid  from  the  air,  as  in  the  case  of  lime  mortar. 

Setting:,  or  the  loss  of  plasticity,  usually  occurs  within  a  few  hours  (some- 
times within  a  few  minutes)  after  mixing  cement  with  water;  whereas 
hardening:  (which  appears  to  result  from  a  different  set  of  chemical  pro- 
cesses) often  proceeds  for  months  or  even  years. 

The  proi>erty  of  setting  and  hardening  under  water  is  called  hydraulic^ 
ity;  and  cements  which  do  not  slack,  but  which  harden  under  water,  are 
called  hydraulic  cements;  or,  more  briefly,    ements. 

Hydraulic  lime  is  a  name  given  to  cements  (much  used  in  Europe) 
which,  while  to  some  extent  hydraulic,  do  not  contain  enough  of  the  hydrau- 
lic elements  to  prevent  slaking.  The  slaking,  however,  is  slower,  and  the 
swelling  less,  than  with  lime  proper. 

The  ratio  of  the  weight  of  aluminum  silicate  to  that  of  the  lime,  in  a  ce- 
ment, is  called  its  hydraulic  index.  Other  things  being  equal,  it  may 
be  used  as  an  indication  of  the  hydraulicity  of  the  cement. 

Natural  and  Portland  Cements.  Many  natural  limestones  contain 
clay  in  such  proportion  that  they  afford  cements  when  burned.  Cements 
so  made  are  called  natural :  while  those  which  result  from  the  burning  of  arti- 
ficial mixtures  of  lime  carbonates  and  aluminum  silicates  are  called  artificial, 
and,  when  certain  refinements  (see  below)  are  observed,  "Portland"  cement. 

In  making  natural  cement,  the  material  is  burned  in  lumps;  but  for 
Portland  cement  the  material  is  finely  ground  before  burning,  and  the 

*  The  subscripts  indicate  the  combining  ratios  of  the  several  elements. 
Thus,  in  alumina,  AI2O8  means  a  compound  of  2  atoms  of  aluminum  with  3 
'  oxygen. 

Quarts  is  silica;  and  most  of  the  sand  used  ii%iinort4nid<^gwts  sand. 
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burning  is  done  ftt  ft  high  temperature,  producing  incipient  vitrif action.  In 
both  natural  and  Portland  cements,  the  burned  product  is  ground  to  an 
impalpable  powder. 

In  natural  cement,  the  hydraulic  index  usually  varies  between  0.60  and 
1.50;  in  Portland  cements,  between  0.40  and  0.60. 

The  higher  cost  of  Portland  cement  is  due  to  the  more  careful  selection  of 
the  materials  and  to  the  more  elaborate  and  expensive  treatment  given  them, 
resulting  in  the  ultimate  attainment  of  much  greater  strength. 

The  name  Bosendale,  originally  and  proi>erly  restricted  to  natural 
cements  made  in  Ulster  County.  New  York,  is  often  applied  indiscriminately 
to  American  natural  cements  in  general. 

Limestones  containing  masmesla  are  called  Dolomltic  liimestones  or 
Dolomites.  The  presence  of  more  than  3  per  cent,  of  magnesia,  in  the 
finished  product,  is  usually  considered  objectionable. 

Cemeat    Mortar. 

Cement  mortar  oonsists  of  cement  and  some  inert  granular  material, 
as  sand,  fine  gravel  or  groimd  cinder,  mixed  with  water. 

Owing  to  the  cheapness  with  which  cements  are  now  manufactured,  and 
the  superiority  of  the  mortars  made  from  them,  the  latter  have  to  a  great 
extent  superseded  lime  mortars,  even  in  ordinary  building  operations. 

Amount  of  Mortar  Required  for  a  Cubic  Yard  of  Masonry.* 

Mortar. 
Description  of  Masonry.  Cu.  yd. 

Min.     Max. 

Ashlar,  18*  courses  and  i*  joints, 0.03    0.04 

*'       12*        "         "      "       "         0.06    0.08 

Brickwork  (bricks  of  standard  site,  8i  X  4  X  2i  ins.) : 

i*  joints, 0.10     0.15 

I*  to  i*  joints , 0.26    0.35 

f  •  to  i*  joints 0.35     0.40 

Rubble,  of  small,  rough  stones, 0.33    0.40 

**         "  large  stones,  rough  hammer-dressed,   0.20    0.30 

Squared-stone  masonry,  18*  courses  and  I*  joints, 0.12    0.15 

"  "         12*         "         "     "        "      0.20    0.25 


Cement  and  Sand  Required  for  1  Cubic  Yard  of  Mortar.* 


"8"S 

Mortar  Proportioned 
by  Weight. 

Mortar  Proportioned  by  Volumes 

of  Packed  Cement  and 

Loose  Sand. 

Portland. 

Natural. 

Portland. 

Natural 

u 

Cement. 

Sand. 

Cement. 

Sand. 

Cement. 

Sand. 

Cement. 

Sand. 

Bbl. 

Cu.Yd. 

Bbl. 

Cu.Yd. 

Bbl. 

Cu.Yd. 

Bbl. 

Cu.Yd. 

0 

7.40 

0.00 

7.91 

0.00 

7.40 

0.00 

7.91 

0.00 

1 

4.05 

0.57 

4.92 

0.61 

4.17 

0.67 

4.68 

0.68 

2 

2.80 

0.78 

3.43 

0.72 

2.91 

0.78 

3.04 

0.76 

3 

2.00 

0.85 

2.54 

0.80 

2.08 

0.86 

2.24 

0.81 

4 

1.60 

0.89 

2.04 

0.84 

1.66 

0.89 

1.70 

0.86 

5 

1.30 

0.91 

1.64 

0.86 

1.36 

0.91 

1.39 

0.88 

6 

1.10 

0.93 

1.40 

0.88 

1.14 

0.93 

1.28 

0.89 

*  Taken,  by  permission,  from  "A  Treatise  on  Masonry  Construction,"  by 
Prof.  Ira  O.  Baker.     NewYork.  John  Wiley  A  Sons.     9th  edition.  1899. 
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The  •!!•€«•  of  eoJd  upon  P<Mrtl*nd  ooBMXito.  «HluiiifU  it  i^Ards  tb« 
ac^ting,  do  not  appear  to  be  serious  otherwiiM.  £veo  tf  Portkuod  cement 
mortar  freezes  almost  as  quickly  as  the  masonry  is  laid  with  it,  it  does  not  seem 
to  depreciate  materiAUy.  We  have  found  tms  to  be  the  ease  also  with  lime 
mortar ;  even  when,  a  few  hours  after  freesins,  the  temperature  became  so  high 
as  to  soften  the  frozen  mortar  afl;ain.  But  althouffb  tke  mortar  of  either  lime 
or  cement  may  not  thereby  be  injured,  the  work,  especially  in  thin  brick  waLs, 
may  be  ruined  and  overthrown.  Thus,  if,  soon  after  the  mortar,  through  the 
entire  thickuess  of  such  a  wall,  be  frozen,  the  sun  shines  on  one  face  of  it,  so  as 
to  soften  the  mortar  of  that  face,  while  the  mortar  behind  it  remains  hard, 
it  is  plain  that  the  wall  will  be  liable  to  settle  at  the  heated  face,  and  at  least 
bend  outward  if  it  does  not  fall.  Coatings  of  cement,  applied  to  the  backs 
of  arches  on  the  approach  of  winter,  and  left  unprotected,  have  been  found 
entirely  broken  up  and  worthless  on  resuming  work  the  next  spring. 

Alternate  freezing:  and  thawing  are  apt  to  disintegrate  both  natural 
and  Portland  cement  mortars. 

The  heating  of  sand  and  eemelit^  in  freezing  weather,  seems  to  be  a 
bad  praetioe,  especially  if  they  be  plaeed  m  cold  water.  But  for  useowt  of 
water  Mr.  Maclay  says  they  may  be  heated  to  60^  or  <K)^.  Cold  water  loir 
mixing  is  probably  no  farther  injmious  than  that  it  retards  the  setting. 

Strengtlis. 
Factors  Affecting  Strength.  The  strength  of  samples,  under  test,  is 
much  affected  by  the  temperature  of  the  air  ana  water,  as  also  by  the  degree 
of  force  with  which  the  cement  is  pressed  into  the  molds ;  by  the  extent  of 
setting  before  being  put  into  the  water,  and  of  drying  when  taken  out ;  and 
still  more  by  the  pressure  under  which  it  sets,  which  increases  the  strength 
materially.  On  this  account,  cements  in  actual  masonry  may,  under  ordi- 
nary circumstances,  give  better  results  than  in  tests  of  samples.  The 
causes  named,  together  with  the  degree  of  thoroughness  of  the  mixing  or 
gaging,  the  proportion  of  Water  used*  and  other  considerations,  may  easily 
affect  the  results  100  per  cent,  or  even  much  more.  Hence  the  discrepcuicies 
in  the  reports  of  different  experimenters.  Specimens  of  the  same  cement, 
tested  under  apparently  similar  conditions,  may  give  widely  different  results. 
The  Bureau  of  Surveys,  Philadelphia*  requires,  1901,  the  follow- 
iag  tensile  strengths,  in  lbs.  per  sq.  inch;  1  dfvy  in  air,  remainder  in  water: 

7  days.  28  days. 

Portland,  neat .' 500  600 

"         3  parts  sand,  laboratory  test, 170  240 

"         3      "  '*     mortar  from  mixing  box.  125  175 

Natural,  neat, 200  300 

2  parts  eand,  laboratory  test. 120  200 

"         2      "  "      mortar  from  mixing  box,     50  125 

See  also  diagrams,  p.  933,  and  Requirements,  p.  942. 

Portland  and  Natural  Cements.  Effect  of  Age.  The  diagram  * 
opposite  illustrates  approximately  the  strengths  of  average  Portland  and  of 
average  natural  cements,  neat  and  with  proper  doses  of  sand,  up  to  an  age 
of  two  years.  Tests  may  readily  vary  10  per  cent,  or  more  either  way  from 
the  arerage. 

Cements  of  the  same  class  differ  much  in  their  rapidity  of  hardenlnfiT* 
At  the  end  of  a  month  one  may  gain  nearly  one-half  of  what  it  will  gain  in  a 
year,  and  another  not  more  than  one-sixth;  yet  at  the  end  of  the  year  both 
may  have  about  the  same  strength.  Hence,  tests  for  1  week  or  1  month 
are  by  no  means  conclusive  as  to  the  final  comparative  merits  of  cements. 

Many  years  are  required  to  attain  the  greatest  hardness  $ 
but  after  about  a  year  the  mcrease  is  usually  very  smaill  and  slow,  especially 
with  neat  cement.  Moreover,  any  subsequent  increase  is  a  matter  of  little 
importance,  because  generallsf  by  that  time,  and  often  much  sooner,  the  work 
is  completed  and  exposed  to  its  maximum  stresses. 

There  seems  to  be  a  period,  occunring  from  a  few  weeks  to  several  months 
after  laying,  during  which  cement  and  its  mortars  fora  short  time  not 
only  cease  from  hardening,  but  actually  lose  strength.  They  then  recover, 
and  the  hardening  goes  on  as  before.  This  Mature  is  not  indicated  in  our 
diagram. 

*  See  Richard  t.  Humphrey,  in  "iJeroem,"  Chioago.  Mav.  ^S^* 
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One  advantage  of  strong  cements  is  their  eeonomy,  evea  at  a 

higher  cost,  in  allowing  the  use  of  a  larger  proportion  of  the  cheaper  ingre^ 
dients,  sand,  gravel,  and  broken  stone.  Almost  any  common  cement,  if  oi 
good  quality,  will,  with  1 .5  or  2  measures  of  sand,  give  a  mortar  strong  enotvh 
for  most  engineering  purposes ;  but  a  good  Portland  will  give  one  equaUy 
strong  with  3  or  4  measures  of  sand ;  and  will,  therefore,  be  equally  cheap 
at  twice  the  price;  besides  requiring  the  handling,  storing,  and  telsting  of  only 
half  the  number  of  packages. 
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^  Any  addition  of  sand  weakens  cement,  especially  as  regards  ten- 
sion ;  as  it  does  also  lime  mortar.     But  economy  requires  its  use. 

Although,  with  sand,  the  strength  of  the  mortar  may  never  attain  to  that  of 
the  neat  paste,  yet  it  increases  with  age  in  a  greater  proportion ;  so  that  a  neat 
paste  which  at  the  end  of  a  year  would  be  but  twice  as  strong  as  in  7  days, 
may  with  sand  yield  a  mortar  which  at  the  end  of  a  year  will  be  3,  4  or  5 
timee  as  strong  as  it  was  in  7  days.  At  the  end  of  a  year  good  Portlands  neat 
usually  have  from  1.5  to  2  times  their  strength  at  the  end  of  7  days;  and 
natural  cements  from  2.6  to  3.5  times;  but.  inMumchas  Portlands  avemge 
about  5  or  6  times  the  stren^h  of  the  others  in  7  days,  they  still  average 
about  2.5  to  3  times  as  strong  m  a  year  or  longer. 

Diagram  *  exhibiting,  approximately,  the  effect  of  sand,  in 
different  proportions,  upon 


the  strengths  of  Portland 

and  natural  cements,  at 
Ifferent  ages  from  1  week 
to  1  year.  The  four  solid 
curves  represent  average 
Portland  cements,  and  the 
four  dotted  curves  repre- 
sent average  natural  ce- 
ments. For  each  kind  of 
cement,  the  curves  repre- 
sent ages  of  1  year,  6 
months,  1  month  and  1 
week,  respectively,  begin- 
ning at  the  top.  The 
curves  for  natural  cement 
are  carried  only  to  5  parts 
sand. 
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•Compiled,  by  permis- 
sion, from  Prof.  Baker's  "Masonry  Construction." 
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Mr.  Wm.  W*  Maclay*  €•  E«,*  found  that,  in  the  tetting  of  cements,  the 
temperature  of  the  air  and  water  had  far  more  influence  than  had  before  been 
suspected,  but  the  ultimate  effects  of  temperatiu*e,  within  certain  limits,  are 
fortunately  not  so  important  in  actual  practice  as  the  first  experiments 
might  lead  us  to  infer.  Work  must  go  on  notwithstanding  changes  of  tem- 
perature, but  we  must  take  care  that  oiu*  mortar  shall  at  all  times  be  strong 
enough,  even  under  their  most  injurious  influences.  Cements  in  open  air  are 
certamly  more  or  less  injured  by  drying  instead  of  setting  when  the  tempera- 
ture exceeds  about  65^  to  70**.  But  if  mixed  only  in  small  quantities  at  a 
time,  and  cjuickly  laid  in  masonry  of  dampened  stone,  so  as  to  be  sheltered 
from  the  air,  the  injury  is  much  reduced.  The  sand  and  stone  should  both 
be  damp,  not  wet,  in  hot  weather,  and  a  little  more  water  may  be  used  in  the 
cement  paste;  also,  if  possible,  not  only  the  mortar  while  being  mixed,  but 
the  masonry  also,  should  then  be  shaded. 

The  compressive  strengths  of  cements  and  cement  mortars,  in  cubes, 
appear  to  be  about  8  to  10  times  their  tensile  strengths.  The  crushing 
strength,  with  sand,  increases  with  age  much  more  rapidly  than  the  tensile 
strength,  and  the  more  so,  the  greater  the  proportion  of  sand.  Cements  are 
seldom  tested  in  compression. 

The  shearing  strength  of  neat  cements  averages  about  one-fourth  of 
the  tensile  strength. 

The  adhesion  of  cements  to  bricks  or  rough  rubble,  at  differ- 
ent ages,  and  whether  neat  or  with  sand,  may  probably  be  taken  at  an  aver- 
age of  about  three-fourths  of  the  cohesive  or  tensile  stren^h  of  the  cement  or 
mortar  at  the  same  age.  If  the  bricks  and  stone  are  moist  and  entirely  free 
from  dust  when  laid,  the  adhesion  is  increased;  whereas,  if  ver3fr  dry  and 
dustyj  especially  in  hot  weather,  it  may  be  reduced  almost  io  notmng.  The 
adhesion  to  very  hard,  smooth  bricks,  or  to  finely  dressed  or  sawed  masonry, 
is  less  than  the  adhesion  to  rough  and  porous  surfaces. 

Abrasion.    See  "Mr.  Eliot  C.  Clarke,**  p.  937. 

Weight.  See  also  Weight,  p.  039,  and  (2)  Specific  Gravity,  p.  940. 
Weight  is  an  uncertain  indication.  A  ooarse-grouna  cement  weighs  heavier, 
but  gives  less  strength,  than  the  same  cement  more  finely  ground. 

Color.    See  "  Variations  in  Shade/'  p.  936. 

Fineness.  See  **Mr.  EUot  C.  Clarke,**  p.  936,  *'SieTes,**  p.  938, 
''Fineness,**  pp.  938,  940,  and  "Requirements,**  p<  942. 

Cement,  when  freshly  groimd,  b  not  so  good  as  when  a  few  weeks  old. 

Precautions. 

The  engineer  should  reserve  the  right  to  take  a  sample  from  each 
package,  and  to  reject  every  naokage  of  which  the  sample  drawn  out  does 
not  satisfy  the  stipulations.  On  works  using  large  quantities,  one  person 
should  be  specially  detailed  to  this  duty. 

Protection  from  moisture,  even  that  of  the  air,  is  verjr  essential  for 
the  preservation  of  cements,  as  well  as  of  quicklime.  With  this  precaution, 
the  cement,  although  it  may  require  more  time  to  set,  will  not  otlier- 
wise  very  appreciably  deteriorate  in  many  months. 

Setting. 

Slow  setting  does  not  indicate  inferiority:  for  many  of  the  best  cements 
are  the  slowest  setting.  A  layer  of  very  quick-setting  cement  may  partially 
set,  especially  in  warm  weather,  before  the  masonry  is  properly  lowered  and 
adjusted  upon  it,  and  any  disturbance,  after  setting  has  commenced, 
is  prejudicial.  Such  cements  are  to  be  regarded  with  suspicion,  and  sub- 
mitted to  longer  tests  than  slow  ones.  StiU,  quick-settingcements  are  b^ 
in  certain  cases,  as  when  exposed  to  running  water,  etc.  Tliey  may  be  ren- 
dered slower  by  adding  a  bulk  of  lime  paste  equal  to  5  or  15  per  cent,  of  the 
cement  paste,  without  weakening  them  seriously. 

As  a  general  rule,  cements  set  and  harden  better  in  water  than  in  air, 
especially  in  warm  weather.  If,  however,  the  temperature  for  the  first  few 
days  does  not  exceed  55®  to  65**  Fahrenheit,  there  seems  to  be  no  appreciable 
dinerence  in  this  respect ;  but  in  warm  air,  setting  cement,  in  drying,  loses 
the  moisture  upon  which  the  operation  of  hardening  depends.  It  therefore 
sets  without  hardening.  In  hot  weather  every  precaution  should  be  used 
against  this. 

*  ' '  Transactions  American  Society  of  Civil  £ngineer8.'^Pec.,  1877. 
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Sand  Retards  Setting*  In  our  experiments  with  various  hydraulic 
cements,  of  the  consistence  of  mortar,  even  without  sand,  we  have  detected 
no  change  of  bulk  In  setting.  But  Mr.  Clarke  (see  p.  936)  found  an 
expansion  of  not  more  than  0.001  part  in  any  dimension. 

Sand* 

The  best  sand  is  that  with  grains  of  ver:^  uneven  sites,  and  sharp.  The 
more  uneven  the  sises,  the  smaller  are  the  voids,  and  the  heavier  is  the  sand. 
It  is  generally  considered  that  the  sand  should  be  well  washed  if  it  contains 
clay  or  mud.  But  see  "Adding  Clay,**  p.  936.  Mr.  Oarke  saVs,  "the 
finer  the  sand,  the  less  is  the  strength." 

Proportloii  of  Sand*  As  a  general  rule,  with  cements  of  good  quality, 
we  shall  have  mortars  fit  for  most  engineering  purposes  if  we  do  not  exceed 
from  1 .5  to  2  measures  of  dry  sand  to  1  of  the  common  cements ;  or  from  2  to 
3  of  sand  to  1  of  Portland. 

Voids  In  Sand.  Since  a  cubic  foot  of  pure  quarts  weighs  165  lbs.,  it 
follows  that,  if  we  weigh  a  cubic  foot  of  ptu«  dry  sand,  either  loose  or  rammed ; 
then,  as  165  is  to  the  weight  found,  so  is  1  to  the  solid  part  of  the  sand.  And,  if 
this  solid  part  be  subtracted  from  1,  the  remainder  wul  be  the  voids,  as  below. 

Wt..  lbs.  per  cub.  ft.,  dry,    80        85        90        95      100      105     110      115 
Proportion  of  solid,    . .  0.485  0.515  0.546  0.576  0.606  0.636  0.667  0.697 
Proportion  of  voids.   . .  0.515  0.485  0.454  0.424  0.394  0.364  0.333  0.303 

But  the  sand,  when  wet  in  mortar,  occupies  about  from  5  to  7  per  cent,  less 
space  than  when  dry ;  the  shrinkage  averaging  say  6  per  cent. :  thus  making 
the  voids  0.304  of  the  105  lb.  sand  when  wet;  and  0.364  of  the  96  !b.;  the 
mean  of  which  is  0.334.  But.  to  allow  for  imperfect  mixinj^,  etc.,  it  is  bettor 
to  assume  the  voids  at  0.4  of  the  dry  sand.  McMWover,  since  the  cements, 
as  before  stated,  shrink  more  or  less  when  mixed  with  watw,  and  worked  up 
into  mortar,  it  would  be  as  well  to  assume  that,  in  order  to  make  sufficient 
paste  to  fill  the  voids  thoroughly,  we  should  use,  of  dry  common  cement 
slightly  shaken,  not  less  than  half  the  bulk  of  the  dry  sand ;  and  not  less  than 
45  per  cent,  if  Portland. 

To  find  the  percentage  of  voids*  pour  into  a  graduated  cylindrical 
measuring-glass  100  measures  of  dry  sand.  Pour  this  out,  and  fill  the  glass 
up  to  60  measures  with  water.  Into  this  sprinkle  slowly  the  same  100 
measures  of  dry  sand.  These  will  now  be  found  to  fill  the  glass  only  to  say 
94  measures,  having  shrunk  say  6  per  cent. ;  while  the  water  will  reach  to  say 
121  measures;  of  which  121  —  94  —  27  measures  will  be  above  the  sand; 
ieaving  60  —  27  —  33  measures  filling  the  voids  in  94  measures  of  wet  sand; 
showing  the  voids  in  the  wet  sand  to  be  }|  *"  0.351  of  the  wet  mass.  If  the 
sand  is  poured  into  the  water  hastily,  air  is  carried  in  with  it,  the 
voids  will  not  be  filled,  and  the  result  will  be  quite  different. 

Compressibility  of  Sand*  Careful  experiments  of  our  own,  with  or- 
dinary pure  sand  from  the  seashore,  both  dry  and  moist  (not  wet),  gave  the 
following  results.  The  dry  sands  were  compacted  by  thorough  shaking  and 
jarring;  the  moist  sands  by  ramming  in  thin  layers.  Sand  B  was  of  much 
finer  grain  than  A.     C  consisted  of  the  finest  sifted  grains  from  B. 

Perfectly  dry^ Moist. 


Lbs.  per  cubic  ft.     Reduction  Lbs.  per  cubic  ft.  Reduction 

of  bulk,  ^^— .^..^.^^-p-^  of  bulk. 

Loose.   Rammed,  per  cent. 
86          107.5  20 

69  107.5  33.3 

103.5 

None  of  these  sands,  when  dry  and  loose,  if  poured  gently  into  water  to  a 
depth  of  15  inches,  settled  more  than  about  one-fifteenth  part;  the  coarsest 
one,  A,  considerably  less. 

Water  Required*    See  "  Mr.  Eliot  C.  Clarke,''  p.  936. 
Cold  water  for  mixing  is  probably  no  further  injurious  than  that  it 
retards  setting. 

Salt*    See  "Mr.  £Uot  C.  Clarke/'  p.  936. 
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For  pointing;*  the  best  Portland  is  none  too  good,  and  is  best  used  neat, 
but  it  is  often  ijsed  with  from  1  to  2  parts  of  sand.  Mix  under  shelter,  and  in 
quantities  of  only  2  or  3  pints  at  a  time,  using  very  little  water;  so  that  the 
mortar,  when  ready  for  use,  shall  appear  rather  incoherent,  and  quite  defi- 
cient in  plasticity.  The  joints  being  previously  scraped  out  to  a  depth  of  at 
lefist  half  an  inch,  the  mortar  is  put  in  by  trowel;  a  straight-ed£;e  being  held 
just  b^ow  the  joint,  if  straight,  as  an  auxiliary.  The  mortar  is  then  to  be 
well  calked  into  the  joint  by  a  calking-iron  ana  hammer;  then  more  mortar 
is  put  in,  and  calked,  until  the  joint  is  full.  It  is  then  rubbed  and  polished 
under  as  great  pressure  as  the  mason  can  exert.  K  the  joints  are  very  fine, 
they  should  be  enlarged  by  a  stonecutter,  to  about  1-4  inch,  to  receive  the 
pointing.  The  wall  should  be  well  wet  before  the  pointing  is  put  in,  and  kept 
m  sfuch  condition  as  neither  to  give  water  to,  nor  take  it  from,  the  mortar. 
In  hot  weather,  the  pointing  should  be  kept  sheltered  for  some  days  from 
the  sun,  so  as  not  to  dry  too  quickly. 

Preservation  of  Metals. 

We  have  found,  by  ten  years*  trial,  that  if,  after  setting,  dampness  is  abso- 
lutely excluded,  cements  preserve  iron,  lead,  rinc,  copper  and  brass;  and  that 
plaster  of  Paris  preserves  all  except  iron,  which  it  rusts  somewhat  unleea  the 
iron  ib  galvanised.  Lime-mortar  probably  preserves  all  of  them,  if  kept 
free  from  damp. 

Efflorescence. 

Natural  cements,  when  used  as  mortar  for  brickwork,  often  disfigure  it, 
eepeeialiy  near  sea-coasts,  and  in  damp  climates,  by  white  efflorescence 
which  sometimes  spreads  over  the  entire  exposed  face  of  the  work,  and  also 
injures  the  bricks.  This  also  occurs  in  stone  masonry,  but  to  a  much  lees 
extent,  and  is  confined  to  the  mortar  joints.  It  injures  only  porous  stone. 
It  is  usually  a  hvdrous  carbonate  of  soda  or  of  potash,  or  sulphate  of  lime 
(Epsom  salts),  often  with  other  salts.  As  a  preventive.  General  Gilmore  re- 
comniends  to  add,  to  every  300  tbe.  (1  barrel)  of  the  cement  po«vder,  100  lbs. 
of  quicklime,  and  from  8  to  12  lbs.  of  any  cheap  animal  fat ;  the  fat  to  be  well 
incorporated  with  the  quicklime  before  slacking  it,  preparatory  tp  adding 
it  to  the  cement .  This  addition  will  retard  the  setting,  and  somewhat  dimin- 
ish the  strength  of  the  cement.  It  is  said  that  linseed  oil.  at  the  rate  of  2 
gallons, to,  300  tbs.  of  dry  ceipient,  either  with  or  without  lime^  will  in  i^ll 
exposures  prevent  efflorescence;  but,  lUce  the  fat,  it  greatly  retaj*ds  setting, 
and  weakens  the  cement.     See  also  Bricks. 


Mr.  Eliot  C.  Clarke  has  published  *  the  results  of  a  series  of  experi- 
ments made  for  the  Boston  Main  Drainage  Works.  From  his  paper  we  con- 
dense as  follows,  by  permission: 

Variations  in  sfaade»  in.  a  pvien  kind  ofcemeni,  may  indicate  differences 
if)  the  character  of  the  rock  or  dei^ree  of  burning.  Thus,  with  Rosendale,  a 
hght  color  generally  indicates  an  inferior  or  underburned  rock.  A  cc^arse- 
ground  pement,  light  in  color  and  weight,  would  be  viewed  with  suspicion. 

The  highest  strength  was  obtained  by  the  use  of  Just  enouen  water 
to  dampen  the  cement  thoroughly.  An  excess  of  water  retards  setting. 
Natural  cements  need  more  water  than  Portland ;  fine-ground  more  than 
coarse;  quick-setting  more  than  slow.  Neat  Rosendale,  a  year  old,  was 
strongest  with  36  per  cent,  water.  Neat  Portland,  same  age,  with  20  per 
cent. 

The  liner  the  sand,  the  less  the  strength. 

Salt,  either  in  the  water  used  for  mixing,  or  in  that  in  which  the  cement 
is  laid,  retards  setting  somewhat,  but  has  no  important  effect  upon  the 
strength. 

Addingr  clay  gives  a  much  more  dense,  plastic,  water-tight  paste,  useful 
for  plaster  or  for  stopping  leaks.  Half  a  part  of  clay  did  not  seem  to  weaken 
mortar  materially,  except  in  the  case  of  sample  blocks  exposed  to  the  weather 
for  2^  years  after  a  week's  hardening  in  water.  ^  «     «.      > 

A  year's  saturation  in  fresh  or  salt  water,  and  in  contact  with  oak,  hard 
pine,  white  Pine,  spruce  or  ash,  did  not  affect  the  mortars. 

With  sand,  tlne-ground  cements  make  the  strongest  mortar;  but  when 
tested  neat,  eoarse-ffroiuid  cements  are  strongest.  This  is  especially  the 
case  with  Portlands. 

•  "Trans.  Am.  Soc.  C.  E.,"  April,  1886. 
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Good  re^ltd  w»ra  obtaine<)  {W>m  tnlxlMgr  different  c«ilieitits.  A 
mortar  of  half  a  part  eacdi  of  Rosendale  and  Portland,  and  two  parts  sand, 
was  stronger,  at  1  week,  1  month.  6  months  and  i  year,  than  tne  avera^  of 
two  mortars,  one  of  1  part  Rosenaale  and  one  of  1  part  Portland ;  each  with  2 
parts  sand.  Mixtures  of  Roman  (quick-eetting)  and  Portland  (slow)  set 
about  as  quickly  as  Roman  alone,  and  were  much  stronger* 

Portland  resisted  abrasion  best  when  mixed  with  2  parts  sand;  Rosen- 
dale  with  1  part.  A  little  more  or  less  sand  rapidly  reduced  the  resistance  in 
both  cases. 

Oements  expand  in  setting!  but  not  more  ttian  1  part  in  1000  of  any 
given  dimaudon. 


Sand  cement  or  silica  cement  is  made  by  mixing  cement  with 
quartz  sand  (silica)  and  grinding  the  mixture,  it  is  claimed  wat  the  cement, 
in  the  mixture,  becomes  much  more  finely  ground,  and  that  a  mixture  of  1 
part  cement  and  3  parts  sand  can  therefore  carry,  in  mortar,  nearly  as  much 
sand  as  could  the  pure  cement  alone  before  this  treatment. 


Tlie  fineness  of  cement  and  sand  is  indicated  as  follows,  where  the 
large  numerals  represent  the  sieve  numbers;  the  small  numeral,  to  the  left 
of  each  sieve  number,  represents  the  peroentaee  retained  upon  that  sieve ; 
and  the  final  small  numeral,  to  the  right  of  the  last  sieve  number,  represents 
the  percentage  passed  by  the  last  sieve.  The  sum  of  the  small  numerals 
—  100.  Thus,  6  20  1*  30  »  40  **  means  that  5  per  cent,  was  retained  on  a 
No.  20  sieve,  15  per  cent,  on  No.  30,  and  35  per  cent,  on  a  No.  40,  while 
the  remaining  45  per  cent,  passed  the  No.  40  sieve. 


Properties  and  tests  of  cement.  Recommendations  of 
JLtnerican  Society  of  CIVfl  En^neers.  Digest  of  Final  Report  of 
the  Cnmniittee*  on  a  Unifbrm  System  fbrTests  of  Cement,  Trans.  Am.  8oc.  C.  £., 
VoL  xiv,  November^  1885. 

The  first  tests  ef  inex|)erlencddt  though  intelligent  and  oarefUl  persons,  are 
'  nsttatly  very  ebntradictory  and  Inaccurate,  and  no  amount  of  ext>erienoe  can 
eliminate  the  Tariations  fntrodnoed  by  the  personal  equaUons  of  the  most  oofa- 
tscientions  observers^  Many  thiogs,  apparently  of  minor  importance,  exert  no 
mai'ked  an  influence  upon  the  resnUs,  that  it  is  only  by  the  greatest  care  In 
"every  partidular,  aided  by  experience  and  intelligence,  that  trostworthy  testis 
can  be  ttiad^ 

Only  a  series  of  tests  for  a  oensiderable  period,  and  with  a  Aill  dese  of  sand, 
will  show  the  full  value  of  any  cement ;  and  It  would  be  safer  to  use  &  trast- 
.trorlhy  brand  without  applying  any  .testa  whatever,  than  to  accept  a  new  article 
which  had  been  tested  only  as  neat  cement  and  for  but  one  day. 

It  is  recommended  that  tests  be  confined  to  methods  for  determining  (1) 
fineness,  (2)  liatKiliey  to  eheoklng  or  oraoldng,  and  (3)  tensile  strength ;  and,  for 
the  latter,  for  tests  of  7  days  and  upward,  that  a  mixture  of  1  part  of  cement  to 
1  part  of  sand  for  Natural  f  cements,  and  8  parts  of  sand  for  Portland  f  oements, 
be  used,  in  additios  to  trials  of  the  neat  eement.  The  quantities  used  in  the 
mixture  should  be  determined  by  weight. 

The  tests  should  be  applied  to  the  cements  as  ofifered  for  sale.  If  satisfactory 
results  are  obtained  with  a  full  dose  of  sa^d,  the  trials  need  go  no  farther.  If 
not,  the  coarser  particles  should  first  be  excluded  by  using  a  No.  100  sieve, 
in  order  to  determine  approi^imately  the  vrade  the  cement  would  take  if  ground 
fine,  for  fineness  is  fdways  attainable,  while  inherent  merit  may  not  be. 

The  amount  of  material  needed  for  making  five  briquettes  of  the  stand- 
ard size  recommended  is,  for  the  n6at  oements,  about  1.66  pounds,  and  for  those 
with  sand,  in  the  proportion  of  8  parts  of  sand  to  1  of  cement,  about  1.25  pounds 
of  sand  and  6.66  ounces  of  cement. 

♦  Q.A.  Gillmore,  Chairman,  D.  J.  Whittemore,  J.  Herbert  Shedd,  Eliot  C. 
tJftu*e,  Alfred  Noble,  F.  0.  Norton,  W.  W.  Maolay,  Leonard  P.  Beckwlth, 
Thomss  0.  MoCoUom. 

J  Where  the  word  <*  natQral  **  is  tised  in  this  connection,  it  is  to  be  understood  as 
ng  lipplied  to  the  lightly  burned  natural  American  or  foreign  ceraents.  in 
eontmdlstinctidn  to  the  more  lieavily  burned  Portland  cement,  either  natural 
t>r  artificial.  r^^^^l^ 
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SampliniT*  Usuallj,  where  cement  has  a  good  reputation,  and  is  used  In 
large  masses,  as  in  heavy  concrete  foundations,  or  in  the  backing  or  heart* 
Ing  of  thick  walls,  the  testing  of  every  fifth  barrel  seems  to  be  sufficient ;  but  in 
very  important  work,  where  the  strength  of  each  barrel  may  in  a  great  measure 
determine  the  strength  of  that  portion  of  the  work  where  it  is  used,  or  in  the 
thin  walls  of  sewers,  etc.,  etc.,  every  barrel  should  be  tested,  one  briquette  being 
made  from  each. 

In  selecting  cement  for  experimental  purposes,  take  the  samples  from  the 
interior  of  the  original  packages,  at  sufficient  depth  to  insure  a  fur  exponent  of 
the  quality.  Store  the  samples  in  tightly  closed  receptacles,  impervious  to  light 
or  dampness,  until  required  for  manipulation,  when  each  sample  of  cement 
should  be  so  thoroughly  mixed,  by  sifting  or  otherwise,  that  it  ihall  be  uniform 
in  character  throughout  its  i 


Slewes.  For  ascertaining  the'fineness  of  cement  it  will  be  convenient  to  use 
three  sieves,  viz.:  (Sizes  of  wire  by  Stubs  gage.) 

Na  60—  50  meshes  per  linear  inch  (  2,500  meshes  per  square  inch ),  No.  85  wireu 
No.  74—74  "  "  "  "  (6,476  "  "  "  "  ),  No.  87  wire. 
No.  100-100      •*       "       "       "    (10,000      "       "        «       "    ),  No.  40  wire. 

For  sand,  two  sieves  are  recommended,  vie: 

No.  20—20  meshes  per  linear  inch  (400  meshes  per  square  inch),  No.  28  wire. 
No.  30—80        "        "        "        "     (900      "  "         "         "    ),  No.  81  wire. 

Standard  sand.  Sands  looking  alike  and  sifted  through  the  same  sieves 
may  give  results  varying  within  rather  wide  limits.  The  use  of  crushed  quarts 
is  recommended,  the  degree  of  fineness  to  be  such  that  the  sand  will  all  pass  a 
No.  20  sieve  aud  be  caught  on  a  No.  80  sieve. 

Mixlnip,  etc.  The  proportions  of  cement,  sand,  and  water  should  be  care- 
fully determined  by  weight,  the  sand  and  cement  mixed  dry,  and  all  the  water 
added  at  once.  The  mixing  must  be  rapid  and  thorough ;  and  the  mortar,  which 
should  be  stifi'and  plastic,  should  be  firmlT  pressed  into  the  molds  with  the 
trowel,  without  ramming,  and  struck  off  level ;  the  molds  in  each  instance,  while 
being  charged  and  manipulated,  to  be  laid  directly  <»i  glass,  slate,  or  some  other 
non-absorbeut  material.  The  molding  mutt  be  completed  before  incdpient  set- 
ting begins.  As  soon  as  the  briquettes  are  hard  enou^  to  bear  it,  they  should 
be  taken  from  the  molds  and  be  Kept  covered  with  a  damp  cloth  until  they  are 
immersed,  l^or  the  sake  of  uniformity,  the  briquettes,  both  of  neat  cement  and 
those  containing  sand,  should  be  immersed  in  water  at  the  end  of  24  hours, 
except  in  the  case  of  1  day  tests. 

Fresh,  clean  water,  having  a  temperature  between  60°  and  70®  F.,  should  be 
used  for  the  water  of  mixture  and  immersion  of  samples. 

The  proportion  of  water  required  varies  with  the  fineness,  age,  or  other  condi- 
tions of  tne  cement,  and  the  temperature  of  the  air,  but  is  approximately  as 
follows : 

For  neat  cement :  Portland,  about  26  per  cent;  natural,  about  80  per  cent. 

For  1  cement,  1  sand :  about  15  per  cent,  of  total  weieht  of  sand  and  cement. 

For  1  cement,  8  sand  :  about  12  per  cent,  of  total  weight  of  sand  and  cement. 

The  object  Is  to  produce  the  plasticity  of  rather  stiff  plasterer's  mortar. 

(1)  FineneMi.  It  is  recommended  that  the  tests  be  made  with  cement  that 
has  passed  through  a  No.  100  sieve.  See  p  ^7. 

(2)  riiecklnip  or  craekinip.  Make  two  cakes  of  neat  cement,  2  or  8 
inches  in  diameter,  about  ^  inch  thick,  with  thin  edges.  Note  the  time  in 
minutes  that  these  cakes,  when  mixed  with  water  to  the  consistency  of  a  stiff 
plastic  mortsr,  take  to  set  hard  enough  to  stand  the  wire  test  recommended  by 
Gen.  Gillmore,  viz.,  -^  inch  diameter  wire  loaded  with  ^  pound  for  initial  set, 
and  -^  inch  loaded  with  1  pound  for  final  set.  One  of  these  cakes,  when  hard 
enough,  should  be  put  in  water  and  examined  from  day  to  day  to  see  whether  it 
becomes  contorted,  and  whether  cracks  show  themselves  at  the  edges.  Such  con- 
tortions or  cracks  indicate  that  the  cement  is  unfit  for  use  at  that  time.  In 
some  cases  the  tendency  to  crack,  if  caused  by  the  presence  of  too  much 
unslaked  lime,  will  disappear  with  age.    The  remaining  cake  should  be  kept  in 
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the  air,  aod  its  color  observed,  which,  for  a  good  cement,  should  be  uniform 
throughout ;  yellowish  blotches  indicating  a  poor  qualitT ;  tne  Portland  cements 
being  of  a  bluish-gray,  and  the  natural  cements  being  light  or  dark,  according 
to  the  character  of  the  rock  of  which  they  are  made.  The  color  of  the  cements 
in  air  indicates  the  quality  much  better  than  when  they  are  put  in  water. 

(3)  Tensile  streniptli.  An  average  of  5  briquettes  may  be  made  for  each 
t«st,  onlv  those  breaking  at  the  smallest  section  to  be  taken.  The  briquettes 
should  always  be  broken  immediately  after  being  taken  out  of  the  water,  and 
the  temperature  of  the  briquettes  and  of  the  testing  room  should  be  constant 
between  60°  and  TO®  F. 

The  stress  should  be  applied  at  a  uniform  rate  of  about  400  pounds  per  min- 
ate,  starting  at  0.    With  a  weak  mixture  use  half  the  speed. 

The  1 


I  liimiBhed  are  usually  of  iroa  or  brass.  Wooden  molds,  if  well 
oiled  to  prevent  absorption  of  water,  answer  a  good  purpose  for  temporary  use. 
but  speedily  become  unfit  for  accurate  work.  Our  figures  show  the  form  of 
briquette  and  of  metal  mold  recommended. 


Seetimn  through  a-'b 


The  elips  should  be  hang  on  pivots,  so  m  to  avoid,  to  far  as  possible,  cross 
■train  upon  the  briquettes. 

Weifl^t.  The  relation  of  the  weight  of  cement  to  its  tensile  strength  is  an 
uncertun  one.  In  practical  work,  if  used  alone,  it  is  of  little  value  as  a  test, 
while  in  connection  with  the  other  tests  recommended  it  is  unnecessary,  exo^t 
when  the  relative  bulk  of  equal  weights  of  cement  is  desired. 

Settingr.  The  rapidity  of  setting  furnishes  no  indication  of  ultimate 
strength,    it  simply  shows  the  initial  hydraulic  activity. 

^alclK-settliiir  cements  are  those  which  set  in  less  than  half  an  hour;  and 
slowHuettlny  cements  are  those  requiring  half  an  hour  or  more  to  set.  The 
oemeat  must  be  adapted  to  the  work  required,  as  no  one  eemeot  is  equally 
good  for  all  purposes.  In  submarine  wort  a  qulck'^etting  cement  is  often 
unperatively  demanded,  and  no  other  will  answer,  while  for  work  above  the 
water-4ine  less  hydraulic  activity  will  usually  be  preferred.  Each  individual 
ease  demands  special  treatment  The  slow'^etting  natural  cements  should  not 
become  wnrm  while  setting,  but  the  quick-setting  ones  may,  to  a  moderate 
extent,  within  the  degree  producine  cracks.  Cracks  iu  Portland  cement  indi- 
cate too  much  carbonate  of  lime,  and  in  the  Vlcat  cements  too  much  lime  in  the 
original  mixture.  ^  r 
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Properties  and  Tedts  of  Cement*  Revolt  of  Board  IT*  S.  A. 
Engineer  Officers.  Properties  and  tests  of  Portland,  Natural  and  Pu9- 
zolan*  cements.  Digest  of  a  Report  of  Majors  W.  L.  Marshall  and  Smith  S. 
Leach  aud  Capt  Spencer  Cosby,  Board  of  Engineer  Officers,  on  testng  Hydraulic 
Cements.    Professional  Papers,  No.  28,  Corps  of  Engineers,  U.  S.  A.,  1901. 

Unfortunately,  tests  for  acceptance  or  rejection  must  be  made  on  a  product 
which  has  not  reached  its  final  stage.  A  cement,  when  incorporated  in  masonry, 
undergoes  chemical  changes  for  monihs,  whereas  it  is  seldom  possible  to 
continue  tests  for  more  than  a  few  weeks  at  the  most. 

A  few  tests,  carefully  made,  are  more  valuable  than  many,  made  with  less  care. 

Cement  which  has  been  in  storim^  for  a  long  time  should  be  carefully 
tested  before  use.  in  order  to  detect  deterioration. 

A  cement  shoum  be  rcjectedv  without  regard  to  the  proportion  of  failures 
among  samples  tested,  if  the  samples  show  dangerous  variation  in  quality  or 
lack  of  care  in  manufacture,  and  resulting  lack  of  uniformity  in  the  product. 

The  practice  of  offering  a  bonus  fur  cement  sho«ving  an  abnormal  strength 
is  objeetlonable,  as  It  leads  to  the  production  of  cements  with  defects  not 
«asily  detected. 

For  Portland  or  Puzzolan  cement,  make  tests  for  (1)  fineness  of  grindiDR;  (B) 
specific  gravity ;  (8)  soundness,  or  constancy  of  volume  insetting;  (4)  time  of 
setting,  and  (5)  tensile  strength.    For  Natural  cements  omit  tests  (2)  and  (3). 

(I)  Fineness.  Cementitious  ouality  resides  principally,  if  not  wholly,  in 
the  very  linely  ground  particles.  Use  a  No.  100  sieve,  woven  from  brass  wire 
No.  4C  Stubs  gage;  sift  until  cement  ceases  to  pass  through.  The  percentage 
that  has  passed  through  Is  determined  by  weighing  the  residue  on  the  sieve. 
The  screen  should  be  frequently  examined  to  see  tnat  no  wires  have  been 
displaced.  See  p  937. 

(8)  Speclflc  arravlty.  The  specific  gravity  tc3t  is  of  value  in  determining 
whether  a  Portland  cement  is  unadulterated.  The  higher  the  burning,  short  of 
vitriflcatlrtn,  the  better  the  cement  and  the  higher  the  specific  gravity.  If  und^r- 
burned,  the  specific  gravity  of  Portland  oement  may  fall  bebw  S;  if  ovearburned. 
it  may  reach  3.5.  Natural  cement  has  a  specific  gravity  m  about  2.5  to  2.8,  and 
Puzzolan  about  2.7  to  2.8. 

ITie  temperature  may  vary  between  60°  and  80°  F.  Any  approved  form  of 
volumenometer  or  specific  gravity  bottle  may  be  used,  jgraduated  to  cut>ic  centi- 
meters with  decimal  subdivisfona.  Fill  the  instrument  to  aero  of  a<sale  wllh 
benzine.  Take  100  grams  of  sifted  cement  that  has  been  previouslv  dried  by 
exposure  on  a  metal  plate  for  20  minutes  to  k  dry  heat  of  212°  F.,  and  allow  it  to 
pass  slowly  into  the  oencine,  taikimc  care  th^t  the  powder^  does  not  stiv-k  to  the 
sides  of  the  graduated  tube  above  the  fluid,  and  that  the  funnel,  through  which 
it  is  introduced,  does  not  touch  the  fiuid.  The  approximate  specific  gravity  will 
be  represented  by  100  divided  by  the  displacement  in  cubic  centimetei-s.  The 
operation  requires  care. 

(3)  Soundness,  and  (4)  settlnfp  gnalitles.  The  temperature  should 
not  vary  more  tha«  10°  from  62°  F.  For  Portland  cement  use  20,  for  Natural  30, 
and  for  Puzzolan  18  per  cent  of  water  by  weight.  Mix  thoroughly  for  5  minutes. 
On  glass  plates  make  two  cakes  about  3  inches  in  diameter,  ^  inch  thick  at  the 
middle  and  drawn  to  thin  edges,  and  cover  them  with  a  damp  clothe  At  the  end 
of  the  minimum  time  specified  for  initial  set,  apply  needle  -^  Ittoh  diameter, 
weighted  to  \i  pound.  If  an  indentAtion  is  made,  the  oement  passes  the  reqnire- 
ment  for  initial  setting.  Otherwise  the  setting  is  too  rapid.  At  the  end  of  the 
ttiaximum  time  specified  for  final  set,  apply  the  needle  -J>r  inch  diameter,  loaded 
to  one  pound.  If  no  indentation  is  made,  the  cement  passes  the  reqnin^ent  ibr 
final  ^et.    Otherwise  the  settine  is  too  slow. 

(jenerally  speaking,  both. periods  of  set  are  lengthened  by  increase  of  moisture, 
and  shortenea  by  increase  or  temperature. 

*By  Portland  cement,  in  this  report,  is  meant  the  product  obtained  by 
calcining  intimate  mix^uws,  either  natural  or  artificial,  of  argiUaoeous  ana 
calcareous  substances,  up  to  incipient  fusion.  By  Natnral  cement  is  meant 
one  made  by  calcining  natural  rock  at  a  heat  below  incipient  fusion,  and  grind- 
ing the  product  to  powder.  By  Pnssolan  is  meant  the  prodnct  obtained  by 
grinding  slag  and  slaked  lime,  without  6ubse<lnent  calcination. 
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Offlcera.    Continued. 

In  gaging  Portland  cement  in  damp  weather,  tlM  samples  should  be  thoroughly 
dried  before  adding  water.  This  precaution  is  not  deemed  neoessarj  with 
Natural  cement.  Sufficient  unifornuty  of  tenmerature  wiU  result  if  the  testing 
room  be  comfortably  warmed  in  winter,  and  if  the  specimens  be  kept  out  of  the 
sun  in  a  cool  room  iu  summer,  and  under  a  damp  cloth  until  set.  Temperatures 
may  vary  between  60°  and  80^  F.,  wUbout  an'eoting  results  more  than  the 
probable  error  in  the  observation. 

Boilin;!^  ti^nU  Place  the  two  cakes  under  a  damp  cloth  for  24  hours.  Place 
one  of  them,  still  attached  to  its  plate,  in  water  28  days;  immerse  the  other  in 
water  at  about  7(P  F.,  aud  let  it  be  iu  a  rack  above  the  bottom  of  the  receptacle: 
heat  the  water  gradually  to  the  boiling  point,  maintain  the  heat  for  6  hours  and 
then  let  eool.  The  boiled  cake  should  not  warp  or  become  detached  from  the 
plate,  or  show  expansion  cracks.  If  the  cold-water  cake  shows  evidences  only 
of  swelling,  the  cement  may  be  used  in  ordinary  work  in  air  or  fresh  water  for 
lean  mixtures,  but  if  distortion  or  expansion  cracks  appear  in  it,  the  cement 
should  be  rejected. 

Aecelerat«d  tests  are  not  generally  recommended,  but  where  a  test  must 
be  made  in  a  short  time,  the  boiling  test  is  considered  about  the  t>est.  It  not 
only  gives  short-time  indications,  but  at  once  directs  attention  to  the  presence 
of  ingredients  which  might  lead  to  disintegration.  On  the  other  hand,  it  may 
lead  to  the  rejection  of  a  cement  which  would  behave  satisfactorily  in  actual 
work  aud  which  would  stand  the  test  after  air-slaking.  Sulphate  of  lime,  while 
euabling  cements  to  pass  the  boiling  tests,  introduces  an  element  of  danger. 

(5)  Tensile  tests  are  preferred  to  flexural  or  compressive  tests.  Sand 
tests  are  the  more  important  and  should  always  be  made;  and  neat  tests  should 
be  made  if  titue  permits.  ^ 

A  cement  which  tests  moderately  high  at  7  days,  and  shows  a  substantial 
increase  in  strength  iu  28  days,  is  more  likely  to  reach  the  maximum  strength 
slowly  and  retain  it  indefinitely  with  a  low  modulus  of  elasticity,  than  a  ceiaent 
which  tests  abnormally  liigh  at  7  days  with  little  or  no  increase  at  28  days. 

Use  briquettes  of  the  form  recommended  by  the  American  Society  of  Civil 
Engineers,*  measuring  1  inch  square  iu  cross-section  at  place  of  rupture,  and 
held  by  close-fitting  metal  cli|>s,  without  rubl>er  or  other  yielding  contacts.  The 
tests  should  be  made  imruediarely  after  taking  the  briquettes  from  the  water. 

IW^eat  tensile  tests.  Use  unsifted  cements.  For  Portland  cement,  use 
20;  for  Natural,  30;  and  for  Puzzolan,  18  per  cent,  water  by  weight.  Place  the 
cement  on  a  smooth  non-absorbent  slab;  in  the  middle  makea  crater  sufficient  to 
hold  the  water;  add  nearly  all  the  water  at  once,  the  remainder  as  needed  ;  mix 
thoroughly  by  turning  with  the  trowel,  nnd  vigorously  rub  or  wf>rl-  the  cement 
for  5  minutes. 

Place  the  briquette  mold  on  a  glass  or  slate  slab.  Fill  the  mold  with  consecu- 
tive layers  of  cement,  each  to  be^  inch  thick  when  rammed.  Give  each  layer 
30  taps  with  a  soft  brass  or  copper  rammer  weighing  1  pound,  having  a  face  % 
inch  diameter  or  0.7  inch  square,  and  falling  about  ^  inch. 

After  filling  the  mold  and  ramming  the  last  layer,  strike  smooth  with  a  trowel, 
tap  mold  lightly  on  side,  to  free  cement  from  plate,  remove  the  plate,  and  leave 
for  24  hours,  covered  with  a  damp  cloth.  Then  remove  the  briquette  from  the 
mold  and  immerse  it  in  fresh  water,  which  should  be  renewed  either  continu- 
ously or  twice  In  each  week  during  the  specified  time. 

Tensile  tests  with  sand.  For  Portland  and  Puzxolan  cements,  use  1 
part  cement  to  8  parts  sand ;  for  Natural  or  Rosendale,  1  to  1.  Use  crushed 
quartz  sand,  passing  a  No.  20  standard  sieve,  and  being  retained  on  a  No.  80 
standard  sieve.' 

After  weighing  carefully,  mix  dry  the  cement  and  sand  until  the  mixture  is 
uniform,  add  the  water  as  in  neat  mixtures,  and  mix  for  6  minutes.  The  con- 
stituents should  be  well  rubbed  together. 

For  maximum  strength  in  tested  briquettes,  Portland  cements  reoaire 
water  =  11  to  12>^  per  cent,  by  weight  of  constituent  cement;  Natural,  15  to 
17 ;  and  Puzzolan,  9  to  10. 

A  machine  which  applies  the  stress  automatically  and  at  a  anlform  rate 

•See  page  939. 
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of  increase  is  preferable  to  one  controlled  entirely  hj  hand.  The  stress 
should  be  increased  at  the  rate  of  about  400  Vas.  per  minute.  A  rate  materially 
greater  or  less  than  this  will  give  different  results. 

The  highest  tensile  strength  from  each  set  of  briquettes  made  at  any  one  time 
is  to  be  considered  the  governing  test. 

Field  tests  are  recommended,  whether  or  not  the  more  elaborate  tests 
above  described  have  been  made,  in  connection  with  tests  of  weight  and  fine- 
ness, and  observations  of  texture  and  hardness  in  the  work,  field  tests  often 
suffice  for  well-known  brands,  showing  whether  the  cement  is  genuine  and 
whether  it  is  reasonably  sound  and  active.  Pats  and  balls  of  neat  cement  from 
the  storehouse,  and  of  mortar  from  the  mixing  platform  or  machine,  should  be 
frequently  made.    Estimate  roughly  the  setting  and  hardening  qualities  by 

Sressure  of  the  thumb-nail ;  hardness  of  set  and  strength  by  breaking  with  the 
and  and  by  dropping  upon  a  hard  surface.    The  boiling  test  may  al^  be  used. 
Should  the  simple  tests  give  unsatisfactory  or  suspicious  results,  then  a  full  series 
of  tests  should  be  carefully  made. 
A  cement  may  be  r<^ected  if  it  fails  to  meet  any  of  the  following  requirements 

Reqairements. 

Portland.    Natural.    Puzzolan. 

Slow.  Quick. 
Fineness.    Percratage  to  pass  through  a  No. 

100  sieve  as  in  (1) 87  to  92*  80  97 

Specific  gravity.    Between 310  3.10     Not                2.7 

and « 3.25  3.25    given                2.8 

Time  of  setting.    Initial,  not  less  than 45  m.  20  m.    20  m.  45  m. 

nor  more  than 80  m 

Final,  not  less  than 45  m 

nor  more  than  10  h.  2.5  h.     4h.  10  h. 

Tensile  strength,  neat, 

ih.  ««r-n  T«                           /  7  days  f 460  •    400           90                  350 

n».  persq.  in.                         l28dRV8+ 640  480         200                  600 

Tensile  strength.     With  sand,  as  in   (5). 

iKo  «^. -«  ««                          /  7  days  f 140  120           60                  140 

©8.  per  sq.  in.                         1 28  days  f 220  180         160                  220 

*92  per  cent,  is  quite  ooraroonly  attained  by  high-grade  American  Portlands, 
but  rarely  by  imported  brands.    For  the  latter,  use  87. 
t  Bcject  any  cement  not  showing  an  increase  at  28  days  over  7  days. 
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CONCRETE. 

Cement  concrete  is  an  artificial  stone,  composed  of  cement  mortar 

mixed  with  an  ''aggregate ''  consisting  generally  of  broken  stone,  but  often  of 

gravel  and  sometimes  of  brick-bats,  oyster  shells,  etc.,  or  of  all  these  together. 

In  concrete,  as  in  mortar,  it  is  advisable,  on  the  score  of  strength,  that  all 

the  voids  be  filled  or  overfilled. 

Taking  the  voids,  in  broken  stone,  in  gravel  and  in  sand,  at  60  per  cent, 
of  the  mass,  or  equal  to  the  solid  portion,  we  have,  for  1  cubic  yard  of 
concrete : 

1  cu.  yd.  broken  stone    )  (4  parts  stone 

0.5  cu.  yd.  sand  >-     —     -<  2  parts  sand 

0.25  cu.  yd.  cement        j  ( 1  part  cement 

or 

1  cu.  yd.  broken  stone     1  (8  parts  sandstone 

0.5  cu.  yd.  gravel  I      ^      I  4  parts  gravel 

0.25  cu.  yd.  sand,  |  |  2  parts  sand 

0.125  cu.  yd.  cement      J  11  part  cement. 

Caution.  When  a  solid  body  is  reduced  to  a  mass  consisting  of  broken 
pieces  separated  by  voids,  the  increase  in  bulk  is  due  solely  to  the  voids,  and 
IS  equal  to  the  space  occupied  by  them.  Hence  the  ratio  between  the  in- 
crease of  bulk,  or  **  swelling,**  and  the  original  bulk  is  that  of  the  voids 
to  the  original,  and  not  to  the  final  bulk.  Thus,  if  a  solid  cubic  yard  of  stone, 
after  being  broken  into  pieces,  occupies  twice  as  much  space  as  before,  then 
the  increase  in  bulk,  or  the  space  occupied  by  the  voids,  is  =  that  occupied 
by  solid  pieces  =  half  that  occupied  by  the  entire  broken  mass. 

It  is  doubtful  whether  hard  rock,  when  blasted  and  made  into  embank- 
ment, settles  to  less  than  1.67  cubic  yards  for  each  original  cubic  yard.  As 
the  result  of  certain  embankment  in  hard  sandstone,  Mr.  EUwood  Morris 
gives  1.417  yards  of  embankment  for  each  solid  yard;  but  the  rough  sides  of 
rock  excavations  make  it  difficult  to  measure  them  with  accuracy,  and  this 
may  have  affected  his  result. 

Stone  Crushers.  Principal  sizes.  From  catalogue  of  Farrel  Foundry 
and  Machine  Co.     For  prices,  see  Price-list.. 


Sire  of  Stone, 
Ins. 

7X  10 

Capacity  per  Day, 

Tons.       Size,  Ins. 

f   50              2   ) 

I    15                if 

Required. 
8 

8,000 

16  X  10 

(120 
1   60 

?*} 

16 

16,400 

24  X  13 

(300 
tl50 

!♦} 

80           ' 

29,000 

36  X  24 

(800 
1650 

n 

65 

59.000 

Concrete  mixers  are  of  various  types.  Some  have  a  fixed  trough, 
with  a  revolvinjt  worm ;  others  a  square  box  revolving  about  its  diagonal 
axis,  or  a  revolving  driun.  The  gravity  mixer  is  simply  a  steel  trough,  set  at 
an  an^le  of  18**  to  22**  with  the  vertical,  and  armed  internally  with  fixed 
steel  pins  and  deflectors.  The  materials  for  the  concrete  are  fed  in  at  the  top 
of  the  trough,  and,  passing  downward  through  it,  are  mixed  by  their  contact 
with  the  pms  and  deflectors.  The  following  figures,  from  the  catalogue  of 
the  Drake  Standard  Machine  Works,  refer  to  the  type  first  named. 

Weight, 
Lbs. 
5,500 
4,000 
2.700 
1,800 
1,600 

Compressive  Strength. 

The  strength  of  concrete  is  affected  by  the  quality  of  the  broken  stone,  as 
•well  as  by  tlmt  of  the  cement,  the  degree  of  ramming,  etc. 
Ramming  adds  about  50  per  cent,  to  the  strength. 
Slow-aettmg  cements  are  best  for  concrete,  especially  ^en  ±a^  rammed. 


Cai>acity, 

Horse-power 

Cu. 

Yds.  per  Day. 

Required. 

400 

20 

200 

25 

100 

15 

75 

10 

25 

6 
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Experiments  on  13-lnch  conerete  eubes,  rammed  in  cast  iron 
molds,  by  A.  W.  Dow,  U. 'S.  Inspector  of  Asphalt  and  Cement.*  The 
cubes  were  thoroughly  wet  twice  daily. 

The  results  for  one  year  are  means  of  five  cubes ;  the  rest  are  means  of  two 
cubes.     Deduct  from  3  to  8  per  cent,  for  friction  of  press. 

The  materials  were  as  follows: 

Cement. 


^ 


Portland    Natural 


248 
180 


91 


429 


188 


327 


428 


414 


14 
20 
36 

1  Year. 
474 
48S 


r  cent,  retained  on  sieve  of  100  meshes  per  linear  inch,      8.5 

me  for  initial  set,  minutes 190 

"      "    hard      "  "         305 

Tensile  strength  as  follows,  lbs.  per  square  inch : 

1  Day.     7  Days.     1  Mo.     3  Mos.     6  Moa. 

Portland,  neat 441  839 

"        3  parta  stan- 
dard broken  quaru. 

Natural,  neat, 96, 

"       2  parts  stan- 
dard broken  quartz, 
8and  used  in  concrete. 
No  residue  on  a  No.  3  sieve;  0.6  per  cent,  passed  No.  100.    Voids  44  per 

cent.,  with  4.4  per  cent,  water. 
Broken  Stone.    Gneiss.     Of  Nos.  6  and  12  (table  below)  3  per  cent. 

retained  on  2.S  inch  mesh;  all  on  li  inch.    Others,  0  retained  on  2.5  inch; 

nearly  all  on  0.1  inch.     For  voids,  see  tabte,  below. 

Grarel.    Gean  quarts,  passing  a  li-inch  mesh,  2  per  cent,  passing  a  No. 

10  mesh.     Voids,  29  per  cent. 
Water.    With  Portland  cement,  0c69  cu.  ft.  (  =»  6.7  lbs.)  per  cu.  ft.  of 

rammed  concrete;  with  natural  cement,  6.12  cu.  ft.  (  =  7.6  lbs.). 

Crushing  Strength  of  12  in.  Concrete  Cubes,  i^  lbs.  per  sq.  In* 

Experiments  by  A.  W.  Dow,  as  above : 
Parts  by  volume ;  cement,  1;  sand.  2;  aggregate,  6. 


Aggregate 

Voids  in  Aggregate. 

Crushing  Strength, 
lbs.  per  sq.  in.,  after 

No. 

;£  lA 

1 

Per 
Cent, 
of  Vol, 

Per  Cent. 

i^ 

Pk 

of  Voids 

10 

45 

3 

6 

1 

1 

FUled  with 
Mortar. 

Days. 

Days. 

Mos. 

Mos. 

Year. 

o; 

6 

1  « 

6 

45u3 

83.0 

908 

1790 

2260 

2610 

mo 

3 

3 

36.6 

107.0 

960 

1850 

2070 

^oO 

S    9 

4 

2 

37.8 

100,6 

, , 

2R40 

?  10 

6 

96.2 
129.1 

2/00 

I  11 
^  12 

6 

20  3 

694 

1630 

2680 

1840 

2o20 

6 

46.7 

83.9 

1Q30 

1530 

186Q 

1 

6 

46.3 

83.9 

lU 

630 

376 

795 

916 

•a  2 

3 

3 

35.5 

107.0 

364 

693 

632 

841 

^    3 

4 

2 

37.8 

100.6 

915 

"S    4 

6 

39.5. 

96.2 

, , 

800 

^.     5 

6 

29.3 

129.1 

87 

421 

361 

344 

763 

6 

6 

45.7 

83.9 

596 

829 

To  test  the  effect  of  the  quantity  of  water  used,  Mr.  Dow  made  four 
12-inch  cubes,  of  1  part  Portland  cement.  2  parts  sand,  6  parts  coarse  gravel ; 
two  so  wet  that  water  ran  from  the  concrete  when  tamped  in  the  mold;  the 
other  two  with  just  sufficient  water  to  make  a  plastic  paste,  as  in  the  tests  re- 

*  Report  of  the  Operations  of  the  Engineering  Department  of  the  District 
Qf  Columbia  for  the  year  ending  June  30.  1807.  .    ^  r 
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corded  in  the  table.  ^  At  the  end  of  a  year  the  two  wet  cubes  ^ve  2300  and 
2£00  lbs.  per  square  inch  respectively ;  average,  2400.  The  drier  cubes  gave  < 
2513  and  3037  respectively;  average,  2775, 


In  the  floors  of  graving  docks  at  Genoa,  Italy,  concrete  of  Ipart  Portland 
cement,  2  parts  sand,  3  parts  small  gravel,  carries  safely  107  lbs.  per  square 
inch;  safety  factor  15.  In  the  concrete  bridge  over  the  Danube  at  Munder- 
kingen,  Germany,  the  maximum  pressure  is  said  to  vary  from  500  to  560  tbs. 
per  square  inch.  Test  pieces  broke  with  from  2000  to  4650  lbs.  per  sq.  inch, 
varying  with  their  age. 

Transverse  Strength. 

Concrete  Beams.  Tests  by  Boston  Transit  Commission,  1895-96. 
Beams  6  ins.  square ;  spans  30  and  60  ins. ;  age  from  29  to  37  days,  24  hours 
in  air,  remainder  in  water. 

S  «  modulus  of  ruptiu«  •-  unit  stress  in  extreme  fibers  at  instant  of  rup- 
ture, in  lbs.  per  sq.  incn. 

W  ">  r^  —  extraneous  center  breaking  load,  in  Ibis.,  on  a  beam  1  inch 

square,  1  ft.  span. 

Mixture.  S. 

Portland    Sand.     Stone.  , ' ♦ 

cement.  Max.         Min.        AVge. 

1               2  4^               40  tests               531             158             304 

1               2^  4                 38  tests              441             131             280 

Effect  of  size  of  stone.  Mixture,  1  —  2\  —  4;  24  hours  in  air,  29  days  in 
wet  ground.     6  tests  for  each  size. 

Wt.,Lb8.perCu.Ft. 


Size,  Ins. 

Stone. 

Concrete. 

Voids. 
Per  Cent. 

Max. 

Min. 

Av'ge. 

2   to  1.5 

95 

166 

48 

328 

263 

298 

1.5  to  1 

95 

156 

45 

349 

272 

311 

1    to  0.5 

99 

150 

40 

305 

219 

263 

0.5  to  0.25 

100 

150 

40 

312 

229 

261 

0.25  and  less 

94 

142 

37 

248 

214 

227 

108 

152 

33i 

349 

230 

293 

When  masonry  Is  hacked  by  concrete,  the  two  are  liable  in  time 
to  crack  apart,  owing  to  unequal  settlement,  especially  if  the  ramming  has 
not  been  thorough. 

In  variable  climates,  cast-Iron  cylinders,  filled  with  concrete,  are 
frequently  split  horizon  tally  by  unequal  expansion  and  contraction.  In 
3ucn  structures  it  is  safest  to  consider  the  cylinders  as  mere  molds  for  the 
concrete ;  and  to  depend  only  upon  the  concrete  for  sustaining  the  load. 

Molded  blocks  of  Portland  concrete,  of  even  50  tons  weight,  can 
generally  be  handled  and  removed  to  their  places  in  from  1  to  2  weeks. 

Bamming  of  concrete^  when  properly  done,  consolidates  the  mass 
about  5  or  6  per  cent.,  renderinie;  it  less  porous,  and  very  materially  stronger. 
The  rammers,  likp  thnsp  u«p»i  in  strpft  pavinsr  firp  of  wood,  about  4  ft.  long, 
6to8ins.  diami  t    -    -  *  .i       i  ..;.     i        n  i  shod  with  iron ;  weight 

about  35  lbs.     They  are  Ic . 6  or  8  ...^.     -.le  men  using  them,  if  standing 

on  the  concrete,  should  wear  gum  boots  to  preserve  their  feet  from  corrosion 
by  the  cement. 

Ramming  cannot  be  done  under  water,  except  partially,  when  the  con- 
crete is  inclosed  in  bags.  A  rake  may,  however,  be  used  gently  for  leveling 
concrete  under  water. 

The  size  of  the  broken  stone  for  concrete  is  generally  specified  not 
to  exceed  about  2  ins.  on  any  edge ;  but  if  it  is  well  freed  from  dust  by  screen- 
ing or  washing,  all  sizes,  from  0.5  to  4  ins.  on  anv  edge,  may  be  used,  care 
bemg  taken  that  the  other  ingredients  completely  fill  the  voids. 
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Ck)ncrete  is  used  for  1irinKtn|r  tip  uneven  f onndntlons  to  a  Itevd 
before  starting  the  masonry.  By  this  means  the  nimiber  of  horizdntal 
joints  in  the  masonry  is  equalizeci,  and  unequal  ficittlement  is  thereby  pre- 
vented. 

Concrete  may  readily  be  deposited  under  water  in  the  usual 
Way  of  lowering  it,  soon  after  it  is  mixed,  in  a  V-shaped  box  of  wood  or  plate 
iron,  with  a  lid  that  may  be  closed  while  the  box  descends.  The  lid,  however, 
is  often  omitted.  This  box  is  so  arranged  that,  on  reaching  bottom,  a  pin  may 
be  drawn  out  by  a  string  reaching  to  the  surface,  thus  permitting  one  of  the 
doping  sides  to  swing  open  below,  and  allow  the  concrete  to  fall  out.  The 
box  is  then  raised  to  be  refilled.  In  large  works  the  box  may  contain  a  cubic 
yard  or  more,  and  should  be  suspended  from  a  traveling  crane,  by  which  it 
'  can  readily  be  brought  over  any  required  spot  hi  the  work.  The  concrete 
m!ay  if  necessary  be  gently  leveled  by  a  "rake  sodn  after  4t  lesMte  the  box.  Its 
consistency  and  strength  will  of  oovrse  b«  impauvd  by  fallnig  through  the 
water  from  the  box ;  and  moreover  it  cannot  be  rarnnwd  under  water  with- 
out still  gi^ater  injury.  Oonerete  has  been  safely  deposited  in  the  abo^e- 
mentioned  manner  in  depths  of  50  ft. 

Tlte  Tremie*  sometimes  used  ior  depoutiag  oonorete  under  Water,  is  a 
box  of  wood  or  of  plate  iron,  round  or  square,  open  at  top  and  bottom, 
and  of  a  length  suited  to  the  depth  of  water.  It  may  be  about  18  ins.  diam. 
Its  top,  which  is  always  kept  above  water,  is  hopper-shaped,  for  receiving  the 
concrete  more  readily.  It  is  moved  laterally  and  vertically  by  a  traveling 
crane  or  other  device  suited  to  the  Cftse.  Its  lower  end  rests  on  the  riv«r 
bottom,  or  on  the  deposited  concrete.  In  commencing  operations,  its  lower 
end  resting  on  the  river  bottom,  it  is  first  entirely  filled  with  concrete,  which 
(to  prevent  its  being  washed  to  pieces  by  falling  through  the  water  in  the 
tremie)  is  lowered  in  a  cylindrical  tub,  with  a  bottom  somewhat  like  the  box 
before  described,  which  ean  be  opened  when  it  arrives  at  its  proper  j^ce. 
When  filled,  the  tremie  is  kept  so  by  fresh  concrete,  thrown  into  the  hopper 
to  supply  the  place  of  that  which  naduall^  falls  out  below,  as  the  tremie  is 
lifted  a  little  to  allow  it  to  do  so.  The  weight  of  the  filled  tremie  compacts 
the  concrete  as  it  is  deposited.  A  tremie  had  better  widen  out  downward 
to  allow  the  concrete  to  fall  out  inoi*e  readily. 

The  area  upon  which  the  conerete  is  deposited  must  previously  be  sur- 
roimded  by  some  kind  of  inclosmre,  to  prevent  the  concrete  from  spreading 
beyond  its  proper  limits ;  and  to  serve  as  a  mold  to  give  it  its  intended  shape. 
Thus  inclosure  must  be  so  strong  that  its  sides  may  not  be  bulged  outward  by 
the  weight  of  the  concrete.  It  is  usually  a  dose  crib  of  timber  or  plate  iron 
without  a  bottom ;  and  will  remain  after  the  work  is  done.  If  of  timber  it 
may  require  an  outer  row  of  cells,  to  be  filled  with  stone  or  gravel  for  sink- 
ing it  into  place.  Care  must  be  taken  to  prevent  the  escape  of  the  concrete 
through  open  spaces  under  the  sides  of  the  crib  or  inclosure.  To  this  end 
the  cnb  may  be  scribed  to  suit  the  ineoualities  of  Uie  bottom  when  the  latter 
cannot  readily  be  leveled  cW.  Or  inside  roeet  pines  will  be  better  in  some 
cases ;  or  an  outer  or  inner  broad  flap  of  tarpaulin  may  be  fastened  all  around 
the  lower  edge  of  the  crib,  and  be  weighted  with  stone  or  gravel  to  keep  it  in 
place  on  the  bottom.  Broken  stone  or  gravel  or  even  eatth  Cthe  last  two 
where  there  is  no  current),  heaped  up  outside  of  a  weak  crib,  will  prevent  the 
bulfi^ng  outward  of  its  sides  by  the  pressure  of  the  concrete.  After  the  con- 
crete has  been  carried  up  to  within  some  feet  of  low  Water,  and  leveled  off,  the 
masonry  may  be  started  upon  it  by  means  of  a  caisson,  or  by  toen  in  diving 
suits.  Or,  if  the  concrete  reaches  very  nearly  to  low  water,  a  first  deep 
course  of  stone  may  be  laid,  and  the  work  thus  brought  at  once  above  low 
water  without  any  such  aids. 

The  concrete  should  extend  out  from  2  to  5  feet  (acoording  to  the 
ease)  beyond  the  base  of  the  masonry.  All  soft  mud  should  be  removed 
before  depositing  concrete. 

Bags  partly  filled  with  concrete,  and  merely  thrown  into  the  wtfter, 
are  used  m  eertain  oases.  If  the  textwe  of  the  bags  is  sliglrtly  open,  a  por- 
tion of  the  cement  will  ooie  out,  and  bkid  the  whole  intoa  tolerabcy  eompaet 
mass.  Such  bags,  by  the  aid  of  divers,  may  be  employed  for  stopping  leaks, 
underpinning,  and  various  otlwr  p«rp«MB,  that  noty  suggest  tnemaeives. 
Such  bags  ihay  be<rammed  to  some  extent. 

Tarpaulin  may  be  spread  over  deep  seam$  In  rocic  to  prevent 
the  loss  of  concrete;  and,  in  some  cases,  to  prervent  it  ftota.  being  WAabed 
away  by  springs.  ^  i 
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"When  concrete  is  deposited  in  water,  especially  in  the  sea,  a  pulpy  gela- 
tinous fluid  exudes  from  the  cement,  and  rises  to  the  surface.  This  causes 
the  water  to  assume  a  milky  hue;  hcinoe  the  term  laitance,  which  French 
engineers  apply  to  this  substance.  As  it  sets  very  imperfectly,  and,  with 
some  varieties  of  cements,  scarcely  at  all,  its  interposition  between  the  layers 
of  concrete,  even  in  moderate  quantities,  will  have  a  tendency  to  lessen,  more 
or  less  sensibly,  the  continuity  and  strength  of  the  mass.  It  is  usually  re- 
moved from  the  inclosed  space  by  pumps.  Its  proportion  is  greatly  dimin- 
ished by  reducing  the  area  of  concrete  exposed  to  the  water,  by  using  larfft 
boxes,  say  from  1  to  li  cu.  yds.  capacity,  for  immersing  the  concrete." 
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Art.  1.  Most  of  the  exploslTOS,  which,  of  late  years,  have  been  takine 
the  place  of  gun^wder.  consist  of  a  powdered  substance,  partly  saturated 
trith  nitro-glycerine,  a  fluid  produced  by  mixing  glycerine  with  nitric  and  sul^ 
phuric  acids. 

Art.  2.  Pure  nltro-elycerine,  at  60°  Fah,  has  a  sp  gray  of  1.6.  It  is 
odorless,  nearly  or  quite  colorless,  and  has  a  sweetish,  burning  taste.  It  is  poison- 
ous, ev^en  in  very  small  quantities.  Handling  it  is  apt  to  cause  headaches.  It  is 
Insoluble  in  water.  At  about  806°  Fah  it  takes  fire,  and,  if  unconfined,  bums 
Harmlessly,  unless  it  is  in  such  quantity  that  a  part  of  it,  before  coming  in  con- 
tact with  air,  becomes  heated  to  the  exploding  point,  which  is  about  880°  Fah. 

N-G,  and  the  powders  containing  it,  are  always  exploded  by  means  of 
sharp  percussion.  See  Arts  36,  Ac.  After  N-G  is  made,  great  care  is  required  to 
Wash  It  completely  from  the  surplus  aeids  remaining  in  it  from  the 
process  of  manufacture.  Their  presence,  either  in  the  liquid  K-O,  or  in  the 
powders  containing  it,  renders  tne  N-G  liable  to  spontaneous  decomposition, 
^hich,  by  raising  the  temperature,  increases  the  danger  of  explosion. 

Art.  3.  N-G  treemea  at  about  45°  Fah.  It  is  then  very  difficult  of 
explosion,  and  must  be  thawed  graducUly,  as  by  leaving  it  for  a  sufficient 
length  of  time  in  a  comfortably  warm  room,  or  by  placing  the  vessd  containing  it 
In  a  second  vessel  containing  hot  water,  not  over  100°  Fah ;  but  never  by  exposing 
It  to  intense  h^at,  as  in  placing  it  before  a  fire,  or  setting  it  on  a  stove  or  Doiler. 
Extra  strong  caps  are  made  for  exploding  N-G  and  its  powders  when  frozen. 

Art.  4.  N-G,  owing  to  its  iiicompressibility,  is  liable  to  explosion 
through  accidental  percussion.  This,  and  its  liability  to  leak- 
ai^e,  render  it  inconvenient  to  transport  and  handle.  Hence  it  is  rarely  used  in 
the  liquid  state  in  ordinary  quarrying  and  other  blasting.  In  the  oil  regions  of 
Penna,  it  is  largely  used  in  oil  wells, in  order  to  increase  the  flow.  For  this 
purpose  it  is  confined  in  cylindrical  tin  casings,  from  1  to  5  inches  diam,  called 
torpedo^hells.  These  are  suspended  from,  and  lowered  into  the  well  by  means 
if,  a  cord  or  wire  wound  on  a  reel ;  and  are  destroyed  when  the  charge  is  ex- 
ploded. They  are  about  1  inch  less  in  diam  than  the  well,  and  contain  usually 
from  one  to  twenty  quarts » 3  lbs,  S%oz  to  66.  lbs.  63>^oz  of  N-G.  They  are 
pointed  at  their  lower  ends,  in  order  to  facilitate  their  passage  through  the  oil  or 
water  which  may  be  in  the  well.  When  a  greater  charge  than  about  663^  lbs  is 
required,  two  or  more  of  these  shells  are  placed  in  the  well,  one  on  top  of  another, 
the  conical  point  on  the  lower  end  of  eacn  one  fitting  into  the  top  of  the  pne  next 
below.  In  this  case,  the  N-G  is  fired  by  means  of  a  cap  or  series  of  caps  placed 
In  the  top  of  the  charge  before  it  is  lowered.  When  the  charge  is  in  place,  the 
caps  are  exploded  by  electricity  led  to  them  by  conducting  wires,  as  in  Art  87,  or 
(as  in  the  method  more  commonly  practised)  by  letting  a  weight  fall  on  them. 

When  a  well  has  been  repeatedly  torpedoed,  and  a  cavity  has  thus  been  formed 
in  it  so  large  that  the  space  surrounding  a  torpedo  would  interfere  too  greatly 
with  the  efl^ct  of  the  explosion  of  the  N-G  on  the  walls  of  the  well,  the  latter  is 
placed  directly  in  the  well,  by  lowering  a  tin  cylinder,  filled  with  it,  and  pro- 
vided with  an  automatic  arrangement  which  allows  the  N-G  to  escape  when  at 
the  bottom  of  the  well.  The  N-G  is  then  fired  by  a  torpedo  suspended  on  a  line, 
and  having  caps  placed  in  its  top.  These  caps  are  exploded  by  a  leaden  or  iron 
weight  sliding  down  the  line,  or  by  electricity.  When  the  rock  is  seamy,  the 
N-G  is  confined  in  short  cylindrical  tin  shells,  lowered  into  the  cavity,  and  fired  by 
a  torpedo.  It  is  also  used  for  increasing  the  flow  of  springs  of  water.  It  of  course 
cannot  be  used  in  hor  or  upward  holes,  such  as  often  occur  in  tunneling,  <&c. 

Art.  5.  N-G  explodes  so  suddenly  that  Tery  little  tampinsr  is  re* 
anired.  Moist  sand  or  earth,  or  even  water,  is  sufficient.  This,  with  the  fact 
that  N-G  is  unafl'ected  by  iraraersion  in  water,  and  is  heavier  than  water,  render 
it  particularly  suitable  for  sub-aqueous  work,  or  for  holes  conuining 
water,  provided  the  rock  has  no  seams  which  would  permit  the  N-G  to  escape. 
If  the  rocfc  is  seamy,  the  N-G  must  be  confined  in  a  water-tight  casing. 
Such  casings,  however,  necessarily  leave  some  spaces  between  the  rock  and  the 
explosive,  and  these  diminish  considerably  the  effect  of  the  latter. 

Art.  6.  The  great  exploslTe  force  of  If-O  is  due  partly  to  the  very 
large  volume  of  gas  into  which  a  small  quantity  of  it  is  converted  by  explosion,  and 
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Mrtly  to  th«  mdSamtu  with  wMoh  this  «oiiv«rsioii  takes  plac*,  the  gMM  being 
liberated  almoit  initantaneouBly,*  whUe  with  gunpowder  their  liberation  reqairet 
a  longer  time.  The  saddennen  of  the  ezploeion  increases  its  effect,  not  only  by 
applying  all  of  its  force  practically  at  one  instant,  but  also  by  greatly  heading  the 
gases  produced,  and  thus  still  fhrther  increasing  their  vojame. 

Art.  7.  The  liquid  condition  of  N-G  is  useful  in  causing  it  to  fill  the  drill- 
liole  completely,  so  that  there  are  no  vacant  spaces  in  it  to  waste  the  force 
of  the  explosion.  On  the  other  hand,  the  liquid  form  is  a  disadvantage,  because, 
when  thus  used  without  a  containing  vessel  in  seamy  rock,  portions  of  the  N-O  leak 
away  and  remain  Qnezploded  and  unsuspected,  and  may  cause  accidental  ezplosioi 
at  a  future  time. 

Art.  8.  N-O  Is  stored  In  tin  cans  or  earthenware  Jars.  If 
properly  washed  from  acid  it  does  not  injure  tin.  For  transportation,  these  cans  oi 
jars  are  packed  in  boxes  with  sawdust,  or  in  padded  boxes,  and  loaded  in  %oagon% 
The  R  R  companies  do  not  receive  it. 

Art.  9.  When  N-G  and  its  compounds  are  comipkUJLy  exploded,  the  Kase% 
prlwen  out  are  not  troublesome,  bnt  those  resulting  from  inoomplds  explosion 
inch  as  generally  takes  place,  or  from  combustion,  are  very  offensive. 

Art.  10.  For  convenience,  we  applv  the  same  ^'dynMUite  *'  to  any  expla 
•ive  which  contains  nitro-glyceiine  mixed  with  a  granular  absorbent;  *'tm€ 
dynamite  "  to  those  in  which  the  absorbent  of  the  N^  is  "  Kieselguhr,"t  oi 
some  other  ifurt  powder  which  takes  no  part  In  the  explorion;  and  ^'fals^ 
dynamite  **  to  those  in  which  the  absorbent  itself  contains  explosive  substances 
Other  than  N-O. 

Art.  11.  The  absorbent,  by  its  granular  and  compressible  condition, 
sets  as  a  enslilon  to  the  If  •€*•  alid  protects  it  from  percussion,  and  from 
the  consecrnent  danger  of  accidental  explosion. 

N-O  undereoee  no  change  in  composition  by  being  abooxtMd ;  and  it  then  fireeses^ 
burns,  explodes,  ftc,  under  the  same  conditions  as  to  pressure,  temperature,  Ac,  as 
when  in  the  liquid  form.  The  cushioning  effect  of  the  abeorbent  merely  renders  it 
more  difficult  to  bring  abont  sufficient  percussive  pressure  to  cause  explosion.  The 
absorption  of  the  N-G  in  dyn  enables  the  latter  to  be  used  in  hor  holes,  or  in  boles 
drilled  upward. 

Art.  12.  N-G  and  dyn  explode  much  more  readilT  when  rigidly 
OOnflned,  as  by  a  metaUie  vessel,  or  by  the  walls  of  a  hole  drilled  in  rock,  than 
when  confined  by  a  yidding  substance,  as  wood.  Therefore  the  fact  that  dyn,  not 
being  liquid,  can  be  packed  in  wooden  boxes,  renders  it  safer  than  N-G  which  has  to 
be  kept  in  stone  or  metal  vessels. 

Art.  13.  True  dynamites  most  contain  at  least  about  60  per 
cent  of  N-O.  Otherwise  the  latter  will  be  too  completely  onshioned  by  the  absorbent, 
and  the  powder  will  be  too  difficult  to  explode.  False  dynamites,  on  the  contrary, 
may  contain  as  small  a  percentage  of  N-G  as  may  be  desired;  some  containing  as 
little  as  15  per  cent.  The  added  explosive  substances  in  the  false  dynamites  generally 
contain  large  quantities  of  oxygen,  which  are  liberated  upon  explosion,  and  aid  in 
•fl^M^ng  the  complete  combustion  of  any  noxious  gases  arising  from  the  N-G. 

Art.  14.  Dynamites  which  contain  lars^e  percentages  of 
H-O  explode  (like  the  liquid  N-G.  Art  6)  with  great  suddenness,  tending  to  shatter 
fbe  rook  In  their  vicinity  into  small  ft*agments.  They  are  most  useful  in  very  hard 
rock.  In  such  rock,  "No  1  dynamite,  or  that  containing  76  per  cent  of  N-G,  is 
roughly  estimated  to  have  about  6  times  the  force  of  an  equal  wt 
of  in">  powder. 

For  soft  or  decomposed  rocits.  sand,  and  earth,  the  lower  iprades 
of  dynamite,  or  those  containing  a  smaller  percentage  of  N-G,  are  more  suitable. 
They  explode  with  less  suddenness,  and  their  tendency  is  rather  to  upheave  large 
masses  of  rock,  Ac,  than  to  splinter  small  masses  of  it.  They  thus  more  nearly  re- 
semble gunpowder  in  their  action. 

Judgment  must  be  exercised  as  to  the  yrade  and  quantity  of  explosive 
to  be  used  in  any  given  case.  Where  it  is  not  ol:|jectionable  to  break  the  rock  into 
small  pieces,  or  where  it  is  desired  to  do  so  for  convenience  of  removal,  the  higher, 
tkattering  gntdes  are  nsetW.  Where  it  is  desired  to  get  the  rock  oat  in  large  masses, 
as  in  quturying,  the  lower  grades  are  preferable. 

For  very  difficult  work  in  hard  rock,  and  for  submarine  blasting,  the  highest 

Sades,  containing  70  to  76  per  cent  of  N-G,  are  used.    A  small  charge  of  these  does 
e  same  execution  as  a  larger  charge  of  lower  grade,  and  of  course  does  not  require 

*  Such  sudden  liberation  of  gas  is  called  ^'  detonation.** 

*  KiMtlffuhr  Is  as  eartky,  ailieiou  UmMtone,  composed  of  the  foatil  remains  of  small  ibella 
laali  sliell  acu  a^  a  miante  rsetptael*  fer  aitro^gljoerlne.  Kleaelgulir  It  foand  In  Hanover.  Oermaay 
maA  In  Hew  Jeney.  ^  r 
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Ike  4itiNng  •§  m  kHg«  »  tool*,  in  rabmiiriM  work  tii«ir  stuM^  •jLgUtkoja  I9  nsl 
«kad9ii6d  by  th«  water. 

For  general  railroad  work,  ordinary  tunneling,  mining  of  oree,  Ac,  the  »irer« 
Ki^e  Cradew  oontaininii  4u  per  o«nt  of  N-G,  ia  used ;  for  qiiarvyiflis.  35  per 
cent;  for  blasting^  stiuii|M^  trees,  piles*  Ao»30  per  cent;  for  sapcL  and 
earth,  16  per  cent. 

Art.  15.  Dynamite,  Uke  N-G,  can  be  readily  exploded  under 
water,  provided  it  is  so  immersed  aa  not  to  be  icaUered;  bnt  lonip  exp<Mure 
to  water  to  itOnrioaui  to  it^  In  the  higher  grades,  the  water,  by  its  greater 
affinity  for  the  absorboit,  driree  out  the  N-G^  In  the  16wer  grades  it  is  apt  to  wash 
away  the  salU  used  as  additional  ezploeiTes. 

Artb  16.  In  dyne  eenteiniag  a  large  percentage  of  N-O,  tiie  Utter  is  liable 
to  exude  in  liqvid  form,  or  to  "leak»"  especially  in  warm  weather,  and  then  to 
soBptode  throngh  aeeideatal  percussion.  The  same  danger  exists,  even  though  the 
percentage  of  N-G  be  small,  if  the  absorbent  hae  but  small  absorbing  powei;  and  ii^ 
domequently,  easily  satuaated. 

Art.  17.  Trae  <tarii  raoemblea  moist  brown  ingar.  Ita  profiertlea  ax» 
generally  those  of  the  M-G  contained  in  it.  Thus*  it  takes  fire  at  about  350°  F,  and 
bvms  freely.   It  hmmtn  at  469  F,  and  is  then  difficult  to  explode.   It  is  not  exploded 


ky  friction,  or  by  ordinary  peronasion,  but  requires,  for  general  purposes,  a  strong 
eap,  or  exploder,  containing  fulminating  powder,  see  Arts  36,  38,  Ac.  It  may,  how« 
eT«r,  be  exploded  by  a  priming  af  goqpowder,  tightly  tamped,  and  fired  by  an  ordl- 
IMry.  safe^-ftise. 

Art.  18.  The  chargre  should  fill  the  cross  section  of  tli« 
hole  as  completely  as  possible.  If  water  ih  not  lijuuling  in  the  bole,  the  cartridge 
•honld  be  out  open  before  ins«rtion,8o  that  t^  powder  may  eeoe|)e  tcom  it  and  fill  the 
hole ;  or  the  powder  may  be  simply  emptied  frcoa  the  cartridge  into  the  hole. 

Art.  19.  For  blasting  iea  in  place,  holes  are  cut  in  ft,  and  a  number  of  dyn 
earttldgee  (one  of  which  must  contain  an  exploding  cap)  are  tied  together  and  low- 
ered from  1  to  6  ft  into  the  water.  9%ey  ave  fired  as  eeon  as  poesible  after  immer' 
■ion,  to  avoid  the  danger  of  freeziog»  filectrical  axplodeis  (Arts  37,  Ac,)  are  best 
fbr  sub-aqueous  work. 

Art.  20.  Dyn  is  useful  for  breaking^  up  pieces  of  metal^  such  as  old 
amnon,  oondemned  maektearv,  **wilaiianitew"  (masses  of  hardeqed  sine)  in  blast 
faruaces,  &o.  In  cannon,  the  dyn.  ia  of  «oni8a exploded  in  the  bore*  In  o^ier  plece/^ 
small  holes  are  cenerally  drilled  to  receive  it;  hot  plates,  area  of  considerable  thick* 
ness,  may  be  broken  by  mwsly  exploding  dyn  upon  tibeir  anrfAce. 

Art.  21.  For  blastiafp  trees  or  stamps,  one  or  more  cartridges  ara 
fired  in  a  hole  boved  is  the  trank  or  noecst  or  nnd»r  the  latter*  Ibis  shattera  both 
trunk  and  roots.  A  tree  magr  be  felled  neatly  by  boring  a  number  of 
small  radial  holes  into  it,  at  eqaaishort  diets  in  s  bor  Hue  around  its  circumf,  an^ 
by  means  of  an  electric  battery  (Arte  87,  Ac),  exploding  simultaneously  a  small 
charge  of  dyn  in  eachi  Or  a  single  los|;  cartridge  may  be  tied  around  the  trunk  of 
m  small  tree,  and  fired. 

Art.  22.  Piles  asay  be  blasted  in  the  same aay  as  trees ;  or  a  hole  may 
W  bored  for  the  cartridge  Is  the  axiS'aC  tha  pUaf  or  lk»  oartfidg*  may  be  simply 
tied  to  the  side  of  the  pile  at  any  desired  ht. 

Art.  28.  The  higher  grades,  of  dyn,  like  K-G,veqMire  but  little  tamp* 
!■£.  TJm  a  woodm  tampin^-bar,  tmr  a  metam»  oa%  for  any  explosi  v  e.  If 
»  charge  of  dyn  **  haasaflre^  14  iedaagaroas  to  attempt  to  removo  it.  Bemove 
the  tampinffy  all  but  a  few  ins  in  depth,  on  top  of  which  insert  another  cartridge, 
oontaining  an  exploder,  and  try.again.  8eo  atecbioal,  eivloderfl^  Arts  37»  Ac  By  a, 
like  N-G,  if  froeen,  must  be  thawed  ffraduaUih  by  leaving  it  in  a  warm  room,  far 
from  the  fire ;  or  by  placing  it  in  a  metallic  vweaely  which  u  then  placed  in  another 
Tessel  containing  hot  irater.  ia»e  water  should  not  be  hotter  than  can  be  borne  by 
the  hand.  Otherwise  the  N-G  is  liable  to  eeparate  fh>m  the  absorbent.  The  K-Q  ip 
dyn  may  freeae  without  semeatisg  together  the  particiea  of  the  absorbent;  la 
which  case  the  powder  of  course  is  still  soft  totiiie  touch.    Am  OTewchargre  of 


M-Q,  or  of  dyn,  is  liable  to  be  burned,  and  thus  Wasted,  giving. off  offensive  gasea. 

Art.  24.  IHrn  is  sold  in  eyJindrfteal,  paper-covered  car^ 
lidgres,  from  J^to  2  ins  in  diam,  and  d  to  8  ins  long,  or  longer.  Tliey  are  fur- 
nish^ to  order  of  any  required  size,  and  are  padked  in  boxM  containing  25  lbs  or  54 


fts  each.    The  layers  of  cartridges  are  aepafated  by  sawdust. 
Art*  29.    Some  of  the  R  it  compaisies  decline  to  carry  dyn  or  N-G  in  ao^ 

shape.  Others  carry  dyn  under  certain  restrictions,  based  upon  State  laws;  pro- 
viding that  it  must  be  dry  (»'  e,  that  no  N-G  shall  be  exuding  from  it) ;  that  boxes 
and  cars  containing  it  shall  be  plainly  marked  with  soma  cautionary  words,  as  **ex- 
pk)Sive,**  **  dangerous,**  &c;  that  the  cartridges  shall  be  so  packed  in  the  boxes,  and 
the  boxes  so  loaded  in  the  cars,  that  both  shall  lie  upon  their  s^i,- and  the  boxes 
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^  in  notcUmger of  fkUiag  to  the  floor;'  tiuit  oaf»,  Ae»  AiA  ml  IM  loactod  in  the 
aame  ci^r  witu  dyn,  Ac.  £e. 

Art.  26.  A  ereai  nuuiy  varieties  oCdsra  »re  macle*  They  differ 
(ffeaemUj  butsUghjtly)  in  the  compoaition  o£  «hoabeoi!beBt^  and  in  the  method 
•I  manafaotusek    Each  iqaker  usually  makea  a  number  of  grades,  containing 


different  peroentagee  of  N-G,  <fco,  and  gdves  to  his  powden  some  &neiful  name. 

Art.  2T«  The  following  table  or  explosives,  made  by  the  Repauno 
Chemical  Go^  Wilmington,  Del,  and  known  as  *^  Atlaa"  powoers^  gives  the 
percentile  of  N-6  in  each. 


Brand. 

Percentage 

of  N^.; 

Brand. 

Pereentago 
of  N-G. 

A 

B+ 

B 

c+ 
c 

75 
60 
60 
45 
40 

.1^ 

88 

27 
20 

The  absorbents  eomtain :  in  *'  A"  brand,  18  per  cent  wood  pulp  and  7 

per  cent  carbonate  of  magnesia;  ia  *'  G  "  brand  (the  arerage  grade),  46  per  eeni 

.  tfiftrate of  soda  (soda  saltpetre),  11  percent  wood  pulp,  and  8  per  ceni carbonate 

of  magnesia;  in  "  £  "  brand)  62  per  cent  nUrateof  soda,  16  per  cent  wood  pulp« 

Ac,  and  2  per  cent  carbonate  of  magnesia, 

Art»  2S.  ^^MUter's  FrtcnA"  powder  contains  nitrate  of  8oda»  wood 
pulp,  resin,  and  carbonate  of  magnesia.  It  freezes  at  4SiP,  and  is  then ,  lik*  othel^ 
dfftkf  difficult  to  explode^  When  ased  nsder  waterg  the  cartridges  should  not  be 
broken,  because  the  powder  is  ii^red  by  direct  contact  with  water.  TiieU 
^  Meela  **  iiowcler  is  a  lower  gmde.  It  is  in  granulated  form,  like  ordinary 
blasting  powder,  but  is  said  to  be  much  stronger.  It  is  intended  a9  a  substitute 
for  it. 

Art.  29.  ^  Oiani"  powder  la  dyn  proper,  containing  75  per  cent  N-G, 
and  25  per  cent  £ieselguhr  obtained  near  their  works  in  x^ew  Jersey.  The 
lowest  grade,  branded  *'M,"  contains  20  per  cent  N-O.    The  name  "g^t 


powder" 


opiied  to  dynamite  in  goBeral. 

Art.  30.  Other  brands  are «'  Hesenlea ''  powder  and  **  Jndaoa  R  R  P 
powder »'*  a  substitute  for  ordinary  blasting  powder.  It  is  put  up  in,  water* 
proof  paper  bags,  of  6^  12^,  and  25  lbs  each,  aad  these  are  packed  in  wooden 
bootes  holding  50  t)s  each.  ^'^Jndson  F  V  F  draaaaite  "  is  a  higher  grade, 
m  cartridges  of  the  usual  shape,  packed  in  50^Ib  boxes. 

Art.  31.  '^Rackarock"  cartridges  are  said  to  contain  no  N*0,  and  to 
hfd  entirely  inexploBive  until  immersed,  for  a  few  seconds,  in  saa.  inexplosive 
Uouid  ftirnisbed  by  the  same  Co.  They  are  tben  allowed  to  stand  for  15  mins,. 
after  which  they  may  be  used  at  any  time.  They  are  fired  in  the  same  way  as 
dyn,  and  can  be  used  under  water.  The  mfrs  claim  that  they  "  approximate 
li-G  in  strength,  and  aye  stronger  than  dyn." 

Art^  38L  Tne  ffallowftiiff  expiosiwes  are  made  and  used  in 
Bnvope,  but  hav«.not  yet  been  legoiarly  imported  into  the  U.  a 

Compressed  y«n-eotton,  is  cotton  dipped  in  a  mixture  of  nitric  and 
sulphuric  aeids,  then  reduced  to  a  fine  pulp,  and  made  into  discs  1  to  2  ins  thick, 
ana  >^  to  2  ins  diam,  or  larger;  It  is  generally  used  wet,  for  the  sake  of  greater 
safety.  It  then  requires  extra  strong  caps  or  primers.  Roughly  speaking,  it  is 
abont  as  strong  as  dyn  No  1,  but  is  less  thcUtering  in  its  effbct.  Being  lighter 
than  dyn,  it  requires  larger  boles;  and,  owing  to  its  rigidity,  is  less  easily  in- 
serted, and  does  not  fit  titn  hole  so  completely.  When  dry,  it  is  rery  innamf* 
mable,  but,  if  not  confined,  it  burns  harmlessly.  It  contains  no  liquid,  to  freeze 
or  to  exude ;  and  is  safe  to  handle. 

Art.  33.  Tonite  consists  of  finely  divided  gun-cotton  mixed  with  nitrate 
of  baryta.  It  is  compressed  into  candle-shaped  cartridges  baring,  at  one  end,  a 
recess  for  the  reception  of  an  exploder  containing  fulminate  of  mercury.  The 
cartridges  weigh  about  the  same  as  dyn.    They  are  generally  made  waterproof. 
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Arc  114.  FoFelte,  Idibioflraeteiir.  and  Baalin  are  for^gn^^  mak«s  of 
nitro-glycerine  ezploBiyes.  In  Dual  in  the  absorbent  is  sawdust.  It  has  greater 
bulk  than  dyn  for  a  tdma  wt,  and  requires  larger  boles. 

Art.  80*  ExploslTe  arelatlne  is  a  transparent,  pale  yellow,  elastic 
substance,  and  is  composed  of  90  per  cent  N-G  and  10  per  cent  gun-cotton.  It  is 
less  seositire  than  dyn  to  percussion,  fHction,  or  pressure,  and  is  not  affected  by 
water.  Its  specific  gravity  is  1.6.  It  burns  in  the  opien  air.  For  complete 
detonation  a  special  primer  is  required.  The  addition  of  a  small  proportion  of 
camphor  renders  it  still  less  sensitive,  and  increases  its  explosive  force.  The 
camphor  evaporates  to  some  extent. 

In  some  experiments  on  the  power  of  different  explosives  to  increase  tlie  contents 
of  a  small  cavity  in  a  leaden  block,  explosive  gelatine  caused  an  increase  60  per  cent 
greater  than  that  caused  by  dyn  No  1.  In  hud  rock  the  diff  would  probably  have 
been  greater.    The  increase  was  10  per  cent  less  than  that  caused  by  N-G. 

Art*  86.  Tlie  cap  or  #xpl4kler,  used  with  ordinary  safety  fuse  for  ex* 
ploding  N-O  and  dyn,  is  a  hollow  copper  cylinder,  about  y^  inch  diam,  and  an  inch 
or  two  in  length.  It  contains-  from  16  to  20  per  cent,  or  more,  of  fulminate  of  meiv. 
onry,  mixed  with  other  ingredients  into  a  cement,  which  fills  the  closed  end  of  the 
cap.  The  cap  is  called  **  sing^e-foroe,*'  **  triple-force,**  Ac,  according  to  the  quantity 
of  explosive  it  contains. 

The  end  of  the  fuse,  cut  off  square,  Is  Inserted  Into  the  open  end  of  this  cap,  fitf 
enough  to  tonch  the  fiilminating  mixture  In  it.  In  doing  this,  care  must  be  takea 
Bot  to  roughly  scratch  the  latter.  The  neck  of  the  cap  is  then  pinched,  near  its 
•pen  end,  so  as  to  hold  the  ftise  securely.  The  cap,  with  the  ftise  thus  attached,  is 
wen  inserted  into  the  charge  of  N-0  or  dyn,  care  being  taken  not  to  let  the  fuse  , 
eome  into  contact  with  the  explosive,  which  would  then  be  burned  and  wasted.  If 
a  dyn  cartridge  is  used,  the  fuse,  with  cap,  is  first  inserted  into  it.  The  neck  of  the 
cartridge  is  then  tied  around  the  futa  with  a  string,  and  the  cartridge  is  then  readj 
to  be  placed  in  the  hole  and  fired. 

Art.  87.  Tbe  Siemens  nmcrn^to-eleetrie  MastlniT  appa- 
ratiMy  now  in  general  use,  consists  of  a  wooden  box  about  as  large  as  a  transit- 
box.  Outside  it  has  two  metallic  binding-poets  with  screws,  for  attaching  the  two 
wires  leading  to  the  exploder.  From  the  top  of  the  box  projecU  a  handle  at  the 
end  of  a  vert  bar.  This  bar,  which  is  about  as  long  as  fbe  box  is  liigh,  ts  made  to 
as  to  slide  up  and  down  in  it,  and  is  toothed,  and  gears  with  a  small  phiion  inside 
the  box.  When  a  blast  is  to  be  fired,  the  bar  Is  drawn  up,  by  means  of  the  handle, 
as  far  as  it  will  come.  It  Is  then  pressed  quickly  down  to  the  bottom  of  the  box. 
In  its  descent  it  puts  into  operation,  by  means  of  the  pinion,  a  magneto-electric 
machine  inside  the  box.  This  generates  a  current  of  electricity,  which  increases  in 
force  with  the  downward  motion  of  the  bar.  but  which  is  confined  to  a  short  circuit 
of  wire  toi^in  the  box,  until  the  foot  of  the  oar  strikes  a  spring  near  the  bottom  of 
the  box,  breaking  the  short  circuit  and  forcing  the  electricity  to  travel  through  the 
two  longer  *'  leading  wires,**  which  lead  It  from  the  two  binding-posts  on  the  outside 
•f  the  Irax  to  the  cap  or  exploder  placed  In  the  charge. 

Art.  38.  Tbe  eap  uised  witn  this  machine  is  similar  to  that  used  wltli  safety 
(hse  (Art  36),  except  that  its  mouth  is  closed  with  a  cork  of  sulphui-  cement,  thrungh 
vhich  pass  the  two  wires  leading  from  the  electric  machine.  The  ends  of  these 
vires  project  into  the  ftdminating  mixture  in  the  cap.  They  are  ^  inch  apart,  but 
are  connected  by  a  platinum  wire,  which  is  so  fine  as  to  be  heated  to  redness  by  the 
turrent  from  the  battery.  Its  heat  Ignites  the  fnlmlnate  and  thus  explodes  Uie  can. 

Art.  89.  Where  a  number  of  holes  are  to  be  fired  slmnl* 
taneonaly  (thus  increasing  their  effect),  each  hole  has  a  platinum  cap  inserted 
into  its  charge,  and  one  of  the  short  wires  attached  to  each  cap  is  Joioed  to  one  of 
those  of  the  next  cap,  so  that  at  each  end  of  the  series  of  caps  there  is  one  free  end 
of  a  short  wire.  Each  of  these  two  ends  is  fastened  to  the  end  of  one  of  the  leading 
wires,  placing  the  whole  series  **  in  one  circuit."  Where  the  holes  are  too  fiur  apart 
for  the  caps  to  be  thus  joined  by  the  short  wires  attached  to  them,  the  ends  of  the 
latter  are  connected  by  cotton-coTcred  ^*  counectluip  wires.** 
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Art.  40.  The  magneto^Ieotrical  macliiBe  welylis  about  16  lbs.  It  can 
fire  about  12  caps  at  once. 

Caps  for  ordinary  fuse  and  for  electrical  firing,  fuses,  wires,  electrical  machines, 
Ac,  are  sold  by  most  of  the  makers  of,  and  dealers  in,  explosiyes,  rock-drilling 
machines,  Ac, 

Art,  41.  Simultaneous  firing  of  a  number  of  holes  can  be  conveniently 
accomplished  only  by  electricity.  Electric  blasting  apparatus  is  specially  useful 
for  blasting  under  water,  where  ordinary  fiises  are  apt,  especially  at  great  depths, 
to  become  saturated  and  useless. 

If  an  electrical  machine  fails  to  fire  a  charge,  it  is  known  that  the  charge 
cannot  explode  until  the  attempt  is  repeated.  Therefore  no  time  need  be  lost, 
and  no  risks  ran,  on  account  of  '*  hanging  fire." 

OUNPOWBER. 

The  explosfwe  force  of  powder  is  about  40000  lbs,  or  18  tons,  per  squart 
inch.  Its  weln^ht  averages  about  the  same  as  that  of  water,  or  62^  lbs  ner 
cnbic  foot :  hence,  1  lb  =  about  28  cubic  inches.  In  ordinary  quarrying,  a  cubic 
yard  of  solid  rock  in  place,  (or  about  1.9  cubic  yards  piled  up  after  being  quar- 
ried,) requires  ftpom  ^  to  ^  lb.  In  very  refractory  rock,  lying  badly  for  quarry- 
ing, a  solid  yard  may  require  fh>m'  1  to  2  lbs.  In  some  of  the  most  successfal 
great  blasts  tor  stone  for  the  Holyhead  Breakwater,  Walea  (where  teveral 
thousands  or  lbs  of  powder  were  uRually  exploded  by  electricity  at  a  single 
blast,)  from  2  to  4  cubic  yards  solid  were  loosened  per  lb ;  but  in  many  instances 
not  more  than  1  to  1}4  yards.  Tunnels  and  shafts  require  2  to  6  lbs  per  solid 
yard ;  usually  8  to  6  ros.  Soft,  partially  decomposed  rock  frequently  requires 
more  than  harder  ones.    Usually  sold  in  kegs  of  26  lbs.* 


Welfflit^f  powder 

In  one  foot  depth  of  hole. 

•Wvight  •f  powder 
•wolrdnpoU 

lin 
OlbSoB 

l^ins 

OlbSOB 

l^ins      2  ins 
Olblloz    1ft  4oz 

2Ib 

8  ins 
2lbl3o« 

IMameter  of  liol© 

Wetcl&t  of  Powdor 
•wolrdupoU 

8^ln 
3lbl4oB 

4  ins 
61b  Cob 

4HIns 
flftOos 

6  ins 
71bl4o« 

5^in8 
91b  8oB 

6  ins 

lllb60B 
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PlBBSSBTAraON  OF  TIMBIDB. 

Art.  1.  (a)  The  decay  of  timber  is  caused  by  the  growth  and 
activities  of  fungi.  The  minute  spores  of  one  of  these  fungi,  germinating 
on  a  piece  of  wood,  send  out  fine  threads,  which  enter  the  wood  cells  and 
soon  give  off  a  complex  compound  called  a  ferment  or  enzyme,  which  dis- 
solves certain  parts  of  the  wood  fibre.  The  dissolved  fibre  serves  aa  food 
for  the  fungus.  The  threads  throw  out  branches  and  sub-branches,  and 
soon  the  timber  is  permeated  by  a  mass  of  such  threads,  the  growing  parts 
of  which  give  off  ferment.  The  action  of  the  ferment  changes  the  chemical 
and  physical  properties  of  the  wood,  rendering  it,  in  some  cases,  like  browu 
charcoal,  in  others  white,  soft  and  stringy,  and  the  wood  is  said  to  be  rotten 
or  decayed.  Eventually  some  of  the  threads  grow  out  from  the  surface 
of  the  timber,  and  form  toadstools  and  other  excrescences.  Under  these 
are  found  cavities  containing  thousands  of  spores,  which,  when  ripe,  are 
blown  oflf  into  the  air  and  settle  upon  other  timbers,  where  the  process  is 
repeated.  Moisture  and  heat  are  favorable  to  the  growth  of  the  fungi,  aa 
are  also  the  starches,  sugars  and  oils  found  in  the  cells  of  the  sap  wood  but 
wanting  in  the  heart  wood.  If  protected  from  the  action  of  these  fungi, 
wood  will  last  indefinitely.  Hence  the  accumulation  of  dead  wood  should 
be  avoided.*  If  air  is  excluded,  as  when  timber  is  kept  constantly  and 
entirely  immersed  in  salt  or  fresh  water,  the  fungi  cannot  thrive.  Sap, 
confined  in  timber  with  air,  ferments,  producing  dry  rot;  as  where  beama 
are  enclosed  air-tight  in  brickwork,  etc. ;  and  where  green  timber  is  painted 
or  varnished,  or  treated  with  creosote,  etc.  The  sap  then  not  only  prevents 
the  thorough  penetration  of  the  oil,  etc,  but  may  cause  the  ^eater  part  of 
the  wood  to  rot  although  its  firm  outer  shell  gives  it  a  deceptive  appearance 
of  strength,  (b)  Sap  should  therefore  be  first  removed  by  seasoning} 
t  e,  either  by  drying  the  wood  in  air  at  natural  or  higher  temperatures, 
or  by  first  steaming  the  wood  under  pres  so  as  to  vaporize  the  sap,  and 
then  removing  the  Tatter  by  means  of  a  vacuum.  Thorough  seasoning  of 
large  timbers  m  dry  air  at  ordinary  temperatures  ma^  require  years;  and 
too  rapid  kiln-drying  cracks  and  weakens  the  wood.  But  it  is  questionable 
whether  steaming  and  vacuum  remove  sap  as  thoroughly  as  do  the  slower 
dry  processes,  (c)  Alternate  exposure  to  water  and  air  is  very  destructive. 
It  Aft.^i«^  w^  rot* 

Art.  2,  Sea-worms.  The  limnaria  terebranM  wmkA  from  near  hi^i* 
water  mark  to  a  little  below  the  surface  of  mud  bottom;  the  teredo  navaltM 
within  somewhat  less  limits.  The  teredo  is  said  to  b»  Modeled  lena«iHR» 
by  the  presonoe  of  sewa^  In  water. 

Art.  3.  (a)  The  best  timber-preserving  processes  are  t>ractically  useless 
unless  thoroughly  well  done.  If  the  gain  in  durability  will  not  war* 
rant  the  expenditure  of  time  and  money  read  for  this,  it  is  more  economical 
to  use  the  wood  in  its  natural  state,  (b)  The  woods  best  adapted  to 
treatment  are  those  of  an  open  or  porous  texture.  They  absorb  the  oil 
etc  better  than  the  denser  woods;  and  their  cheapness  renders  the  use  of 
*he  treatment  more  economical,  (c)  Most  of  the  processes  in  common  use 
seem  to  render  wood  less  combustible,  (d)  After  treatment  by  any  process, 
the  wood  should  be  well  dried  before  using. 

Art.  4.  (a)  Creosote  oil,  or  dead  oil.  is  the  best  known  preservative. 
Against  sea-worms  it  is  effective  for  15  to  z5  years,  and  is  the  only  known 
protection,  (b)  As  temporary  expedients,  piles  are  sometimes  covered  with 
sheet  metal,  or  with  broad-headed  nails  driven  close  together.  These  rust  or 
wear  away  in  a  few  ye&TS.  Oak  piles,  cut  in  January,  and  driven  with  the  bark 
on,  have  resisted  the  teredo  for  4  or  5  years;  and  impress  piles,  well  charred, 
for  9  years,  (c)  For  ordinary  exposures  on  land,  8  to  10  lbs  of  creosote  oil 
per  eub  ft  are  reqd  »  say  070  to  830  lbs  per  1000  ft  board  measure  »  30 
to  40  lbs  per  cross  tie  of  4  cub  ft.  For  protection  against  sea-worms  10  to 
12  tbs  per  cub  ft  suffice  in  climates  like  those  of  Great  Britain  and  the 
Northern  U  S;  but  in  warmer  waters  where  the  teredo  is  verjr  active,  from 
14  to  20  tbs  per  cub  ft  are  used.  Large  timbers  may  not  require  saturation 
throughout,  and  thus  may  take  less  per  cub  ft.  But  see  (i)  and  end  of  Art. 
1  (a),  (d)  Creosote  oil  welshs  about  8.8  lbs  per  U.  8.  gallon,  (e)  The 
sticks  should  be  reduced  to  their  intended  final  dimensions  and  framed  (if 
framing  is  reqd)  before  treatment ;  especially  if  for  exposure  to  teredo,  whieh 
^  ■  ■  I 

♦  See  paper  by  Dr.  Hermaim  von  Schrenk,  read  before  the  American 
Railway  Engineering  and  Maintenance  of  Way  Aasociation^March.  1001. 
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Ib  sure  to  attack  any  spots  which  (as  by  subsequent  cutting)  are  left  unpro- 
tected, (i)  Creosoted  ties  have  remained  sound  after  22  years'  exposure. 
The  creosote  protects  the  spikes  from  rusting,  (g)  Spruce  and  tamarack, 
owing  to  their  irregular  density,  are  unsuitable  for  creosoting.  (h)  Creosote 
renders  wood  stiffer  and  slightly  more  brittle.  In  hot  weather  it  exudes  to 
some  extent  and  discolors  the  wood.  Us  smell  excludes  it  from  dwellings. 
{!)  It  does  not  wash  out  from  the  wood,  but  often  fails  to  penetrate  the 
heart-wood.  Then,  if  any  sap  remains,  decay  begins  at  the  center.  See 
end  of  Art  1  (a).  Burnettizing  the  cen  of  the  stick  (see  Art  7)  and  using  a 
coating  of  creosote  outside,  has  long  been  suggested  as  the  best  possible 
method.  It  is  the  principal  feature  of  the  Aliardyce  process.  Ihis  is 
cheaper  than  thorough  creosoting.  In  the  Rii timers  process,  which  has 
been  succeasfuUy  employed  for  ties  in  Germany  since  1874,  the  creosote  and 
a  solution  of  zinc  chloride  are  injected  simultaneously,  (j)  In  the  creo- 
reslnate  process  *  the  preservative  Huid  consists  of  creosote  38  per  cent, 
formaldehyde  2  per  cent,  and  melted  resin  60  per  cent. 

Art.  5.  (a)  Mineral  solutions  are  inferior  to  creosote,  even  on  land; 
and  useless  in  running  water  or  against  sea-worms;  but  they  approximately 
double  the  life  of  inferior  timber  under  ordinary  land  exposures;  and  their 
cheapness  permits  their  use  where  that  of  creosote  is  too  expensive,  (b) 
They  render  wood  harder;  and  brittle  if  the  solution  is  too  strong.  They 
are  liable  to  be  washed  out  by  rain,  etc.  Hence  the  outer  wood  decays  first. 
See  Art  4  (i)  Art  8  (b)  (c)  (d).  (c)  A  committee  of  the  American  Soc  of  Civ 
Engrs.t  after  collating  a  large  number  of  experiments,  recommended  Bur- 
nettizing (Art  7)  for  damp  exposure,  as  that  of  cross  ties,  damp  floors, 
etc;  and  Kyanlzing  (Art  6)  for  comparatively  dry  situations  with 
exp<)sure  to  air  and  sun-light,  as  in  bridge  timbers,  for  w*hich  it  is  better 
suited  than  Burnettizing  because  it  seems  to  weaken  wood  less.  In  such 
exposures  it  preserves  wood  sometimes  for  20  to  30  years. 

Art.  6.  (a)  Kyanizing  consists  in  steeping  the  wood  in  a  solution  of 
1  lb  of  bi-chloride  of  mercury  (corrosive  sublimate)  in  100  lbs  of  water,  (b) 
It  is  usual  to  allow  the  wood  to  soak  a  day  for  each  inch  of  the  thickness  or 
least  dimension  of  the  piece,  and  one  day  in  addition,  whatever  the  size. 
(c)  Gen'l  Cram  found  the  process  very  unhealthy,  "salivating  all  the  men  " ; 
but  Mr.  J.  B.  Francis,  at  Lowell,  and  Mr.  H.  Bissell,  of  the  Eastern  R  R  of 
Mass,  had  little  or  no  trouble  in  this  respect.  The  sublimate,  however, 
which  is  very  poisonous,  is  apt  to  effloresce,  and  the  use  of  the  timber  is  thus 
rendered  dangerous,  (d)  The  process  is  valuable  for  timber  placed  in 
moderately  damp  situations,  but  the  salt  is  liable  to  be  washed  out  by  run- 
ning water,  Kyanized  spruce  fence  posts,  planted  4  ft  in  the  ground,  at 
Lowell,  Ma.ss,  in  1850,  were  examined  in  1891,  and  most  of  them  were  found 
very  sound  both  above  and  below  the  surface  of  the  ground. 

Art.  7.  (a)  Burnettizing  consists  in  immersing  the  wood  for  several 
hours  in  a  solution  of  2  lbs  chloride  of  zinc  in  100  tt>s  of  water,  under  a 
pres  of  from  100  to  300  lbs  per  sq  inch. 

Art.  8.  Other  preventives,  (a)  Steeping  in  a  solution  of  sulphate 
of  copper  (blue  vitriol)  has  been  extensively  used,  but  does  not  seem  to 
have  been  permanently  successful.  The  blue  vitriol  washes  out  readily 
(b)  In  the  Barschall  or  Hasselmann  process,t  introduced  in  Germany 
in  1887,  in  the  U  S  in  1899.  the  wood  is  boiled,  at  a  temperature  from  212° 
to  284°  Fahr.  and  under  a  pressure  of  from  15  to  45  lbs  i)er  sg  ineh,  in  a 
solution  of  iron,  copper  and  aluminum  sulphates  and  "Kainit,"^a  sulphate 
of  magnesia  and  potash,  mined  at  Stassfurt,  Germany.  The  solution  is  said 
to  carry  o£F  the  sap  (timber  bein^  more  readily  treated  by  this  process  when 
|n«en  than  when  seasoned),  while  the  copper  destroys  the  fungi,  and  the 
lion  forms  an  insoluble  compound  with  the  cellulose  or  woodv  fibre.  It  is 
claimed  that  the  process  ^eatly  hardens  the  wood,  especiaUjr  the  softer 
varieties,  rendering  them  suitable  for  ties,  without  impairing  their  strength, 
elasticity  or  i^liabuity.  (c)  The  Wellhouse  process  injects  first  a  solu- 
tion of  chloride  of  sine  with  glue,  and  then  one  of  tannin  (both  under 
pressure),  in  order  to  diminish  the  subsequent  washing  out  of  the  chloride. 
In  a  later  modification^  the  zinc,  glue  and  tannin  solutions  are  injected 
separately.    Several  millions  of  ties  have  been  treated  in  this  way.    The 

♦  See  "A  Proposed  Method  for  the  Preservation  of  Timber."  by  F.  A. 
Kummer,  Transactions,  Am  Soc  C  E,  Vol  XLIV,  December.  19(X). 

J  See  Transactions,  Am  Soe  C  E,  July,  Aujc  and  Sept,  1885. 
Raihx)ad  Gtasette,  February  9.  1900.  ^  . 
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prooesB  is  not  reoommended  for  sub-Aqoeoiis  use.  (d)  Prooenes  in  whioh 
the  wood  is  treated  by  pain  tins  or  soakinfl^  *  are:  CarboUneum  Avenarius 
(lar-oil,  chlorine,  etc),  Ligni  Salvor  (Tar-oil,  etc),  Woodiline  and  Spirit- 
tine  (chemical  solutions)  and  a  distillate  of  pine  used  by  the  Pennsylvania 
Railroad  Co.  for  car  work,  (e)  Fence-posts  etc  seem  to  be  preserved,  to 
some  extent,  by  having  only  their  lower  ends  dipped  in  tar  well  boiled  to 
remove  the  ammonia,  which  last  is  destructive  to  wood.  The  upper  end 
must  be  left  untarred  to  let  the  sap  evaporate,  (f )  Attempts  at  wood  pre- 
servation by  means  of  vapor  of  creosote  etc  have  proved  failures. 
(g)  While  wood  remains  thoroughly  saturated  with  petroleum  it  does 
not  decay.  '  But  unless  the  supply  is  kept  up  the  oil  evaporates  and  leaves 
the  wood  unprotected,  (h)  Cottonwood  ties  laid  upon  a  soil  contain- 
ing about  2  per  cent  carbonate  of  lime,  1  per  cent  salt  and  0.5  per  cent 
each  of  potash  and  oxide  of  iron,  on  the  Umon  Pacific  R.  R.  in  1868.  were 
found  in  1882  "as  sound  and  a  good  deal  harder  than  when  first  Jaid," 
although  such  ties  in  other  soils  lasted  but  from  2  to  6  years,  (i)  The  use 
of  solutions  of  lime  and  of  salt;  and  charriiiK  the  suifaoe;  are  sometimes 
found  useful  in  damp  situations. 

*  See  Report  by  O.  Chanute  to  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association,  March,  1901. 
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Art.  4.   ITltlinaAe  MV^rai^  tenstle  or  eolieslTe  strenytli  of 
Timber, 

Being  tbe  least  weights  in  pounds  which,  if  attached  to  the  lower  end  of  a  yert  rod 
one  inch  square,  firmly  upheld  at  its  upper  end,  would  break  it  by  tearing  it  apart^ 
For  large  timbers  we  recommend  to  reduce  these  constants  }^toy^  part. 


The  ■trencttai  In  all  theae  UblM  may 
rsadlly  be  otte>tMrd  part  mora  or  leas 


Lbs  per 

sq.  inch. 


Lbs  per 

sq.inch. 


Alder 

Ash,  English.. 

'*  American  (author)  aht.. 
Birch 

"    Amer'n  black 

Bay-tree 

Beech,  Bnglish. 

Bamlfeo 

Box 

Cedar,  Bermuda ~ 

**       Ouadaloupe  

Chestnut 

*'  horse.. 

Cyprus 

Elder 

Elm 

"    Canada. 

Pir,  or  Spruce 

Hawthorn... 

HaBel 

Holly    

Hornbeam .«. 

Hickory,  Amer'n 

Lignum  Vitse,  Amer'n 

Lfl^oewood 

Larch,  Scotch 

Locust »»..... 

Maple » 


14U00 
16000 
16000 
15000 
7000 
12000 
11500 

eooo 

20000 
7600 
9500 
13000 
10000 
6000 
10000 
6000 
13000 
10000 
10000 
18000 
16000 
20000 
11000 
11000 
23000 
7000 
18000 
10000 


Mahogany,  Honduras 

**  Spanish 

Mangrove,  white,  Bermuda... 

Mulberry 

Oak,  Amer'n  white... 

basket 

**         red 

**    Dantsic,  seasoned  .. 

"    Riga  

"    English..    — ....... 

**    live,  Amer'n «... 

Pear « «..'.. 

Pine,  Amer'n,  white,  red,l 

and  Pitch,  Memel,  Biga^  / 

Plane 

Plum 

Poplar ; 

Quince 

Spruce,  or  Fir.. 

Sycamore * 

Teak „ 

Walnut ~- 

Tew « 


Across  the  arraf  n.  Oak.. 

"         **       "Poplar 

«         *♦        "  Larch,900to 
"        "  Fir,  ft  Pines 


8000 
16000 
10000 
12000 


10000 


10000 

10000 

11000 
11000 
7000 
7000 
10000 
12000 
16000 
8000 
8000 

2800 

1800 

1700 

650 


Thiss  am  ATBRAaES.  The  strengths  vary  much  with  the  age  of  the  tree ;  tht 
locality  of  its  growth ;  whether  the  piece  is  from  the  center,  or  from  the  outer  por- 
tions of  the  tree;  the  degree  of  seasoning ;  straightneseof  jo^ain ;  knots,  Ac,  Ac.  Also 
inasmudi  a«  the  constants  are  deduced  from  experiments  with  good  specimens  of 
small  size,  whereas  large  beams  ttre  almost  invariably  more  or  less  defective  from 
knots,  crookedness  of  fibre,  Ac,  it  is  advisable  in  practice  to  reduce  these  constants 
as  recommended  above. 

*  EflTect  of  Tapping  Trees  for  Turpentine.  Preliminary  experi- 
ments by  the  Forestry  Division  of  the  U.  8.  Department  of  Agriculture  upon 
long-leaf  pine  from  Alabama  iiidicale  that  (contrary  to  the  generally  received 
impression)  '  turpentine  timber,"  i.  e.  the  timber  of  trees  that  have  been 
*'  boxed "  (robbed  of  their  turpentine),  while  it  has  sligtuJy  less  tensile  and 
shearing  strength,  is  from  20  to  30  per  cent,  stronger  in  compression  (whether 
with  or  across  the  grain)  and  under  transverse  strain.  In  the  '*  turpentine  tim-. 
her,"  however,  the  resin  collects  in  spots,  gumming  the  tools,  and  thus  rendering 
the  timber  harder  to  work  than  that  of  trees  which  have  not  been  deprived  of 
their  turpentine.  The  specimens  tested  were  taken  mostly  at  heights  of  from  7 
to  83  feet  above  ground.  (Circular  No.  8.  Issued  1892.)  Boxed  and  unboxed 
timber  are  frequently  called  "  bled  "  and  "  unbled  "  respectively. 
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Oovoly  ani  carefully  seasoned.  Approximate  averages  deduced  from  many  experi* 
ments  made  with  the  U  S  QoYt  testing  machine  at  Watertown,  Mass,  by  Mr.  8.  P« 
Sharpies,  for  the  censas  of  1880.  Seasoned  woods  resist  cmshing  much  better 
than  green  ones;  in  many  cases,  twice  as  well.  This  must  be  allowed  for  when 
building  bridges,  &c,  of  timber  recently  cut.  Different  specimenp  of  the  same  wood 
Tary  greatly;  frequently  as  6  to  8, 9,  or  more. 


End- 

I  wise.* 
The  strengths  !n  all  thete  j^^   --.. 
tables  may  readily  vary  as         f 
much  as  one-third  part  more    ^     ' 
or  lets  than  our  average. 


Slde- 

wlse.t 
lbs  per 
»^  in. 


Ashy  red  and  white... 

Aspen 

Btech 

^rch.» 

Buckle 

BuUtmut 

Butionwood  (sycamore),. 
Cedar,  red 

"     white  (arbor  vitee) 
Catdlpa  (IndiaQ  bean)... 

Cherrp,  wild 

ChJistntd 

Coffee  tree,  Kentucky. 

Cyprens,  bald , 

Mlm,  Ani'u  or  white., 

**    red 

S^mlock 

Hickory 

Xiignum  vitse 

Linden,  American.... 
Locust,  bliu-k  and  yellow 

"       honey 

Mahogany 


6800 
4400 
7000 
8000 
4400 
5400 
6000 
6000 
4400 
5000 
8000 
5300 
5200 
6000 
6800 
7700 
5300 
8000 
10000 
5000 
9800 
7000 
9000 


M 


ISOO 

800 

1100 

1300 

600 

700 

1300 

700 

500 

700 

1700 

900 

1300 

500 

1300 

1300 

600 

2000 


3000 
140U 
1900 
2600 
1400 
1600 
2600 
1000 
900 
1300 
2600 
1600 
2600 
1200 
2600 
2600 
1100 
4000 


The  itrengtbB  In  aTl  these 
.tablea  m&y  readily  rary  as 
Imach  as  one-tblrd  part  more 
or  leu  than  oar  average. 


1600  130001 
500!  900 
lOOOl  4400 
1600J  2600 
1700'  6300 ; 


MapU^      broad  -  leafed, 

Oregon 

•*      sugar  and  black.. 

**      white  and  red... „ 

C>aA!,white,  poet  (or  iron) 

swamp  white,  red 

and  black 

"    scrub  and  basket... 
"    chestnut  and  live... 

"    pin 

Pive^  white 

"      Red  or  Norway 
"      pitch    and  Jersey 

8<'rub   , 

"     Georgia  

Poplar 

^  Sassafras 

<^*MC«,  black 

'      "       white 

\  Sycamore  (but  ton  wood).. 

Walnut,  black 

I        "      white     (butter- 
I  nut) 

^WiUoVB 


End- 
wise.* 

Iba  per 
sq  in. 


5300 
8000 
6800 


7000 

6000 
7500 
6600 
5400 
6300 

6000 
85(¥) 
5000 
5000 
5700 
4500 
6000 
fcOOO 

5400 
4400 


81de- 

wiite.f 

lbs  per 

•4  In. 


1400  2600 
1900  4300 

1300  2900 


1600 

1700 
1600 

i;^oo 

600 

600 

1000 
1300 
600 
1300 
700 
600 
130O 
1300 

700 
700 


4OO0 
4200 
4500 
.3000 
1200 
1400 

2000 
2600 
1100 
2100 
1300 
1200 
2600 


1600 
1400 


triDUtea  pressure  oi  ouuu  ids  cohu  or  ouu  ids  per  sq  men,  Tuey  compressea  8 
V<^  to  V^  inch;  which  is  equal  to  from  j^  to  V^  Inch  per  foot  of  height; 
to  A  of  the  height;  the  mean  being  about  %  inch  to  a  foot,  or  X  of  1 
Under  10000  fiM  totel,  or  1000  Bm  per  eq  Inch,  they  split  badly ;  ana  In  t 


Hence  It  appears  <feat  seasoned  white  and  yellow  pines,  spmoe,  and  onfinary  oaln, 
which  are  the  woods  m«et  employed  in  the  United  States  for  bridges,  rooft, etc.,  crash 
endwise  with  Arom  6000  to  7000  !be  per  sq  inch,  in  i^ort  hioCKB^  aTerage,  0000. 

But  it  is  well  to  bear  in  mind  that  in  practice  perfectly  equable  pressure  is  rarely 
secured.  In  a  few  trials  on  sidewise  compression,  with  fairly  seasoned  white  pine 
blocks,  6  ins  high,  6  ins  long,  and  2  ins  wMe,  we  found  that  under  an  equally  dis- 
tributed pressure  of  6000  fi>8  total  or  600  lbs  per  sq  Inch,  they  compressed  about  ft-om 
'  "    '  "     *        •  •  •   •  •  -    ^--    *  ^ '    '  '•    ■  -    -    -,....  Of  from  ^ 

r  the  height, 
some  < 
large  pieces  flew  o& 

The  tensile  or  cohesiTe  strengths  of  pine  and  oak  average  itbont  10000  lbs  per  sq 
inch,  or  ^  as  much  as  average  cast-iron,  or  nearly  double  their  resistance  to  cmsh- 
ing. The  tensile  strength  does  not  change  with  the  length  df  the  i^iece;  so  that  In 
practice  we  m^  take  its  safe  strain  at  from  1000  to  2000  Bm  per  sq  inch,  depending 
upon  the  dbaraeter  of  the  structure,  Ac.  without  regard  to  the  length,  except  when 
this  is  so  great  that  two  or  more  pieces  nave  to  be  spliced  together  to  make  it ;  thus 
weakening  the  piece  Tery  much. 

*  Specimens  4  centimetres  (1.67  inch)  square,  32  centimetres  (12.8  Ins)  long. 
When  the  length  exceeds  10  times  the  least  side,  see  Wooden  Pillars. 

\  Specimens  4  centimetres  (1.67  inch)  square,  16  centimetres  (6.3  ins)  long ;  laid 
upon  platform  of  testing  machine.  Pressure  applied  at  their  mid-length,  by  means 
of  an  iron  punch  4  centimetres  square,  or  Just  coTering  the  entire  width  of  the 
specimen,  and  one-fourth  of  its  length.  The  first  column  (headed  **j01*')  glTes  the 
loads  producing  an  indentation  of  .01  inch.  The  second  column  (headed  ^'.1**)  giTM 
those  producing  an  indentation  of  .1  inch. 
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Valble  of  safe  walMvcnt  tmmiki  tor  horlsontal  ree- 
4»BircilHr  lieftms  of  white  plP^  or  spmee,  one  ineli  broa<L 
Biimort^tf  mt  both  ends,  anti  loaded  at  tbe  center ;  t4>§retlieiF 
trfiu  theli  deflections  under  said  loads. 

Tbe  iafi9  load  is  hei^  on&«ixtih  of  the  breaking  loaA. 

For  the  neat  loads,  deduct  ^  the  vrt  of  the  beam  Itself.  The  d^fkcttoru, 
however,  are  the  actMAl  ones;  the  wts  of  the  beams  having  been  introdnoed  in  cal* 
culatiog  them,  hj[  \\m  la^s  ■■  i*  '  "^ 


Ijoadg  aTC»ll«fd  raddenlir  wiQ  double  the  defleotions  Id  the  table ;  am 
when,  for  instance,  if  Aload  it  held  by  hand,  just  fucking  a  beam,  the  hold  should  be 
iudiUniif  loosed. 

Cavtion.  Inasmuoh  as  this  table  was  based  upon  well  Beasoned,  straight 
grakiei  pieceB,  free  from  knots,  and  other  defects,  we  must  not  in  practice  take 
move  ttian  about  two-thirds  of  the  loads  in  the  table  for  a  safety  of  6  in  ordinary 
bufldi4g  timber  of  fidr  quality;  and  with  these  reduced  loads  should  not  reduce 
thadeieetioos. 

M»aerTe  alao  that  oar  table  is  f<ir  safb  center-  loads,  but  it  is  plain  that 
in  practice  we  cannot  idways  apply  the  term  in  its  utmost  strictness ;  otherwise 
the  load  would  have  po  be  sustained  by  a  mere  knife-edge,  at  the  very  center  of 
the  beam.  Now,  in  the  instance  Bern.  p.  960»  if  we  attempted  to  sustain  the  center 
load  <^6076fi>s  upon  such  a  knife-edge,  it  would  at  once  cut  the  beam  in  two.  If 
ire  eifen  applied  it  along  8  or  4  ins  of  the  length,  it  wo»ld  cut  into  it,  and  we  should 
not  have  a  safety  of  6  against  crushing  the  top  of  the  beam  until  as  in  the  case  of 
the  ends  w  distributed  tlM  losd  akmg  full  46  kis  of  length,  or  about  S2  ins  A>r  a 
safety  of  4. 

Clio  safe  I<NMl  h  here  ^  of  the  breakg  one;  And  the  last  at  450  lbs  at  the 
center,  of  a  beam  1  inch  square,  and  1  foot  clear  length  between  its  supports,  for 
asere  tenporary  purposes,  i/^  part  may  be  added  to  the  loads  in  the  table,  thus  niak- 
ing  tiiem  eqoal  to  the  ^  of  the  breakg  load.  But  ia  Important  structures,  euLd^ct 
to  vibration,  ^  part  Shontd  be  dadmcted  from  the  tabujar  loads,  thus  reducing 
them  «o  ^  of  the  breaking  lead.  This  is  etpeciaUy  necessary  if  the  timber  is  not 
well  seasoued. 

"WUk  the  safe  loads  In  thin  table  a  heam  may  bend  too 
inncn  for  many  practical  purposes.  When  this  is  the  case,  we  may,  by  reducing 
the  loads,  reduce  the  deflections  in  nearly  the  same  proportion. 

All  the  loads  in  the  Table  are  superabundantly  safe  aipalnst  shear  Ins. 
Aaalnst  crusbinK  at  the  ends,  &e,  see  **  €^'antioiis  "  below  the  Table. 
•  Original 
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HTbite  oak,  and  best  Sontiiem  pitch  pine  wiU  bear  lomim  ^ 
greater. 
For  ea»4  Iron,  molt  the  loads  in  the  table  by  4.6 ;  and  for  wronirli4  by 

5.8.    For  these  new  loads,  mult  the  defs  by  .4  for  cast;  and  by  .3  for  wrought. 

If  t1he  load  is  equally  distributed  over  the  span,  it  may  be  twice  as 
great  as  the  center  one,  and  the  defs  will  be  l\i  times  those  in  the  table.  If  the 
loads  In  the  table  be  equally  distributed  along  the  whole  beam,  the  defs  will 
be  but  five-eighths  as  great  as  those  in  the  table.  When  more 

accuracy  is  reqd,  half  the  wt  of  the  beam  itself  must  be  deducted  from  the  center 
load;  and  the  whole  of  it  from  an  equally  distributed  load.  The  wt  of  the  beam,  in 
the  last  column,  supposes  the  wood  to  be  but  moderately  seasoned,  and  therefore  to 
weigh  28.8  lbs  per  cub  ft. 

iTses  of  the  loreKOins  table.  Ex.  1.  What  most  be  the  breadth 
^  a  hor  rect  beam  of  wh  pine,  l8  ins  deep,  supported  at  both  ends,  and  of  20  ft  clear 
length  between  its  supports,  to  bear  safely  a  load  of  5  tons,  or  11200  fi>8  at  its  center? 
Here,  opposite  the  depth  of  18  ins  in  the  table,  and  in  the  column  of  20  feet  lengths, 
we  find  that  a  beam  1  inch  thick  will  bear  1215  fbs ;  consequently,  ^1^  =  9.22  ins, 

*  1315 

the  reqd  breadth ;  for  the  strength  is  in  the  same  proportion  as  the  breadth. 

Ex.  2.  What  will  be  the  safe  load  at  the  center  of  a  Joist  of  white  pine,  18  ft  long, 
8  ins  broad,  and  12  ins  deep?  Here,  in  the  col  for  18  fLand  opposite  12  ins  in  depth, 
we  find  the  safe  load  for  a  breadth  of  1  inch  to  be  600  me ;  consequently,  600  X  3  » 
1800  ft)8,  the  load  reqd. 

Rem.  Cautions  In  the  use  of  the  above  table.  For  instance,  in 
placing  very  heavy  loads  u|>un  short,  but  deep  and  strong  beams,  we  must  take  care 
that  the  beams  rest  for  a  sufficient  dist  on  their  supports  to  prevent  all  danger  from 
crushing  at  the  ends.  Thus,  if  we  place  a  losUl  of  6075  &>8  at  the  center  of  a  beam 
of  4  feet  span,  18  ins  deep,  and  only  1  inch  thick,  each  end  of  the  beam  sustains  a 

vert  crushing  force  of  —^  »  S037  fi>s,  and  that  sidewlse  of  the'  yraln,  in 

which  position  average  white  pine,  spruce,  and  hemlock  crash  under  about  800 
&>s  per  sq  ihch,  and  do  not  have  a  safety  of  6  until  the  pressure  is  reduced  to  about 
183  Iba  per  sq  inch.  Therefore  our  beam,  in  order  to  have  a  safety  of  6  against 
crushing  at  its  ends,  must  rest  on  each  support  3037  -^  133^=  23  sq  ins ;  or  for  a 
safety  of  4  nearly  16  sq  ins.  When  a  pressure  is  equally  distributed  side- 
wise  (that  is,  at  right  ansies  to  the  general  direction  of  the  fibres)  over  the  entire 
pressed  surface  of  a  block  or  beam  (to  ensure  which,  the  opposite  surfaee  must  be 
supported  throughout  its  entire  length)  the  resulting  compression  might  readily 
escape  detection  unless  actually  measured.  But  when  a  considerable  pressure  is 
applied  to  only  a  portion  of  the  surface,  as  of  caps, and  sills  where  in  contact  with 
the  heads  and  feet  of  posts,  or  at  the  ends  of  loaded  joists  or  girders,  the  com- 
pression becomes  evident  to  the  eye,  because  the  pressed  parts  sink  below  the 
unpressed  ones,  In  consequence  of  tlie  bending  or  brealcing  of  the  adjacent  fibres. 
What  in  the  first  case  (especially  if  slight)  would  be  called  compression,  would 

igitized  by  V 


STBfiSTCKEta  OF   MATERIALS.  981 

in  ttre  second  be  catted  ^TWuMmg  ;  eren  when  neither  might  be  so  great  as 
tobenaaafe. 

Owing  to  the  resistance  which  said  adjacent  fibres  oppose  to  being  bent  or 
broken,  it  is  plain  that  a  giren  pressure  per  sq  tneli,  or  per  sq  foot,  <&c« 
will  cause  somewhat  leas  compression  or  crushing  when  applied  to  only  a  part  of 
a  surfhce,  than  when  to  the  whole  of  it. 

Tlie  writer  has  «een  40  half  seasoned  hemlock  posts,  each  12  ins  square, 
footing  at  intervals  oft  ft  ftom  center  to  center,  npon  siioilar  12  X  12  inch  hem- 

Sook  sills,  to  which  they  were  tenoned,  and  which  rested  throughout  their  entire 
ength  on  stone  steps.  Each  post  was  gradually  loaded  with  32  tons,  or  equal  to 
|Hiy  500  lbs  per  sq  inch ;  and  their  feet  all  crushed  Into  the  sills  fW)m  ^  to  ^ inch. 
Their  heads  crushed  Into  the  caps  to  the  same  extent.  In  practice  the  nres- 
sure  at  the  heads  and  feet  of  posts  is  rarely,  if  ever,  perfectly  equable :  ana  the 
same  remailc  applies  to  the  ends  of  loaded  joists,  girders,  Ac,  in  which  a  slight 
befidingwiU  throw  an  exoeas  of  praMU?e'upon  the  inner  edges  of  their  supperu 
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WOODEN  Pn.LABS. 


The  fltrengthf  of  pillars,  as  well  as  of  beams  of  timber,  depend  much  on  tbeir  de- 
cree ol  memmmmm^*  Hodgkinson  foaod  that  perfectiy  seaMined  blocks,  2  diams 
long,  required,  iu  many  cases,  twice  as  great  a  load  to  crash  them  as  when  only 
aoderHtely  dry.    This  should  be  borne  in  mind  when  building  with  green  timber. 

In  important  practice,  timber  should  not  be  trusted  with  more  than  V^  to  V^of  i^ 
calculated  crushing  load ;  and  for  temporary  purposes,  not  more  than  }^  to  ^. 

Mr.  €li»rlea  SiMiler  Smltb,  €•  E.,  of  fi^  IjOiiIb,  prepared  the 
Ibllowlnif  formnla  for  the  breaking  loads  of  either  square  or  rectangular 
pillars  or  posts,  of  moderately  seasoned  white,  and  common  yellow  pine,  with  flat 
ends,  firmly  fixed,  and  equally  loaded,  based  upon  experiments  by  himself. 

It  is  Gonlon's  formula  adapted  to  those  woods;  and  ffires  results  considerably 
•mailer  than  Hodgkinson's,  It  is  therefore  safer. 

Call  either  tide  of  the  square,  or  the  least  side  of  the  rectangle,  the  breadth.  Then, 


Bale. 


Breakg  load  in  lbs,  per  )       ^OQ^t 

sq  inch  of  area,  of  a     V— _    .    /sq  of  length  in  ins  ^^   ^^\ 
pilar  of  W  or^  pine   J       1  +  (,q  of  breadth  in  ins  ^  '^j 


Or  in  words,  square  the  length  in  ins ;  square  the  breadth  in  ins ;  dir  the  first  square 
by  the  second  one;  mult  the  quot  by  .004 ;  to  the  prod  add  1 ;  dlr  5000  by  the  sum. 
Ex.  Breakg  load  per  sq  inch,  of  a  white  pine  pillar  12  ins  square,  and  30  ft,  or  360 
kis  long.    Here  the  sq  of  length  in  ins  is  SOOS  =>  129tK)0.   The  square  of  the  breadth  is 

««•      -^M        ^129600  6000 

1»  « 144;  and  -j^  -  900 ;  and  900  X  .004  —  8.6;  and  3.6  + 1  -  4.6.  Finally,  — 

=>  1087  ttw,  the  read  breakg  load  per  sq  in.  As  the  area  of  the  pillar  is  144  sq  ins, 
the  entire  breakg  load  is  1087  X  144  =*  156528  lbs,  or  69.9  tons. 

Recent  experiments  on  wooden  pillars  20  ft  long,  and  13  ins  square,  by  Hr. 
Kirkaldy,  of  England,  confirm  the  far  greater  reliability  of  Mr.  Smith's  formula. 
Hence  we  present  the  following  new  set  of  original  tables  based  upon  it. 

For  solid  plllars  of  cast  Iron  and  of  pine,  whose  heights  rangs 
from  5  to  60  times  their  side  or  diam,  we  may  say,  near  enough  for  practice,  that  a 
•ast  iron  one  is  about  16)^  times  as  strong  as  a  pine  one ;  but  no  such  i^proximata 
ratio  holds  good  between  wrought  iron  and  pine,  or  between  cast  and  wrought  iron. 

t  The  braaUaf  load  la  )te  pet  H  tiMb  in  alMT*  Meek*.  brXn  Smith. 
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Table  of  breakli^r  l«pinds  In  tons  of  squAro  pillars  of  balf 
seasoned  wblte  or  eommon  yellow  pine  firmly  fixed  and 
equally  loaded.    By  C.  Sbaler  Smith's  fortnala.    (Original.) 
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99.9 

4 

6 

22.6 
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45.4 

51.0 
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19.0 
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35.0 
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Table  of  break  tnir  to<^<lB  tn  tens  of  square  pine  pillars,  wftli 
9at  enfts  firmly  flxe^,  and  equally  loaded.    (Cuntiuu<wt) 

Original. 
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Side  of  square  pine  pillar,  in  luetaes. 
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Continued  on  next  fsge. 
Remarks.   Sir  Klrkaldy  fonnd  for  Rlya  and  Dantzlc  fli**! 

20  ft  long,  and  18  ins  square,  (or  18^  aides  high,)  148  and  138  tons  tutal ;  or  .876 
and  .817  tons,  (1963  and  1829  lbs,)  per  8q  inch.  Mr  Smith's  rule  gives  (or  common 
pioe,  160  tons  total ;  or  .947  ton,  or  2121  ftis,  per  sq  inch.  Hodgkinson  would  giro 
for  Rig»  about  297  tons  total. 

Each  of  Mr  Eirkaldy's  20-ft  pillars  shortened  about  J&  of  an  inch  total  j  or  .06 
inch  per  ft;  or  VI of  an  inch  in  4  ft  2  ins,  under  a  mean  of  1900  R>s  per  sq  inch. 

The  writer  has  Known  8  unbraced  pillars  of  hemlock,  tolerably  seasoned, 
12  ins  square,  and  42  ft  high,  to  be  gradually  loaded  each  with  32  tons,  or  71680 
Sm  total ;  (or  .2222  ton,  or  498  fbs  per  sq  inch)  without  appreciable  yielding.  As- 
■uming  their  strength  and  stiffness  to  be  about  as  for  Mr  Smith's  pine,  (as  in  all 
our  table8,)_they  should  by  him  yield  at  39.9  tons  total.  With  these  same  data, 
but  with  Hodgkinson's  formula,  they  should  yield  at  69.3  tons;  and  witfa 
Hodsrkinson's  own  data,  for  seasoned  red  deal,  at  91 .6  tons. 


fiPTRENGTH  OP  WOODEN   PILLARS. 


T»ble  of  breaktav  loads  In  tons  of  sqaaro  pillars  of  balf- 
seasoned  wblte  or  common  yellow  pine,  wltb  flat  ends 
flrmly  flxed,  and  equally  loaded.  By  G.  Shaler  Smith's  formnl«. 
(Continued.) 

As  this  table  was  partly  made  by  interpolation,  the  last  figure  is  not  always  pre- 
cisely correct. 
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302 

359 

420 

490 

660 

638 

721 

28 

80 

93 

121 

162 

189 

231 

278 

332 

389 

458 

622 

697 

677 

80 

32 

84 

109 

138 

178 

212 

266 

307 

361 

421 

487 

658 

635 

32 

84 

76 

99 

126 

169 

196 

237 

284 

386 

892 

455 

623 

697 

34 

36 

69 

91 

116 

146 

180 

219 

264 

812 

866 

426 

490 

660 

86 

88 

63 

84 

107 

134 

106 

203 

246 

290 

841 

897 

458 

626 

88 

40 

68 

77 

99 

124 

164 

188 

227 

270 

818 

872 

429 

494 

40 

42 

64 

71 

91 

115 

143 

175 

213 

263 

298 

349 

403 

466 

42 

44 

60 

66 

84 

107 

133 

163 

198 

286 

280 

828 

880 

488 

44 

46 

46 

61 

78 

99 

128 

162 

186 

221 

268 

808 

868 

418 

46 

48 

43 

57 

73 

92 

116 

142 

173 

207 

247 

290 

337 

389 

48 

50 

40 

63 

68 

86 

107 

133 

162 

194 

231 

272 

317 

367 

60 

62 

87 

50 

64 

81 

101 

124 

152 

182 

217 

256 

800 

347 

62 

64 

36 

47 

60 

76 

96 

117 

144 

172 

206 

242 

283 

328 

64 

66 

33 

44 

66 

71 

89 

110 

136 

162 

198 

228 

267 

810 

66 

68 

31 

41 

62 

67 

84 

103 

127 

168 

182 

215 

253 

294 

68 

60 

29 

38 

49 

63 

79 

98 

120 

144 

172 

204 

240 

280 

60 

66 

26 

38 

48 

56 

69 

86 

105 

126 

161 

179 

211 

246 

66 

70 

22 

29 

87 

48 

60 

74 

92 

HI 

134 

159 

187 

218 

70 

76 

19 

25 

33 

42 

63 

66 

82 

98 

118 

141 

166 

195 

76 

80 

16 

22 

29 

87 

46 

68 

72 

87 

106 

126 

148 

174 

80 

86 

14 

19 

26 

83 

41 

62 

66 

78 

04 

112 

132 

166 

86 

90 

13 

17 

23 

80 

87 

46 

58 

70 

86 

102 

120 

141 

90 

96 

12 

16 

21 

27 

33 

42 

53 

64 

77 

03 

106 

127 

96 

100 

11 

14 

19 

24 

30 

38 

48 

58 

70 

84 

99 

117 

100 

110 

10 

12 

16 

20 

26 

33' 

40 

48 

68 

70 

82 

97 

110 

120 

9 

11 

14 

17 

22 

28 

34 

41 

49 

60 

71 

83 

120 

130 

7 

9 

12 

14 

18 

23 

29 

36 

43 

52 

61 

72 

130 

140 

6 

8 

10 

12 

16 

20 

25 

31 

87 

44 

53 

62 

140 

160 

6 

7 

0 

U 

14 

18 

22 

27 

32 

36 

46 

64 

160 

160 

6 

6 

8 

10 

13 

16 

20 

24 

29 

34 

41 

48 

160 

170 

4 

5 

7 

9 

11 

14 

17 

21 

25 

80 

86 

43 

170 

180 

4 

6 

6 

8 

10 

12 

15 

19 

22 

27 

82 

38 

180 

190 

3 

4 

6 

7 

9 

11 

14 

17 

20 

24 

29 

84 

190 

aoo 

8 

4 

6 

6 

8 

10 

12 

15 

18 

22 

26 

81 
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BrMOLlniT  loads  •!  liaflf  i 


Bed  square  pine  pillars. 


tl 

U  LOAD  TWM  ■«  Dl. 

"5  ** 

Bm  LOAD  PKS  S4  HI. 

II 

am  xj>  pxm  •«  ». 

am  LD  pcm  s^  xx. 

&a 

a^ 

w« 

=  « 

Tons. 

Um. 

Tons. 

Lb*. 

ToB«. 

LU. 

Tons. 

Lb*. 

1 

2.2282 

4980 

26 

.6097 

1860 

61 

.1960 

489 

76 

.0924 

20r 

2 

2.1M0 

4921 

27 

.6697 

1876 

62 

.1888 

423 

77 

.0902 

202 

3 

2.1544 

4826 

28 

.6808 

1200 

68 

1826 

409 

78 

.0879 

197 

4 

2.0978 

4690 

29 

.6116 

1146 

64 

.1768 

81^6 

19 

.0662 

198 

h 

2.0290 

4646 

80 

.4858 

1087 

55 

.1706 

882 

80 

.0880 

188 

6 

1.9618 

4871 

31 

.4607 

1082 

66 

.1647 

869 

81 

.0621 

184 

7 

1.8066 

4181 

32 

v4879 

981 

67 

.1608 

868 

82 

.0799 

179 

8 

1.7772 

8981 

38 

.4166 

033 

68 

.1546 

846 

83 

.0781 

176 

0 

1.0857 

3n« 

84 

Jt960 

889 

69 

J496 

885 

84 

.0768 

171 

10 

1J5042 

3871 

86 

JI781 

847 

60 

.1461 

826 

86 

.0746 

167 

11 

1.6040 

a860 

36 

.3699 

809 

61 

.1406 

815 

86 

.0728 

163 

12 

1.4165 

3173 

87 

.3447 

772 

02 

.1862 

806 

87 

.0714 

160 

13 

1.3317 

2983 

38 

.8296 

788 

68 

.1821 

296 

88 

.0606 

156 

14 

1.2618 

2808 

89 

.8162 

706 

64 

.1286 

288 

89 

.0688 

163 

16 

1.1746 

2631 

40 

.8018 

676 

66 

.1260 

280 

90 

.0670 

150 

1« 

1.1027 

2470 

41 

.2889 

647 

66 

.1210 

271 

91 

.  .0666 

147 

17 

1.0363 

2819 

42 

.2772 

621 

67 

.1179 

264 

92 

.0688 

143 

18 

.9728 

2178 

43 

.2661 

606 

68 

.1147 

257 

93 

.0626 

140 

19 

.9184 

2046 

44 

.2564 

672 

69 

.1112 

240 

94 

.0616 

138 

20 

.8686 

1928 

46 

.2466 

660 

70 

.1086 

243 

96 

.0603 

136 

21 

.8076 

1809 

46 

.2357 

628 

71 

.1064 

236 

96 

.0689 

132 

22 

.7603 

1703 

47 

.2268 

608 

72 

.1027 

280 

97 

.0576 

129 

23 

.7166 

1606 

48 

.2188 

480 

78 

.1000 

224 

98 

.0567 

127 

24 

.6766 

1613 

49 

.2100 

472 

74 

.0973 

218 

99 

.0554 

124 

25 

.6380 

1429 

60 

.2031 

466 

76 

.0061 

218 

100 

.0645 

122 
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PLASTEBINO. 


Thx  plastering  of  the  inside  walls  of  buildings,  whether  done  on  laths,  briclu,  of 
stone,  generally  consists  of  three  separate  coats  of  mortar.  The  flrtt  of  these  is  called 
by  workmen  the  rough  or  tcratchcoat;  and  consists  of  abont  1  measure  of  quicklime, 
to  4  of  sand ;  (which  latter  need  not  be  of  tiie  purest  kind;)  and  ^  measure  of  bul- 
lock or  horse  hair ;  the  last  of  which  is  fen*  making  the  mortar  more  cohesive,  and 
less  liable  to  split  off  in  spote.  This  coat  is  about  %^^  inch  thick ;  is  put  on 
roughly ;  and  should  be  pressed  by  the  trowel  with  sufficient  force  to  enter  perfectly 
between  and  behind  the  laths;  which  for  facilitating  this  should  not  be  nailed 
nearer  together  than  ^  an  inch.  In  rude  buildings,  or  in  cellars,  &c,  this  is  often 
the  (inly  coat  used.  When  this  first  coat  has  beenleft  for  one  or  more  days,  accord- 
ing to  the  dryness  of  the  air,  to  dry  slightly,  it  is  roughly  toored,  or  ictatched^  (hence 
its  name,)  with  a  pointed  stick,  or  a  lath,  nearly  through  its  thickness,  by  lines  run- 
ning diagonally  across  each  other,  and  about  2  to  4  ins  apart.  This  gires  a  better 
hold  to  tLe  second  coat,  which  might  otherwise  peel  off.  If  the  first  coat  has  be- 
come too  dry,  it  is  well  also  to  ^uipen  it  slightly  as  the  second  one  is  put  on. 

'ilie  second  coat  is  put  on  about  \ito%  inch  thick,  of  the  same  hair  mortar,  oi 
courxe  stuff.  Before  it  becomes  hard,  it  is  roughed  over  by  a  hickory  broom,  oi 
some  substitute,  to  make  the  third  cuat  adhere  to  it  better. 

The  third  coat,  about  i^  inch  thick,  coutaius  no  hairj  and  forgiving  it  a  etill 
whiter  aud  neater  appearance,  mure  lime  is  used,  say  1  of  lime,  to  2  of  sand;  aud 
the  purest  sand  is  used.  This  mortar  is  by  plasterers  called  iitu«<H>;  a  name 
also  applied  to  mortar  when  used  lor  plastering;  the  outs  ides  of  buildings.  Or  in- 
stead of  stucco,  the  third  coat  may  be,  and  usually  is,  of  hard  finish^  or  gauge  stuff; 
which  consists  of  1  measure  of  ground  plaster  of  Paris,  to  about  2  of  quicklime, 
>^ichout  Baud.  Hard  fiuisii  works  easiei ;  but  is  not  us  good  as  stucco,  tor  walls  in- 
tended to  be  painted  in  oil.     The  planter  of  Paris  is  tor  hastening  Uie  bardeuing. 

Kuher  of  these  third  coats  is  suiootbed  or  polished  to  a  greater  or  leas  extent,  aaoordiog  to  whether 
It  is  to  show,  or  to  be  papered,  paiuied,  &o.  The  polishing  tools  are  merely,  the  trowei ;  th«  band- 
ioat.  (a  ItlDd  of  wooden  trowel ;)  and  the  water-brush,  (a  short- hand  led  bruih  for  wetting  the  aurfaoe 
part  at  a  time  with  water,  Id  order  to  polish  more  freely.)  For  finer  polishing,  a  float  made  of  cork 
la  used.  The  siuouth  piece  of  board  about  10  to  12  ins  square,  with  a  handle  beneath,  on  which  the 
plaaterer  holds  his  mortar  antil  be  puts  it  on  to  the  wall  with  his  trowel,  is  called  a  hawk. 

Tlje  more  thoroughly  each  coat  is  gone  over  with  the  water-brush  and  trowel,  (which  process  Is 
called  hand- floating,)  the  firmer  and  stronger  will  it  be.  Frequently  only  two  coats  of  plastering  are 
put  on  in  inferior  rooms  ;  or  where  great  neatness  of  appearance  is  not  needed.  The  first  is  of  h^r 
mortar,  or  coarse  stuff;  this  is  scratched  with  the  broom,  and  then  covered  by  the  finishing  coat  of 
finer  mortar,  (stucco.)  If  this  last  is  nearly  all  lime,  or  with  but  very  Uttle  sand,  to  make  it  work 
easier,  it  is  called  a  clipped  coat.  Without  any  sand  It  is  called  fine  stuff.  Neither  is  as  good  as 
stucco,  if  the  wall  is  to  be  papered.  When  this  Is  the  case,  the  third  coat  also  may  have  a  little  hair, 
to  give  it  more  strength  ;  but  this  is  not  absolutely  Qecessary. 

A  very  good  efi'ect  may  be  produced  in  station-houses,  churches,  &c.  hy  only  two  coats  of  plaster  In 
which  fine  clean  Bcre«;ned  gravel  U  used  instead  of  sand.  When  lined  into  regular  courses,  it  resem- 
bles a  buff-colored  sandstone,  very  agreeable  to  the  eye. 

In  purchasing  p1a.steritig  hair,  care  must  be  taken  that  it  has  not  been  taken  n-om  salted  hides, 
inasmuch  as  the  salt  will  make  the  walls  damp.  For  the  same  cause  sea-shore  sand  should  not  b« 
used.     It  is  almo$it  impossible  to  wash  it  entirely  free  from  salt. 

In  brick  walls  Intended  to  be  plastered,  tbe  mortar  joints  should  be  left  very  rough,  to  let  the  plas- 
ter adhere.  If  it  is  put  on  smooth  walls,  without  first  raking  out  tbe  mortar  to  the  depth  of  nearly 
an  Inch,  it  is  very  apt  to  fall  off;  especially  from  outside  walls;  as  can  be  seen  daily  in  any  of  our 
cities.  As  this  raking  out  of  brick  joints  "is  tedious  and  exjiensive.  It  would  generally  be  better  to 
use  paint  rather  than  plaster.  The  walls  should  also  be  washed  clean  from  all  dust;  and  shoold  b* 
slightly  dampened  as  the  plaster  U  put  on. 

To  imitate  granite  on  outer  walls  :  after  the  second  or  smooth  coat  of  plaster  Is  dry.  It  receives  a 
Boat  of  lime  wash,  slightly  tinted  bv  a  Utile  umber,  or  ochre,  Ac.  AfUT  this  is  dry,  in  case  it  appears 
too  dark,  or  too  light,  another  may  he  applied  with  more  or  less  of  the  coloring  matter  in  lU  Finally, 
a  wash  of  lime  and  mineral -black  Is  8j>rinklfd  on  from  a  flat  brush,  to  imitate  the  black  specks  of 
granite.  By  this  simple  means,  a  skilful  workman  can  produce  excellent  imitations.  The  horizontal 
and  vertical  joints  of  the  imitation  masonry,  may  be  ruled  In  by  a  small  brush,  using  tbe  same  black 
wash,  and  a  long  i«tralght-edge. 

The  rough  surfaces  of  all  walls  are  more  or  less  warped,  or  out  of  line ;  and  It  la  not  possible  for 
the  plasterer  to  rectify  this  perfectly  by  eve,  as  may  be  seen  In  almost  every  house.  Even  in  what 
are  called  first-class  ones,  a  quick  eye  can  generally  detect  nnslghtly  undulations  of  the  plastered 
sorfaMs. 

To  prevent  this,  the  process  of  screedlnn:  is  resorted  to.    Screeds  are  a  kind  of 

gauge  ur  guide,  formed  by  applying  to  tbe  first  rough  coat,  when  partlv  dried,  horiiontal  strips  of  tbe 
plastering  mortar,  about  8  ins  wide,  and  from  2  to  i  ft  apart  all  aronod  the  room-  These  are  made  te 
project  from  the  first  ooat,  out  to  the  intended  faoe  of  the  second  one ;  and  while  soft  are  oaretally 
madeperfeotly  straight,  and  out  of  wind  with  each  other,  by  means  of  tbe  plnmb-Une,  straight-edge^ 
Ac.  When  they  become  dry,  the  second  ooat  is  put  on,  filling  up  the  broad  horizontal  spaces  between 
them  ;  and  is  readily  brought  to  a  perfectly  flat  surface,  eorreapouding  with  that  of  the  screeds,  bj 
means  of  long  straight-edges  extending  over  two  or  more  of  tbe  latter. 

A  dny's  work  at  plaatertnfr. 

A  plasterer,  aided  hr  one  or  two  laborers  to  mix  his  morUr.  and  to  keep  his  hawk  snppUed,  e«a 
average  tnm  100  to  »0  sqiaare  ysjrds  a da/t.or  first  coat;  about  H  M  much  of  aeooad;  aod  half  at 
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SLATZBO. 
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m^Wk  «tlliiH»re^  «««lMMVto  •!  o^at  of  plasteviiifr    100  square  yardf 
with  2  or  with  ft  oo«tt.    Ooamon  labor  $1  per  day. 


IfaterUU 

Three  CoaU. 
Hard  flaished  work. 

Two  Coate. 

%«tekltee 

4oaeka» 

Ahofhide. 
Tloadi. 

4d«7e. 

ad^a 

.70 
4.00 

.80 
2.00 

.25 

.80 
7.00 
8.00 
9.00 

SMeaeka 

MOO. 

Ibaehela 
OkMMla. 

Itlbe. 

OMdaye. 

Sdaya. 

$3.33 

Pluter  of  Paria 

lathe 

■rir ^.. — 

CommoD  Sand 

White  SMd , 

4.00 
.80 

1,80 

Man* , 

.10 

Mmoii'i  labor. , ........ 

8.18 

lA^ror         x>  .., 

8.00 

Cartace 

1.88 

• 

S25.50 

$19.90 

This  <uBoaBt«teaft)<  eta  per  eq.7d  tor  :»eoaU;  aodeaj  20  ete  for  2  oeate. 

PlMSteringr  lailis  are  usually  of  apUt  white  or  yellow  pine,  In  len^thB  of 


^' 


It  8  to  4  feet ;  and  heooe  eaUal  8  or  4  ft  laiha.  They  are  abeot  IH  las  wide»  by  %  inch  tbioL 
/  are  naiied  ap  horiioaially,  abeot  K  laoh  apart.  The  upright  etude  of  partitlona  are  spaoed  41 
•Bob  dlstaneea  apart,  (ceDerally  about  lo  Ina  tfom  oeater  to  oeater,)  that  the  end*  of  the  lathe  may 
he  Bailed  to  them.  Laths  are  sold  by  the  bundle  of  1000  each.  A  square  foot  of  surCaoe  requires  1  Ml 
four  feet  laths ;  or  1000  snob  laths  will  ooyer  668  sq  ft.  8«.«ed  Utfa«  may  be  had  to  order,  of  any  re* 
quired  length.  A  carpenter  caa  nail  up  the  laths  for  from  40  to  60  sq  yds  of  plastering  in  a  day  of 
ID  hours ;  depending  oa  the  number  of  anglee  in  the  rooms,  ice. 


SLATING. 


Boomfo  elatea  are  usually  from  \^to%  inoh  thick;  about  A-  being  a  oommoB 
aTeraee.  They  may  be  nailed  either  to  a  sheeting  of  rough  boards  (c,  9,  in  the  &|) 
from  %  to  l^inch  thick,  (which  should  be,  but  rarely  are,  tongued  and  grooTad,) 
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laid  horizontally  from  rafter  to  rafter ;  or  sloping,  from  paiiin  to  purlin  as  the 
case  may  be;  or  to  stout  laths  / 1 1  about  2  to  3  ins  wide,  and  from  1  to  1% 
thick,  nailed  to  the  rafters  at  distaaoes  apart  to  suit  the  gauges  of  the  slates. 
Two  nails  are  used  to  each  slate ;  one  near  each  upper  comer.  They  may  be  either 
of  copper,  (which  is  the  most  durable,  but  most  expensive.)  of  xiuc,  or  of  either 
galvanized  or  tinned  iron.  The  last  two  are  generally  used ;  or  in  inferior  work, 
merely  plain  iron  ones,  previously  boiled  in  linseed  oil,  as  a  partial  preserva^ 
tive  n*om  rust.  Rust,  however,  sometimes  weakens  them  so  much  that  they 
break ;  and  the  slates  are  blown  off  in  high  winds,  to  the  danger  of  passers  by. 
Since  good  slate  endures  for  a  long  series  of  years,  it  is  true  economy  to  use 
nails  that  are  equally  durable.  In  iron  roofo,  the  slates,  instead  of  being  nailed 
to  boards,  are  sometimes  tied  directly  to  the  iron  purlins,  by  wire.  A  square  of 
slating,  shingling,  Ac,  is  100  sq  ft. 
In  laboratories,  chemical  factories,  Ac,  subject  to  actd  ftiines,  it  Is  difficult  to 

provide  a  mf^tal  fastening  that  will  not  be  eaten  away.  In  anoh  oaies  Itls  best  to  depend  ohieflj  upon 
a  layer  of  mortar  bt-tween  the  slates.  This  will  harden  before  the  metal  fastenlugB  give  way  ;  >iid 
will  hold  the  elates  1q  jilnce,  while  new  faRtcnlDgs  are  being  iitsurted. 

The  leiaMl.  pitch  considered  advisable  for  a  roof,  to  prtivuDt  rain  or  snow  from  being  driven 
through  the  iuteratices  between  the  slates,  is  about  26>50  ;  or  1  vt^rt  to  2  hor ;  which  corre-iponda  to 
a  rise  of  yi  the  span  in  a  common  double  pitched  roof.  But  even  ui  steeper  pitches,  ralu,  and  more 
particularly  sqow,  will  be  forced  through  the  roof  bv  vlolept  ivii*ds;  especlallTlf  laths  alooebeoMd. 
or  even  boarding  alone.  To  avoid  this,  a  layer  of  mortur  about  ^  iuch  thick,  may  be  sprend  ovor 
the  touching  surfaces  of  the  slates  if  on  laths.  If  ou  boardu,  the  same  process  may  be  adopted;  or 
the  more  common  one  of  first  covering  the  boards  with  a  layer  of  what  is  called  slating  felt  ;  but 
which  in  restlitv  in  merely  thick  brown  paper,  soaked  in  tar.  This  Is  sold  in  long  continuous  rolli, 
28iiis  VI  i  ,  .1  ivcighUig  from  40  to 50 fts.  A  50  lb  roll  will  cover  about  300  sq  ft  of  roof.  With 
proper  irtiLMtiiion-i  against  the  admission  of  rain  and  mow,  a  pitch  as  Hat  as  1  in  'iHi  or  even  lin 
S,  may  be  adopted. 

The  thickness  of  slate  on  a  roof  is  double;  except  at  tke  laps  it,  it,  ice,  where  It  is  triple.  The 
lap  is  measured  from  the  nail  bole  (under  i)  of  the  lower  slate,  to  the  lower  edge  or  tail,  *,  of  the 
upper  one;  andiaaanally  about  3  ins.  In  order  that  the  showing  lower  edges  of  the  slates  shall, 
when  laid,  form  regular  straight  lines  along  the  roof,  the  nail  holes  are  made  at  equal  distances  fk-om 
said  lower  edg^s;  so  that  any  irregularity  of  length  Is  eofieealed  fk-om  view  at  the  hidden  Acods  of 
the  slates.  The  slater  estimates  the  length  of  his  slate  fh>m  the  nail  hole  to  the  Uil ;  discarding  the 
narrow  strip  between  the  nail  hole  and  the  head.  If  fkt>m  this  reduced  length  the  lap  be  dedueted, 
then  one-half  of  the  remaiuder  will  be  the  gauge,  weathering,  or  tnargin,  of  the  slating;  or.  in 
other  words,  the  showing  or  eacposed  width  of  the  courses  of  slates.    The  gauge  in  Ins  multiplied 


by  the  width  of  a  slate  in  ins,  gives  the  area  in  sq  ins  of  flniiihed  roof  oover^  by  a  single  state ; 
and  if  144  (the  aq  ins  in  a  sq  (hot)  be  dirided  Iqr  this  area,  the  quotient  will  bethe  number  of  al 
required  per  sq  ft  of  roof.   The  upper  side  of  •  slate  is  called  its  back ;  the  lower  one,  its  bed. 


Slating,  like  shingliog,  must  evidently  be  commenced  at  the  eaves,  and  extended  upward.   

the  beds  of  the  slates  are  not  exactly  parallel  to  tho  boarding,  and  consequently  do  not  rest  flat  upon 
it,  those  at  the  lower  edge  w  would  easily  be  broken.  To  prevent  this,  a  Hltbig  strip  (a 
stout  wide  lath,  with  its  upper  side  planed  a  little  bevelling,  to  suit  the  slope  of  the  slates)  is  Orst 
nailed  around  near  the  eaves,  for  the  tails  of  the  lowest  eourse  of  slates  to  rest  on.  This  is  shown  on 
a  larger  scale  at  T. 

Slate  of  the  best  qnalitvhas  a  glistening  semi-metallie  appearance,  somewhat  like  that  of  a  snr> 
face  of  paper  rubbed  with  black-lead  pencil.  That  of  a  dull  earthy  aspect,  is  softer,  more  absor* 
bent,  and  consequently  more  liable  to  yield  to  atmospheric  influences,  rain,  ttcst,  ko.  Iron  pyrites 
frequently  occurs  in  slate;  and  since  it  always  decomposes  and  leaves  holes,  should  never  be  admitted 
on  a  roof.  Of  two  qualities  of  slate,  that  which  absorbs  the  least  weight  of  water,  when  pleoesof 
equal  siie  are  soaked  for  an  hour  or  two,  is  generally  the  best;  being  least  liable  to  split  by  tnM, 
and  beoome  weather-worn.    This  test  is  easily  applied. 

In  England  the  diflferent  alBCS  are  distinguished  by  absurd  names  of  no  meaning.  In  the 
United  States  they  are  called  6  byl3's;  16by24's.  ftc,  according  to  their  measures  in  inches.  They 
may  be  cut  to  order,  of  almost  any  preaoribed  dimensions,  or  shape.  Tho^  inoommon  nse  vary  Hrom 
about  T  by  14,  to  12  by  18.  The  first  forms  about  6  to  6  inch  courses ;  and  the  last  about  7  to  8  inch ; 
depending  upon  how  far  fh>m  the  head  the  nail  holes  are  pierced.  The  fkrther  this  is,  the  firmer 
willtbeslatinffbe. 

Slate  roofs,  like  iron  ones,  beat  the  rooms  immediately  below  them  very  much.  This  is  somewhat 
diminished  when  the  slates  are  on  boards,  instead  of  laths ;  and  still  more  by  a  coat  of  plaster  be- 
neath.   They  are  also  liable  to  break  when  walked  on ;  less  so  when  bedded  in  mortar. 

•   Wel§rbt  of  slate  rooft.  Slate  weighs  about  175  ibs.  per  cub  foot;  therefore, 

a  sq  ft.  H  inetk  thick,  weighs  about  1.8  lbs;  iV  2.7  lbs;  and  }i  thick,  S.Slbs.    But  owing  to  the 
overlapping,  a  square  foot  of  roof  requires  about  2H  sq  ft  of  slate  of  ordinary  sizes;  and  if  the 
slate  is  laid  on  boards  an  inch  thick,  the  weight  per  sq  ft  of  roof  will  be  increased  about  2U  lbs; 
or  with  IH  inoh  boards,  2.8  lbs.    Laths  will  weigh  about  }4  lb  per  sq  ft  of  roof. 
Hence, 

Approx  Woight 
of  one  soft  of 
Slating,  in  lbs. 

Slate  H  in«h  thick  on  laths 4.75 

"  "  on  1  inch  boards 6.75 

"  "  on  IJi  ••       "     7.80 

"   8-l«  "  on  latbs 7^ 

"      "     "  on  1  Inch  boarda. , 9.OO 

"      *'     ••  on  IH  "       "     9.56 

"      H   "  on  laths 9.25 

I  1  inch  boards 11.25 


"      "     ••  on  l}i  '  

If  slaUng  felt  is  used,  add  }iTb;  or  if  the  slates  are  bedded  in  M  ixch  ,. 
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For  the  total  weight  borne  by  the  roo/«rMMe«,  thsteftha  parllas  alMniut  be  added.  Thia  trill 
not  vary  moob  from  the  llmita  of  1  ^  to  S  Iba  par  eq  ft  to  rooft  of  moderate  apaa.  Add  for  wind  and 
■now,  lay  SO  fta  per  aq  ft ;  and  finally  add  the  weight  of  the  trnaa  Itaelf. 

For  Btoppin§r  tbe  Jolnto  between  slates  (or  shingles,  Ac)  and  chimneys, 
dormer  windows,  Ac,  a  mixture  of  stiff  white- lead  paint,  as  sold  by  the  keg,  with  sand  enough  to  pre- 
Tont  it  rtx>m  running,  is  very  good ;  espeelally  if  protected  by  a  covering  of  strips  of  lead,  or  copper, 
tin,  Ac,  nailed  to  the  morUr-Jointa  of  the  chimneys,  after  being  bent  so  as  to  enter  said  Joints ;  which 
■hoold  be  scraped  out  for  an  ineh  in  depth,  and  afterward  refilled  Mortar  protected  in  the  same 
way,  or  even  unproteotad,  is  often  used  for  the  purpose;  but  is  not  equal  to  the  paint  and  sand.  Mor 
tar  a  few  days  old,  (to  allow  rofraetory  partieles  of  lime  to  slack,)  mixed  with  blaoksmith's  dndera 
and  molasses,  is  much  ased  for  this  purpose ,  and  beoomes  rery  hard,  and  effeetlre. 


SHINGLES. 


Whiti  cedar  shingles  are  the  best  in  use;  and  when  of  good  qoality  will  last  40  or 
50  years  in  onr  Northern  States.  They  are  usually  27  ins  long;  by  ftx>in  6  to  7  ins 
wide ;  about  ^  inch  thick  at  upper  end ;  and  about  ^  at  lower  end  or  butt ;  and  are 
laid  in  courses  about  S%  ins  wide ;  so  that  not  quite  >^  of  a  shingle  is  exposed  to  the 
weather. 

They  are  utaally  Uld  Id  three  tbloknesses ;  eioept  for  an  inch  or  two  at  the  upper  ends,  where  there 
are  four.  Thev  are  nailed  to  s&wed  shingling- laths  of  oak  or  yellow  pine;  about  16  ft  long;  2ii  ins 
wide,  and  1  inch  thick ;  placed  in  horliontal  rows  about  8^  Ins  apart.  These  are  nailed  to  the  raft- 
ars.  or  purllDs  :  whicb,  for  latba  of  the  foregoing  size,  should  not  be  more  than  2  ft  apart  fh>m  center 
to  center.  Two  n&lls  are  used  to  eaoh  shingle,  near  its  upper  end.  They  should  not  be  of  less  site 
than  400  to  a  lb.  Wrought  nails  being  the  strongest,  are  the  best;  cut  ones  are  apt  to  break 

by  the  wsrptng  of  the  ablnsles.  Two  pounds  of  such  nails  will  suffice  for  100  sq  ft  of  roof,  including 
waste.  An  average  shingte  IH  Ids  wide,  in  8^  inch  courses,  exposes  OSH  iq  In*;  making  t}i  shingles 
to  a  sq  ft  ft  roof:  but  to  allow  for  waste,  and  narrow  shingles,  it  is  better  in  practlee  to  allow  abont  8 
shingle!!  to  a  aq  ti. 

Shfoglios.  like  slatiog,  must  plainly  be  begun  at  the  eaves ;  and  extended  upward.  For  closing  the 
joints  between  tbe  ahinglea,  and  cdimneys,  dormer  windows,  Ac,  see  at  end  of  Slating. 

Cypress  and  white  pine  are  alao  much  used  for  shingles,  being  much  cheaper,  but  scarcely  half  as 
durable.  AH  shingles  wear  quite  thin  in  time  by  rain  and  exposure.  In  warm  damp  climates  they 
all  decay  wltblo  6  to  12  years. 


PAINTING. 

Thi  principal  material  used  in  house-painting,  is  either  white  lead,  or  oxide  of 
sine,  ground  in  raw  (unboiled)  linseed  oil,  by  a  mill,  to  the  consistency  of  a  tliick 
paste.  In  this  oooditioo,  it  is  sold  by  the  manufacturers  in  kegs  of  25,  50^  and  100 
Um.  To  prepare  it  for  actu<il  use,  merely  requires  the  addition  of  more  linseed  oil, 
«y  3  or  4  pints  to  10  lbs  of  the  keg  paint,  for  thinning  it  sufBciently  to  flow  readily 
under  the  brush. 

_  reqdiraa  4  or  5  eoats ;  but  usually  only  i  are  used  in  prinelpal  rooms ;  and  8  in  lnfbrio^ 
ih  oeiU  must  be  allowed  to  dry  perfectly  before  tbe  next  one  is  put  on.    One  lb  of  the  keg 


id  painting 
■aoh  ooai 


paint  will,  after  being  thinned,  oover  about  2  sq  yds  of  first  coat;  3 yds  of  second:  and  4  yds  of  eaoh 
aubaequent  ooat ;  or  1  sq  yd  of  S  coau  will  require  In  all,  1.08  lbs ;  of  4  coats,  l^  lbs ;  of  5  coats,  1.58 
Bs.  The  reason  why  the  first  eoats  require  so  much  more  than  the  subsequent  ones,  is  that  the  bare 
anrfhoe  of  the  wood  absorbs  it  atora. 

When,  as  is  usual,  rmt  or  unboiled  oil  la  used  for  thinning,  diyan  must  bo  added  to  it ;  otherwise 
the  paint  might  require  sereral  weeks  to  harden ;  whereas,  with  dryers,  ftt>m  1  to  S  days,  according 
to  the  weather,  snflftoe  for  eaoh  ooat  to  beoome  hard  enough  to  reoelTe  the  next  one.  The  dryers  most 
oommonly  used,  are  powdered  litharge,  in  the  proportion  of  one  heaped  teaspoonfnl ;  or  Japan  rar- 
nlah,  1  table>aDeonral,  to  10  lbs  of  the  keg  paint.  Either  angar  of  lead,  or  sulphate  of  zinc,  may  also 
be  used  instaad  of  litharge ;  and  in  tbe  same  proportion.  Although  both  litharge  and  Japan  ramish 
are  dark-colored,  yet  the  quantity  is  so  small  as  not  to  appreciably  affect  the  whiteness  of  the  paint. 
If  the  vamiah  is  used  in  ezoeas,  as  is  often  done  In  the  hurry  to  have  work  dnished,  it  produces 
eraoks  all  orer  the  surface.  No  dryer  is  necessary  if  painters'  boiled  oil  be  used  for  thinning.  Mere 
boiling  will  not  cause  oil  to  harden  more  rapidly ;  but  that  intended  for  painters,  has  litharge  added 
to  It  previoualy  lo  boiling ;  in  tbe  proportion  of  1  ^  lbs  to  each  10  gallons  of  raw  oil.  In  some  works 
written  for  the  use  of  house  painters,  it  is  asserted  that  boiling  renders  the  oil  too  thick  for  any  but 
eoarse  outdoor  work.  But  this  is  entirely  a  mistake ;  for  if  the  boiling  be  properly  done,  the  oil 
irill  be  quite  thin  enough  for  the  bast  inside  work ;  and  will  moreorer  be  elearor  than  while  raw ;  and 
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Will  impart  to  the  paloted  aurfaoe  a  more  sblDlng  appesranoe.  Th«  iMat  ■hould  be  barely  malt 
to  produce  buiUug  ;  or  about  600"^  Fata.  The  boiUog  staould  cootiou«  abuut  Ih  huunt;  tUe  oU  t  _ 
thoroughlj  stirred  at  abort  iotervals,  to  prevent  the  litharge  trum  setUiug  tit  ibe  bottom.  ThQ^M 
mav  theu  be  allowed  to  aubetde;  wheu  tbe  opuraiiou  will  be  completed.  A  eediuieut  will  tbeti  l^rm 
at  tne  bottom ;  which  must  be  len  behind  wheu  the  oil  ia  poured  otf.  Although  oo  dryer  is  uecesiary 
with  thit  oil,  still  a  little  litharge  ma;  be  added  wheo  great  expedition  demands  it.  Paiot^ri  rarely 
ese  this  oil,  on  aocouat  of  its  trifling  increase  of  cost. 

Another  substance  much  used  wiiti  the  thinning  oil,  (except  for  the  first  coat,;  U  spirits  of  turp«n* 
tine  ;  called  "  turp"  by  the  workmen.  The  quantity  of  oil  maj  be  diminished,  to  the  extent  oftb* 
Added  turp.  This  being  more  Quid  than  oil.  cause«  the  paint  to  woric  more  plensantlj  under  tbe  broab. 
It  moreover  diminishes  the  tendency  of  the  paint  to  become  yellow  ;  especially  Itt  rooms  kept  cloaed 
for  some  time.  It  is  also  much  cheaper  than  oil.  It  should  not  bv  used,  or  bat  tparingly,  for  dxpoM4 
outdoor  work  i  ina^fmuch  as  lu  tendency  is  to  impair  tbe  tirmues^  of  the  paint ;  and  although  it* 
•flSects  are  scarcely  appreciable  indoors,  they  are  quit«  apparent  when  the  work  has  to  resist  the 
waatber.  As  the  fashions  change  in  house-paluting.  the  surface  is  at  times  required  to  presents 
tMning  or  glossy  finish;  at  other  times  a  dead  one  is  in  vogue.     The  glossy  one  is  that  which  the 

Saint  will  naturally  have,  provided  that  no  more  turp  than  oil  be  used  in  the  thiuuing.  The  dead 
niab  Is  obtained  by  using  no  oil,  but  turp  alone,  for  the  last  coat;  which  In  that  case  is  called* 
^lattiyig  coat.  Although  turp  ia  not  properly  a  dryer,  atiU,  as  it  evaporates  quickly,  it  facilitates  the 
ardening  of  the  paint. 

In  outdoor  work  it  is  usually  advisable  to  use  more  dryer  than  inside,  so  that  the  paint  may  soobm* 
become  hard  enough  not  to  be  injured  by  dust  or  rain.     Otherwise  less  would  be  better. 

When,  instead  of  a  white  huish,  one  of  some  other  color  is  required,  the  coloring  ingredient  ia 
nixed  with  the  white  paint  to  be  used  in  the  last  coat  only  ;  although  two  coloring  coals  are  s<«ae- 
timea  found  to  be  necessary  before  a  satisfactory  effect  la  produced.  The  coloring  ingredients  may  be 
Indigo,  lampblack,  terra  sienna,  umber,  ochre,  chrome  yellow,  Venetian  red,  red  lead,  Ac,  &c;  whieh 
•re  ground  in  oil.  ready  for  sale,  by  the  manufacturers  of  the  white -lead  and  zinc  paints.  They  an 
■imply  well  stirred  into  the  white  paint. 

All  surfaces  to  be  painted,  should  first  be  thoroughly  dry,  and  free  from  dust.  If  on  wood,  all 
plane-marks,  and  other  alight  irregularities,  should  nrat  be  smoothed  otf  by  sand-paper,  when  the 
neatest  flnisb  is  required.  Also,  all  heads  of  nails  must  be  punched  to  about  %  inch  below  the  lar- 
face.  To  prevent  knots  f^om  showing  through  the  finished  work,  (as  those  in  white  or  yellow  pine 
would  do,  on  account  of  the  contained  turpentine,)  they  must  first  be  killed,  as  It  is  termed.  A  mraal 
and  efToctive  way  of  doing  this,  is  by  covering  them  with  two  coats  of  shellac  varnisb  ;  which,  whea 
dry,  should  be  smoothed  by  eaad-paper.  Another  mode,  not  quite  so  oertalo,  is  by  one  or  two  coats 
of  white  lead  mixed  with  tbin  glue- water,  or  size,  as  it  ia  called. 

After  these  preparations,  the  first,  or  priming  coat,  is  put  on  ;  in  which  there  shonld  be  no  turp; 
because  it  would  sink  at  once  into  the  bare  wood,  leaving  the  white  lead  behind  it,  in  a  nearly  d^ 
friable  condition.  After  this  the  nail  holes,  cracka,  &o,  must  be  filled  with  common  glaziers'  putty, 
made  of  whiting  (floe  clean  washed  chalk)  and  raw  linseed  oil;  boiled  oil  will  not  answer;  the  patty 
would  t>e  friable.  The  putty  would  be  apt  to  fall  oat,  If  put  in  before  priming ;  because  the  wood 
would  absorb  the  oil,  and  the  putty  would  then  shrink.  After  the  first  coat  is  perfectly  dry,  tht 
aecond  one  is  put  on  ;  and  for  It  about  1  measure  of  turp  may  be  mixed  with  3  measures  of  the  thin- 
ning oil.  In  the  third,  and  any  subsequent  coata,  eqoal  measorea  of  turp  and  oil,  may  be  uied  for 
thinning,  if  the  work  Is  required  to  dry  unth  a  gloss;  but  if  it  is  to  finish  dead,  the  Ia»tcoatmaet 
1'     I  ;        '  .'   <ue;  or  one  in  which  the  thinning  oil  is  entirely  omitted,  and  tarp  alone  substltutad 


;eDcra]ly  clean  their  brushes  by  merely  pressing  out  most  of  the  paint  with  a  knife ; 

jem  in  water  antil  fnrtber  uae.    If  to  be  put  awav  for  some  time,  they  may  be  thorouL..^ 

•leaned  by  turp ;  or  by  soap  and  water.    To  prevent  a  hard  tkln  tram  foming  en  the  toy  of  tWfr 


TTio  Tm  sf  jiji  Ml  f  s  for  preserTtnjr  Iron  exposal  to  the  wentlier, 

appear  to  be  piiiverizei  oxides  of  iron,  sneh  as  yeUow  and  red  ironoohriis;  or  brown  hematite  irmm 
ores  finely  ground ;  and  simply  mixed  with  linseed  ell.  and  a  dryer.  White  lead  applied  diseotly  ta 
the  iron,  requires  inc«i^sani  renewal:  and  Indeed  probably  exerts  a  corrosive  eflEiMt.  It  may,  how- 
ever, be  applied  over  the  more  durable  colors,  when  appearance  requires  it.  Red  lead  Is  said  to  be 
Ter^  durable,  when  pure.  An  inntanoe  Is  recorded  of  pump-rods,  in  a  well  20O  ft  deep,  near  London, 
which,  having  first  tteen  thus  painted,  were  in  use  for  46  years ;  and  at  Ufe  expiration  of  that  time. 
their  weight  was  found  to  be  preciiely  the  same  as  when  new;  thus  showing  that  nut  had  aoe 
affected  them. 

When  the  size  of  the  expojied  iron  admits  of  It,  Its  freedom  fh>m  met  may  be  T«ry  mneh  promoted 
by  first  heating  it  tborou|,;hly ;  and  then  dipping  it  into,  or  washing  it  well  with,  hot  linseed  oil ; 
which  will  then  peneirati  into  the  interior  of  the  Iron.  For  tinned  Iron  exposed  to  the  weather,  on 
roofs,  rain  pipes,  Ac,  B pan ish  brown  Is  a  Tory  durable  color.  The  tin  is  ft^oently  fonad  perfectly 
bright  and  protected,  whi  n  this  color  has  been  nsed,  after  an  exposure  of  iO er  M  years.  WhlM 
paint  washes  off  In  a  few  rears  by  rain. 

Plastered  walls  should  if  possible  be  allowed  to  dry  for  at  least  a  year,  before  being  painted  in  ok 
•etherwise  the  paint  will  h  ■  liable  to  blister.  They  may,  if  preferred,  be  fresooed  (waler-eoloii 
mixed  with  size)  to  the  dR>ir«»d  tint  during  the  interval. 

The  pnintinp;  of  un»f>ii?!r)nr<l  wood  hastens  its  decay.  If  the  rarfaee  to  he  painted  la  greasy,  the 
frf"-"'  T'>!=»  H"-*  b"  -- ..-  '..<i  by  water  In  which  is  dissolved  some  Ume. 

Waslies  for  oatslde  work.    Downing,  in  his  work  on  country  honsee. 


reoommeods  the  following :  For  wood-work ;  in  a  tight  bushel,  slack  half  a  bushel  of  fresh  lime,  by 

Kuring  over  it  boiling  water  snflloieat  to  cover  it  4  or  6  ins  deep ;  stirring  it  until  slacked.    Add) 
>  of  sulphate  of  sine  (whUa  vitriol)  disaolved  in  water.    Add  water  enough  to  bring  all  to  the  co^.- 


slstenoe  of  thick  wbitewaah.    Applv  with  a  whitewaah  brush.    This  wash  is  white;  but  it  may  be 
oolored  by  adding  powdered  ochre  Indian  rod,  umber,  ke.    If  lampblaok  is  added  to  water-oolors,  It 
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btotoMOshhrd 


For  briek,  mnsoHry,  or  ronffli-east.    Slack  ^  a  bmhel  of  lim«  ai 

fore;  tb«a  fill  the  barrel  %  full  of  water,  aod  add  a  bashel  of  fefdraaUo  oetneiit.    Add  8  At  of  sal* 


before;  then  fill  the  barrel  H 

phate  of  tiao,  prevloaaly  diMolved  ia  water. 


The  whole  ehoald  be  of  the  thiokaeti  of  palal ;  and 


may  be  put  on  with  a  wbitewaeh  broah.  The  wa«h  ia  improved  b/  atlrriag  ia  a  peck  of  white  aand, 
Jnat  btifore  nslng  it.    It  ma^r  be  colored,  if  desired,  like  the  preoedtDg. 

He  also  gives  the  followhig  cheap  ofl-paint  for  oataide  work  on  wood,  brfelr,  stone,  &o ;  and  savs  It 
beoomes  fhr  harder  and  aiore  darable  thaa  oemaioa  paint :  One  iMaaare  oT  §round  ftwh  qaloklime ; 
add  the  same  qaantity  Of  ftne  white  aand,  or  One  ooal  aaheaf  and  twice  -aa  mooh  fTeeh  wood  aahee; 
all  the  foregoiog  to  be  passed  through  a  fine  sieve.  Ifiz  well  together  dry.  Mix  with  as  moeh  raw 
linseed  oil  aa  wUl  make  the  mixture  aa  thin  as  paint.  Apply  with  a  painter's  brush.  It  may  be  col- 
ored like  the  foregoing,  taking  care  to  mix  the  colors  well  with  oil  before  adding  them.  It  is  best  te 
pa*  o«  two  oeata ;  the  flraft  thl^,  and  the  aeeoad  thiek. 

Also,  another,  said  to  stand  15  to  20  years :  60  lbs  beat  white  lead :  10  quarts  raw  linseed  oil :  ^  B 
dryet;  60  fta  flnelv  sifted  sharp  clean  sand ;  2  lbs  raw  umber.  Add  very  little,  say  ^  pint  of  tur- 
peatlae.    Apply  with  a  large  brush. 

White 


Cement  for  stoppln§r  Jotnto,  sach  as  around  chimneys,  Ac.  Ac. 
sad  groand  la  oil,  aa  told  by  the  keg ;  mixed  with  enough  pure  sand  to  make  a  stiff  pasu 
not  mn.    It  grows  bard  b^  exposure,^  and  realsts  heat.  cold,  and  water.    Pldoea  Of  atone  may  be 


lead  groand  la  oil,  aa  told  by  the  keg ;  mixed  with  enough  pure  sand  to  make  a  stiff  paste  that  will 
not  raa.    It  grows  bard  by  exposure,  and  realsts  heat.  cold,  and  water.    Pl« 
atvongly  cemented  together  by  it,  allowing  a  few  months  for  proper  hardening. 


WHtteWMilk  for  tMBMe  work,  according  to  Mr.  Downing,  "ia  made  more 
flsed  «nd  permanent,  by  adding  S  quarts  of  «hln  stee  to  a  paSKni  of  the  waali,  jnst  before  using. 
The  bett  tiae  for  this  purpose  is  made  of  shreds  of  glove  leather;  bnt  any  alean  sise  of  good  qmali^ 
will  answer,"  as  thin  glue-water.  We  will  add,  that  the  ooqiBUM  practice  of  mixing  aalt  with  white- 
wash, should  not  be  permitted.  Paper  pasted  on  a  wall  which  has  previously  been  covered  with  saU 
whitewash,  is  very  apt  to  beoome  wet,  and  loose,  and  to  fkH  off  during  damp  weather.  The  wbite- 
waah  should  be  scraped  off.  and  the  wall  or  partition  oovered  wtth  a  ooait  or  two  of  thin  aiie,  to  pro* 
tMi  tlia  papar4h>ai  the  efbat  <rf  the  saH  (hat  aa^y  sHU  adhere  aa  «ha  plaatea. 
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GLASS,  AND  GLAZING. 

Window  glass  is  sold  by  the  box.  Whatever  may  be  the  size  of  the  panes,  a  box 
contains  as  nearly  50  sq  ft  of  glass  as  the  dimensions  of  the  panes  will  admit  of. 

Panes  of  any  sise  may  be  made  to  order  by  the  manufacturers.  The  sixes  ^ven  in  the  following 
table,  as  well  as  many  others,  are  generally  to  be  had  ready  made.  Ordinary  window  glass  of  all  the 
alios  In  the  table,  is  about  one-sixteenth  of  an  inch  thick  ;  and  this  Is  the  thickness  supposed  to  ba 
intended  when  a  greater  one  is  not  speoified.  DoubU-tkick  glass  is  nearly  ^  inch ;  and  iu  price  ia 
50  per  ot  more  than  the  ttngle  thick.    It  is  of  course  much  stronger  than  the  single. 

The  panea  are  confined  to  the  sash  by  glasiers'  putty,  made  of  whiting  (powdered  chalk)  and  raw 
Hnaeed  oil ;  and  by  small  triangular  pieces  of  thin  tin,  about  ^  inch  on  a  side,  which  uphold  the 
glaaa  while  the  potty  is  being  put  on;  and  are  allowed  to  remain  afterward,  aa  a  protection  while  the 
pvtty  oontinoes  soft. 

TABI.I:  OF  HrVMBERS  OF  PAHTES  IN  A  BOX. 


Blaein 

Panea 

Siie  in 

Panes 

Sizp  Id 

Fanes 

Size  in 

Panea 

Siaein 

Panea 

ina. 

to 
a  box. 

ina. 

to 
a  box. 

ios. 

to 
a  box. 

ins. 

to 
a  box. 

ina. 

to 

a  box. 

•  X  8 

150 

12X86 

17 

16X42 

11 

14X24 

80X66 

7X   9 

115 

13X14 

40 

48 

9 

26 

70 

•  xio 

M 

16 

85 

54 

8 

SO 

82X84 

13 

75 

18 

81 

60 

8 

86 

86 

9X12 

67 

10 

28 

18X20 

10 

42 

42 

14 

57 

14 

28 

22 

18 

48 

48 

16 

50 

32 

17 

14 

17 

54 

60 

18 

45 

14X16 

82 

80 

14 

60 

66 

10X12 

60 

18 

29 

36 

66 

84X36 

14 

52 

10 

26 

42 

16X28 

44 

16 

46 

14 

22 

50 

32 

48 

18 

40 

80 

17 

60 

86 

64 

10 

96 

86 

14 

10X22 

41 

60 

t4 

80 

41 

11 

14 

48 

66 

80 

14 

46 

11 

80 

54 

86X40 

11X12 

55 

15X16 

30 

88 

60 

44 

14 

47 

18 

27 

42 

18X80 

48 

16 

41 

20 

24 

48 

S6 

64 

M 

87 

24 

20 

54 

42 

60 

10 

88 

80 

16 

64 

66 

70 

14 

27 

36 

IS 

22X24 

14 

66 

88X44 

11X14 

48 

40 

12 

80 

11 

80X84 

62 

16 

38 

16X18 

25 

86 

9 

36 

40X46 

18 

34 

20 

23 

42 

42 

64 

10 

30 

24 

19 

48 

48 

72 

S4 

25 

SO 

15 

56 

54 

44X60 

18 

21 

86 

13 

60 

60 

56 

80 

20 

oqI. 

974  OLA8B. 

The  bMt  qaalities  of  Amerioftn  glase  made  in  th«  Tloiiiltj  of  Philadelphi*, 

Boston,  Pittsburg,  dbc,  are  for  most  purely  useful  purposes,  as  good  as  those  from 
foreign  oouuuries ;  but  when  the  highest  degree  of  beau^  is  required,  as  in  the 
lower  front  windows  of  first-class  dwellings,  fancy  stores,  ^,  polished  plate- 
glass  of  England,  France,  or  Germany,  must  be  used,  although  the  price  for 
moderate  sized  panes  is  from  5  to  8  times  as  great  as  that  of  the  best  quality 
single-thick  American.  Its  perfectly  smooth  surface,  free  from  distorted  reflec- 
tions, also  makes  it  the  best  for  covering  pictures ;  still,  if  carefully  selected 
American  panes  be  used  for  this  purpose,  few  except  critics  in  glass  will  detect 
the  difference. 


A  tblck  arlass  is  made  expressly  for  floorlii9,up  to  1  inch  thick, 
wild  up  to  50  inches  by  9  feet  dimensions.  Also,  for  skylights,  from  ^  to  ^  inch 
thick.  This  can  be  furnished  to  order  of  any  size  up  to  40  inches  by  8  or  10  i 


The  smaller  sizes  can  also  be  had  ground.  Grinding  prevents  the  entrance  of 
the  full  8:lare  of  the  sun ;  and,  moreoTer,  dlffUses  the  light  over  a  much  greater 
width  of  space  below. 

Strengrtli  of  vlass.  Teneile  2500  to  9000  lbs  per  square  inch.  Boston  rods 
by  author,  3-^)0  to  5200.  Crushing  strength,  6000  to  10000  S>s  per  square  inch, 
liransrersely,  (br  the  writer's  trials.)  flooring  glass,  1  inch  square,  and  1  fqot 
between  the  end  supports,  breaks  under  a  center  load  of  about  170  lbs:  con- 
sequently, it  is  considerably  stronger  than  granite,  except  as  regards  crusning ; 
in  which  the  two  are  about  equal. 

Remark.  Window  and  other  glass  which  contains  an  excess  of  potash  or  ot 
soda  is  very  liable  to  become  dull  in  time,  owing  to  the  deoomposition  of  thoec 
ingredients  by  atmospheric  influences. 
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Tbe  streiUKtlft  of  rope  variea  greatlf. 
25  per  cent.    The  table  Delow  supposes  an  average  quality  Manila. 


Heoet  fnHn  the  same  coil  may  ruy 
average  quality  Manila.  Good 
Italian  bemp  is  considerably  stronger.  The  tarrlnfr  of  ropes  is  said  to 
lessen  their  strength ;  and,  when  exposed  to  weather,  their  durability  also.  We 
believe  that  its  use  in  standing  rigging  is  partly  to  diminish  contraction  and 
expansion  by  alternate  wet  and  drying  weather.  A  few  months  of  exposed 
work  weakens  ropes  20  to  50  per  cent. 


Table  of  Manilla  rope. 

Diam. 

Clrc. 
Ins. 

Wtper 
foot. 
lbs. 

Breaking  load. 

Diam. 
Ina. 

Circ. 
Ins. 

Wtper 
foot, 
lbs. 

Breaking  load. 

Ins. 

Tons. 

Ibe. 

Tons. 

lbs. 

.289 

% 

.019 

.25 

560 

1.91 

6 

1.19 

11.4 

25536 

.818 

1 

.033 

.36 

784 

2.07 

6>^ 

1.30 

13.0 

29120 

.477 

IH 

.074 

.70 

1568 

2.28 

7 

1.62 

14.6 

82704 

.636 

2^ 

.182 

1.21 

2738 

2.39 

7H 

1.86 

16.2 

86288 

.796 

2H 

.206 

1.91 

1278 

2.55 

8 

2.11 

17.8 

89872 

.995 

3 

.297 

2.73 

6115 

2.86 

9 

2.67 

21.0 

47040 

1.11 

3)^ 

.404 

8.81 

8534 

8.18 

10 

3.30 

24.2 

64208 

1.27 

4 

.528 

5.16 

11558 

8.50 

11 

3.99 

27.4 

61376 

1.48 

^H 

.668 

6.60 

14784 

8.82 

12 

4.75 

30.6 

68544 

1.69 

6 

.825 

8.20 

18368 

4.14 

18 

6.58 

33.8 

75712 

1.75 

5>^ 

.998 

9.80 

21952 

4.46 

14 

6.47 

87.0 

8288e 

Working  loads.  For  manila  ropes  from  1  to  l^ins  diam,  mnning  at 
different  speeds  over  sheaves  of  the  diams  stated,  Mr.  C.  W.  Hunt  (Trans  Am 
8oc  Mechl  Enffrs,  Vol.  XXIII,  1901)  gives  a  table  embodying  approximately  tbe 
following  results  of  experience.  Working  load  =»  C  X  ultimate  strength  of  new 
rope.    D  =  minimum  diam  of  sheave,  in  ins. 

Vrope   l9i^rope 

Speed  ftpermin  as  for  work  on  ODD 

Slow  60  to  100     derrick,  crane,  quarry        0.140  8  14 

Medium       '  160  to  300     wharfL  cargo  0.066  12  18 

Rapid  400  to  800  0.028  40  ,     70 

Such  ropes  wear  out  rapidly.  A  rope  l}^  iQs  diam  wears  out  in  lifting  from 
7,000  to  10,000  tons  of  coal  On  the  other  band,  1}^  inch  transmission  ropes, 
running  6000  ft  per  mln  and  carrying  1000  H.  P.  over  sheaves  5  ft  and  17  ft  in 
diam,  last  for  years; 

Mr.  Hunt's  figures  for  ultimate  strength,  based  upon  tests  of  full-sized  speci- 
mens of  manila  rope  made  by  three  independent  rope-walks  and  purchascMl  in 
open  market,  are  practically  Identical  with  those  given  in  our  taole  above,  as 
are  also  those  of  Prof.  B.  Kirsch,  of  the  Imperial  Royal  Technological  Industrial 
Museum,  Vienna,  quoted  by  Mr.  Hunt. 
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WEIGHTS   AND  STBEaiGTHS  OF  WIRE  BOPES. 


WEIGHTS  ABTB  8TREMOVKS  OF  WIRE  ROPES. 


Wire  Rope  manufactured  hj  Jobn  A.  Rocfblingr's  fknm  Co.,  Tren- 
ton, N.  J.  'rhe  prices  and  weights  given  are  for  ropes  with  hemp  centers. 
When  made  with  toire  centers,  the  prices  per  foot  are  10  per  cent,  higher,  and 
the  weights  10  per  cent,  greater. 


Trade 
No. 


Diam. 
in 
ins. 


Approx, 
circum. 
in  ins. 


Wt. 
per  ft. 
in  ibs. 


Approx.  break- 
ing strength  *  in 
tons  of  2000  fi>s. 


Iron.    C.  Bteel. 


Minimum  diam. 
of  drum  in  feet. 


IroD.    C.  steei. 


Price  in  cents 
per  foot.t 


Iron.    C.  steeL 


Standard  Hototlngr  Rope,  with  6  strands  of  19  wires  each. 


1 
2 
3 
4 
6 

7 
8 
9 
10 

10  a 
106 


8.00 
6.30 
4.85 
4.15 
3.55 
3.00 
2.45 
2.00 
1.58 
1.20 
0.89 
0.62 
0  50 
0.39 
0.30 
0.22 


78 

62 

48 

42 

36 

31 

25 

21 

17 

13 
9.7 
6.8 
5.5 
4.4 
S.4 
2.5 


156 
124 

96 

84 

72 

62 

60 

42 

34 

26 

•19.4 

13.6 

11.0 
8.8 
6.8 
5.0 


117 
92 


57 
48 
40 
33 
26 
20 
16 
12 
10 
8 


142 
111. 

98 

74 

66 

56 

46 

88 

80 

28 

18 

14 

H 

10 
9H 


TrafnsmlMifton  or  Hanlagr®  Rope,  with  6  strands  of  7  wires  each. 


11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21. 

22 

23 

24 

25 


3.66 
3;00 
2.45 
2.00 
1.58 
1.20 
0.89 
0.75 
0.62 
0.50 
0.89 
0.30 
0.22 
0.15 
0.125 


34 

29 

24    . 

20 

16 

12 
9.3 
7.9 
6.6 
6.8 
4.2 
S.3 
24 
1.7 
1.4 


66 

58 
48 
40 
32 
24 
18.6 
15.8 
18.2 
10.6 
8.4 
6.6 
4.8 
8.4 
2.8 


Notes  on  tbe  Use  of  Wire  Rope,  by  the  Boebling's  Company. 

The  ropes  with  19  wires  per  strand  are  the  more  pliable,  and  therefore  best 
adapted  ror  liolstlng:  and  rannin§r  rope.  The  others  are  stiffer  and  better 
adapted  for  §^ays,  <&c.  Ropes  of  iron  or  steel,  up  to  8  inches  diameter,  made  to 
order.  Hemp  center  rope  is  more  pliable  than  wire  center.  Wire  rope  most 
not  be  colled  or  nncoiled  like  hemp  rope.  When  on  a  reel,  the  reel 
should  be  mounted  on  a  spindle  or  flat  turn-table  in  order  to  pay  off  the  rope. 
When  forwarded  in  a  small  coil  without  a  reel,  roll  the  coil  on  the  ground  like  a 
wheel,  and  thus  run  off  the  rope.  Avoid  untwisting  and  short  bends.  To 
preserve  wire  rope,  apply  raw  linseed  oil  (whicn  may  be  mixed  with  an 


*For  tbe  safe  worklnar  load,  take  one-fifth  to  one-seventh  of  the 
breaking  load,  according  to  speed. 

t Discounts,  1901:  bright  rope,  80  per  cent,  and  1}^  percent.;  galyanized, 25 
per  cent  and  7}^  per  cent. 
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equal  quantity  of  Spanish  brown  or  lamp-black)  with  a  piece  of  sheepskin, 
keeping  the  wool  against  the  rope.    If  for  use  in  water  or  ander- 

grronnd,  add  1  bushel  of  fresh-slacked  lime  and  some  sawdust  to  1  barrel  of 
tar.    Boil  the  mixture  well  aud  saturate  the  rope  with  it  while  hot. 

OalTanised  wire  rope  for  rigging  is  cheaper  and  more  durable  than  heiup 
rope;  and  does  not  stretch  permanently  under  great  strains.  Its  bulk  is  one- 
sixth  and  its  weight  one-half  that  of  bemp  rope.  Roebling's  wire  rope  has  been 
made  the  standard  by  the  United  States  Nary  Department.  Shackles,  sockets, 
swivel-hooks,  and  fastenings,  dbc.,  furnished  ana  put  on  and  splices  made. 
Pulley-wheels  furnished.  Also  galTaniaed  steel  cables  for  suspension  bridges. 
Crucible  cast-steel  wire  ropes  are  much  more  durable  than  iron  ones.  They 
should  be  kept  well  lubricated. 

Patent  Flattened  IStrand  Wire  Rope. 
Manufactured  by  A.  lieselien  A  fitons  Rope  Co.,  St.  liOnlii,  M^ 


Hoiatinf  Ropes. 


Haulage  and  Traomaiasion  Bopa& 


Breaking  •strength 'Minimum  diam.of 

List  price  t  per 

u 

fc 

in  tons  of  2000  fcs. 

drum  in  feet. 

foot,  in  cents. 

i 

^^ 

^^ 

_^ 

^^ 

^ 

■s 

\i 

i 

i 

1 

i 

S 

1 

i 

1 

1 

%\ 

U   CQ 

1 

|l 

1 

9 

S  * 

i 
1? 

1 

" 

< 

H 

O 

1 

» 

5 

CO 

» 

^ 

if 

a 

HotBtln§r  Rope. 


2M 

8.50 

260 

176 

75 

55 

9 

10 

257 

182 

152 

2K 

2 

6.60 

211 

140 

66 

5| 

8 

9 

202 

144 

120 

2 

\%< 

6.00 

168 

109 

64 

S^.S.- 

7.25 

7.5 

173 

121 

104 

1% 

\\t 

8.71 

124 

81 

40 

?^* 

5.75 

6.5 

128 

86 

74 

ixZ 

\U 

5.50 

84 

56 

28 

m 

5 

5 

82 

59.5 

52 

\^ 

2.15 

67 

47 

21 

4.5 

4.5 

68 

60 

43 

\K^ 

1 

1.70 

.     56 

38 

17 

iH 

4 

4 

56.5 

39.5 

84 

1 

% 

1.26 

40 

29 

13 

3.5 

3.5 

45 

30 

26 

TA 

a2 

0.96 

32 

21 

9 

sl^ 

3 

3 

35 

24 

21 

7^ 

78 

0.67 

22 

15 

6 

r'^S 

2 

2.5 

26 

18.25 

15.5 

78 

K 

0.44 

13 

9 

4 

r  ® 

1.5 

1.75 

19.5 

14.5 

10.5 

9% 

Hanlagr®  And  Transmlsiilon  Rope. 


}^ 


2.40 
2.00 
1.64 
1.20 
0.98 
0.68 
0.40 

80 
64 
53 
88 
30 
21 
13 

54 
45 
36 
27 
20 
14 
9 

81 

54 

45 

67 

45 
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♦Working  load  =  0.2  X  breaking  strength. 
+  Discount,  1901, 30  per  cent,  and  7>^  per  cent 

J  "Hercules."    "Made  from  a  specially  drawn  and  patent  tempered  steel, 
which  is  solely  made  for  this  brand  of  rope."  /^^^^T^ 
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PAPER. 

34  iheetB  1  quire.       20  quires  1  rmun. 
Sices  of  drawinir  papers. 


Ids.    Int. 

Antiquarian 31  X  52 

Double  Elephant 26  X  40 

Atlas 26  X  34 

Imperial 21  X  30 


lu.   Im. 

Super  Royal 19  X  27 

Royal 19  X  24 

Medium 17  X  22 

Demv 15  X  ^0 

Cap..« , 13  X  17 


The  English  drawing-papers  are  stronger  and  superior  to  the  American.  Those 
by  Whatman  have  a  high  reputation ;  they  are,  however,  of  different  qualities.  When 
paper  is  pasted  on  muslin,  the  difference  in  quality  is  not  so  important.  Of  paper 
in  rolls,  the  German  makes  are  the  best.  There  is  but  little  of  other  makes  imported. 

Both  white  and  tinted  papers,  for  the  use  of  engineers,  are  made 
in  continuous  rolls,  without  seams.  Widths  86.  42,  54,  58,  and  62  ins ;  usual 
lengths  40  yds ;  but  can  be  had  to  order  to  400  yds  or  more.  These  may  also  be 
had  mounted  on  muslin,  lu  rolls  10  to  40  yd»  long. 

Cartrids^  or  pattern  paper  is  furnished  in  Ions  rolls,  of  same  lengths  u 
white  paper,  mounted  or  not ;  widths  up  to  54  ins.    Color,  a  light  buff. 

Tracing  paper.  Most  of  that  sold,  whether  domestic  or  foreign,  tears  so 
readily  as  to  be  of  comparatively  little  serrice.  Parchment  paper,  37  and  38  ins 
wide,  rolls  of  20  and  33  yds,  is  better,  but  does  not  take  ink  perfectly. 

Traeingr  clotli,  usually  called  tracing  muslin^  and  sometimes  vellum  clothj  is 
altogether  preferable  to  tracing  paper,  on  account  of  its  great  strength.  Widths 
18,  30,  36,  and  42  ins ;  lengths  to  24  yds. 

Profile  paper  is  made  in  widths  of  9  ins  and  20  ins,  and  in  single  sheets 
or  in  long,  continuous  rolls. 

Cross  section  paper,  mounted  or  unmounted,  tracing  paper  and  cloth, 
are  furnished  in  sheets  and  in  rolls,  ruled  in  quarters,  fifths,  eighths,  tenths, 
twelfths,  and  sixteenths  of  an  inch,  or  in  millimeters. 

Colors.  Since  the  introduction  of  blue  printing,  tinted  drawings  are  seldom 
made,  except  for  architectural  effect ;  but  colors  may  be  used  to  advantage  on 
black-line  prints  from  tracings,  p  482  <i.  A  good  draughtsman  needs  but  few 
colors;  say  India  ink,  Prussian  blue,  lake,  or  carmine,  light  red,  burnt  umber, 
burnt  sienna,  raw  sienna,  gamboge,  Roman  ochre,  sap  green.  Winsor  <Sb  Newton *a 
colors  are  among  the  best  in  use.  Purchase  none  but  the  rery  best  India  ink. 
Cakes  of  colors  should  always  be  wiped  dry  on  paper,  after  being  rubbed  in 
water ;  and  but  little  water  should  be  used  while  rubbing ;  more  being  added 
afterward. 

Lead  pencils.  Genuine  A.  W.  Faber^s  Nos.  2,  3,  and  4,  are  rery  good.  The 
hardness  increases  with  the  number.  No8.  3  and  4  are  good  for  field-book  use :  which 
to  prefer,  will  depend  on  the  character  of  the  paper;  No.  3  for  smooth,  and  No.4  for 
the  coarser  or  more  granular  papers.  His  lettered  pencils  are  of  a  higher  grade  and 
better  suited  for  draughting.  "  H  "  stands  for  " hard,"  " B "  for  "soft."  The  degree 
of  hardness  or  of  softness  is  indicated  by  the  number  of  H's  or  of  B's.  **F"  (inter- 
mediate) corresponds  with  No.  3.  Dixon's  American  pencils  are  good.  The  oflBc« 
draughtsman  should  have  a  fiat  file,  or  a  piece  of  fine  emery  paper  glued  to  a  strip 
of  wood,  upon  which  to  rub  his  lead  to  a  fine  point  readily,  after  using  the  knife. 
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BLUE-PRINTS,  ETC* 

Art.  1.  (a)  In  order  to  obtain  the  best  results,  all  nnneeessary  ex- 
posure, either  of  the  sensitized  paper  or  of  the  solutions,  to  sunlight  or  to 
other  white  )ight  should  be  avoided. 

(b)  Cleanliness  is  of  the  first  importance.  The  vessels  in  which  the  solu- 
tions are  made  and  mixed  must  be  scrupulously  clean,  and,  if  washed  with  soap, 
must  be  carefully  rinsed  with  clean  water.  They  should  be  left  full  of  water 
when  not  in  use.  The  presence  of  free  alkali  of  any  kind  is  fatal  to  good  re- 
sults, and  immediately  destroys  the  blue  color  of  a  finished  ^nt.  See  Art.  19  (b). 
The  solutions  must  not  be  allowed  to  come  in  contact  with  iron. 

Art.  2.  (a)  Tbe  Solution  used  in  sensitizing  the  paper  for  blue-prints 
is  usually  that  of /emcyauide  of  potassium  {red  prussiate  of  potash)  f  and  am- 
moniocitrate  of  iron  (citrate  of  iron  and  ammonia)  in  water. 

(b)  The  two  salts  are  usually  dissolved  separately  and  the  two  solu* 
tions  then  mixed.  The  potassium  salt  should  be  Broken  up  finie.  The  iron  salt 
is  usually  quite  pure  ana  dissolves  very  rapidly.  It  may  be  kept  indefinitely  in 
a  solid  state  if  perfectly  dry,  but  it  readily  absorbs  moisture,  and  then  becomes 
sticky  and  unfit  for  use;  and  the  solution  is  apt  to  become  mouldy  after  a  few 
days,  either  alone  or  when  mixed  with  the  potassium  solution.  Hence,  it  should 
be  prepared  (in  a. dark  room)  in  small  quantities  as  required. 

Art.  3.  (a)  The  following  is  an  average  of  several  recipes  that  give  ex- 
cellent results: 

Solution  A.  1  ounce  of  red  prussiate  of  potash  to  6  ounces  of  water,  or  2}/^ 
ounces  of  the  salt  to  a  pint  of  water. 

Dissolve  thoroughly  and  filter.  The  solutions  may  be  sufficiently  filtered 
through  raw  cotton,  and  much  more  rapidly  than  through  paper. 

Solution  B.  PA  ounces  of  ammoniocitrate  of  iron  to  6  ounces  of  water,  or  4 
ounces  of  the  salt  to  1  pint  of  water. 

Dissolve  thoroughly.    Filter,  unless  the  solution  is  perfectly  clear. 

(b)  Keep  the  two  solutions  in  separate  glass-stoppered  bottles  in  a  dark  place 
until  they  are  to  be  used.  Then  mix  them  in  equal  parts,  and  filter  the  mix- 
ture. Take  care  that  no  undissolved  particles  of  the  red  prussiate  get  into  the 
double  solution.   It  must  be  rejected  when  its  brown  color  changes  to  bluish  green. 

(e)  The  combined  solution  will  cost  amateurs  from  1  to  2  cents  per  ounce  to 
make.    About  4  ounces  will  suffice  for  coating  lUO  sauare  feet  of  paper. 

(d)  If  a  iew  drops  of  strong  ammonia  solution  be  added  to  the  citrate  solu- 
tion, B.  until  tbe  odor  is  quite  perceptible,  the  addition  of  a  saturated  solution 
of  oxalic  acid  in  water  to  the  double  solution  will  basten  the  print- 
IniT  in  cloudy  weatber.  10  per  cent,  of  the  oxatio-acid  solution  will  in- 
crease tbe  rapidity  of  printing  about  2^^  times ;  20  per  cent.,  5  times ;  80  per 
cent.,  10  times;  but  with  more  than  20  per  cent,  it  is  difilcult  to  get  clear  white 
lines.  In  sunlight  the  difference  is  much  less  marked.  (Engineering  News,  Dec. 
15,1892.) 

Art.  4.  (a)  Where  fine  work  is  not  essential,  any  well-sized  paper,  sufiS- 
ciently  toush  to  bear  the  washing,  will  answer.  For  important  work  use  paper 
of  fine  uniform  texture  and  smooth  hard  surface,  free  n'om  injurious  chemical 
substances.  If  the  solution  penetrates  below  the  surface,  a  portion  of  tbe  chem- 
icals may  remain  in  the  paper  in  spite  of  the  washing,  ana  damage  the  result. 
Many  papers  are  made  especially  for  this  purpose.  The  Saxe  (German)  and 
Bives  (French)  papers  are  considered  among  the  best.  Johannot  and  Steinbach 
papers  give  good  prints,  but  are  not  very  strong.  Weston's  and  Scotch  linen 
papers  are  stronger,  and  the  latter  gives  excellent  prints.  Before  sensitizing 
a  large  ouantity  of  paper  of  a  new  kind,  try  a  small  sheet  of  it.  liinen  for  sen- 
sitizing is  also  sold  oy  dealers  in  photographic  material  and  engineers'  supplies. 

Art.  5.  (a)  The  solution  is  applied  (in  the  dark  room  of  course)  to 
one  side  only  of  the  paper.  This  is  sometimes  done  by  '^ floating''  the 
paper  upon  the  solution,  taking  care  that  none  gets  upon  the  back  of  the  sheet. 

•  See  "  Modern  Heliographic  Processes,"  by  Ernst  Leitze ;  D.  Van  Nostrand 
Co.,  New  York,  $3.00 ;  a  work  to  which  we  are  indebted  for  many  valufible  sug- 
gestions. 

"Modern  Reproductive  Graphic  Processes,"  by  Lieut.  J.  S.  Pettit,  D.  Van 
Nostrand  Co.,  Science  Series,  Ifo.  76, 50  cents,  deals  chiefly  with  artistic  photog- 
raphy, lithography,  etc. 

See  also  paper  by  Benj.  H.  Thwaite,  Proc's,  Inst'n  Civ.  Eng'rs,  Vol.  Ixxxvi,  p. 
812,  reprinted  in  Engineering  News,  Nov.  27, 1886. 

t  Not  the  /crrocyanide  or  t/^/Mw  rrussjate. 
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The  paper  ia  held  hj  two  diagonally  oi^xMite  eomen,  and  the  diagonal  Joining 
the  other  two  corners  is  then  allowed  to  touch  the  surface  of  the  fiquid.  Then 
the  two  corners  held  in  the  hand  are  dropped,  first  one  and  then  the  other.  The 

«aper  should  then  be  lifted,  one  half  at  a  time,  to  see  whether  any  air  bubbles 
ave  been  formed  under  it.  If  so.  they  may  be  removed  bv  drawine  over  the 
solution  that  half  of  the  sheet  under  which  they  occur,  while  the  other  half  is 
held  up  from  the  liquid.  One  or  two  minutes  suffice  for  floating,  and  the  paper 
is  then  drawn  out  over  an  edge  of  the  bath,  draining  oif  the  surplus  liouid. 
This  process  requires  a  tray  larger  than  the  sheet,  and  the  inner  surface  of  the 
tray  must  be  not  only  water-proof,  but  also  proof  against  chemical  action  froux 
the  solution.    Considerable  care  is  required  in  the  manipulation. 

Art.  6.  (a)  The  solution  is  usually  applied  bv  means  of  a  soft  wide  bmsh 
(such,  for  instance,  as  those  used  for  wetting  the  leaves  in  letter-copying  books) 
or  a  large  soft  spongr^  entirely  free  from  sand  or  other  grit. 

Art*  7.  (a)  In  applying  the  solution,  the  paper  may  be  laid  upon  a  board  cot> 
ered  with  son  smooth  oil-cloth,  which,  after  each  sheet  is  sensitized,  should 
be  wiped  off,  to  avoid  smearing  the  back  of  the  next  sheet. 

(b)  The  operation  must  be  quickly  performed,  so  that  no  portion  of  a 
sheet  may  become  dry  before  its  entire  surface  has  been  coated.  For  very  large 
sheets  it  may  be  necessary,  for  this  reason,  to  employ  two  persons.  First  cover 
the  sheet  by  strokes  of  the  wet  sponge  or  brush,  moved  in  the  direction  of  the 
length  of  the  paper,  and  then,  imra^iatelv,  by  light  strokes  at  right  angles  to 
these  and  with  the  sponge  or  brush  squeezed  out,  so  that  the  solution  may  be 
uniformly  and  thinly  distributed  over  the  entire  surface.  Wash  out  the  sponge 
immediately  in  the  dark  room. 

Art.  8.  (a)  The  paper  is  then  hung  up  to  dry  in  the  dark  room,  bv  meani 
of  clips,  of  any  convenient  form  and  free  from  iron.  Small  sheets  may  be  hunff 
by  one  corner ;  larger  sheets  by  two  adjacent  corners,  or  by  three  or  more  placM 
(according  to  size)  along  one  edge,  taking  care  to  buckle  this  edge  slightly,  so 
that  the  paper  may  not  he  stretched  in  orylng.  If  the  sheets  are  hung  orer  a 
rod  or  rail  the  solution  will  dry  unevenly  at  the  bend.  In  order  that  the  whites 
in  the  print  may  be  clear,  the  air  should  be  warm,  so  that,  the  paper  may  dry 
quickly  and  the  solution  be  thus  prevented  ftrom  penetrating  it  deeply. 

Art.  9.  (a)  Make  sure  that  the  paper  is  perfectly  dry  before  it  is  nsed 
or  put  away,  and  see  that  it  is  kept  both  dry  and  dark  until  it  is  wanted  for  use. 
If  carefully  prepared  and  preserved  it  will  retain  sensitireness  for  a  long  time, 
but  the  best  results  are  obtained  with  fresh  paper,  and  it  is  best  not  to  keep  it 
more  than  a  month  or  two. 

Art.  10.  (a)  The  tradnfr  paper  or  tracing  cloth  should  be  of  a  bluish 
cast  (a  yellow  paper  delays  printing),  thin  (see  Art.  15,  ).  and  as  nearly 

transparent  as  possible.  It  should  be  preserved,  both  before  ana  after  drawing, 
from  long  exposure  to  light,  which  tends  to  render  it  opaque. 

(b)  Both  before  and  after  drawinjK,  it  should  be  kept  either  flat  or  rolled,  and 
not  folded,  because  folds  render  It  difficult  to  bring  the  drawing  into  perfect  con- 
tact with  the  sensitive  paper  in  printing. 

Art.  11.  (a)  The  dVawlngr  or  tracing  should  be  made  with  the  best 
India  ink,  rubbed  very  black.  The  addition  of  a  little  gamboge  or  chrome  yet- 
low  increases  the  opacity.  Lines  drawn  in  chrome  yellow  and  in  gamboge  print 
well ;  but  Prussian  blue  or  carmine  should  be  rendered  more  opaque  by  the  addi- 
tion of  a  little  Chinese  white  or  flake  white.  Hold  the  tracing  up  to  a  strong 
light,  in  order  to  detect  any  weak  places  in  the  lines. 

Art.  12.  (a)  Printing:  consists  in  exposing  the  sensitive  paper  to  the 
action  of  light,  th6  drawing  being  placed  between  the  light  and  the  sensit'Te 
surface.  The  arc  electric  llKht  prints  more  slowly  than  direct  sunlight,  but 
has  the  advantage  of  constancy  in  all  weathers  and  at  all  hours,  and  of  fixedness 
of  position.    See  Art.  16  (a). 

(D)  Place  the  frame  with  its  face  perpendicular  to  the  rays  of  light,  as  nearly 
as  may  be,  and  see  that  no  shadows,  as  of  trees,  buildings,  etc.,  are  iQlowed  to  faU 
upon  a  portion  of  the  drawing. 

(c)  Ail  handling  of  the  paper,  such  as  cutting  it  to  size  or  placing  it  in  the 
frame,  should  be  done  in  a  weak  light. 

Ari.'lS.  (a)  To  secure  close  contact  between  the  tracing  and  the  sensitire 
paper  (see  Art  15,  )tlieyareusually  placed  in  a  prlntlngr-flranie.  The 


essential  parts  of  an  ordinary  frame  are :  the  frame  proper,  a  plate  of  clear  glass 
for  the  passage  of  the  light,  and  a  padded  back,  which,  by  meann  of  clamps  and 

^inst  the  glass, 
kwh  side  next  to 
5  paper,  with  th€ 
i  placecLin  the  fn 
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springs,  presses  the  two  sheets  closely  together  and  against  the  glass. 

(b)  The  tracing  is  laid  in  the  frame,  with  its  drawn  side  next  to  the  glass 
(but  see  Art  16   b),  and  then  the  sensitive  paper,  with  the  sensitiTe 

side  next  to  the  tracing.    Finally,  the  padded  back  is  placet^in  the  fmune. 
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(«)  Tbe  iMMk  It  often  made  in  two  haWeSt  hinged  together  and  each  proTidod 
with  a  spring,  to  that  one  half  may  be  raised  to  permit  examioation  of  tlie 
progreas  of  the  expogure,  while  the  other  hali^  remainiug  clamped,  holds  the 
traoine  and  the  sensitive  paper  in  position. 

(d)  By  using  a  frame  left  open  at  both  ends  long  strips  of  sensitive  paper  mi^y 
be  used,  a  part  at  a  time,  the  rest  being  rolled  up  at  the  ends  of  the  frame  ai  d 
wrapped  for  protection  from  light. 

(e)  In  any  frame  it  is  important  that  the  glass  be  sufficiently  thick  to  with- 
stand the  pressure  reooired  in  order  to  secure  close  contact  between  the  two 
papers  (see  Art.  15^  below),  of  ezoellent  Quality,  and  free  from  defects  which 
wouM  obstruct  or  unequally  refract  the  light.  The  glass  should  be  careililly 
eleaned  before  printing. 

(f)  improved  forma  of  printing-fntmes  have  rubber  air-cushions  in  place  of 
flannel  pads.  In  others  toe  necessary  pressure  is  secured  by  means  of  a  vacuum 
produced  between  the  tracing  and  the  slass  by  means  of  a  pump. 

(fp)  Printing-frames  are  supplied  by  dfealers.  The  prices,  iuciuding  glass,  Tary 
from  about  $2  for  frames  10  x  12  inches,  to  ^iO  or  $45  for  frames  36  x  60  inches. 
Frames  running  on  rollers,  with  fitting  for  exposing  them  outside  of  windows, 
are  also  furnished, at  prices  varying  with  the  dimensions  and  the  requirements. 

(h)  For  large  blue-prints.  Prof.  E.  C.  Cleaves,  of  Cornell  University,  uses, 
instead  of  a  frame,  a  wooden  cylinder  covered  with  felt  and  revolving  on  its 
axis.  Upon  this  cylinder  the  tracing  and  sensitive  naper  are  stretched  by  means 
of  a  suitable  clamping  device,  and  the  cylinder  is  then  revolved  in  the  sunlight. 
This  method  dispenses  with  the  use  of  g'lass.  It  of  course  requires  a  longer  ex- 
posure than  the  ordinary  method.    {Trans.  Am.  Soc.  Meek.  JEng.,  vol.  viii,  p.  722.) 

(i)  For  still  larger  prints.  Prof.  R.  H.  Thurston  stretches  the  two  papers  u^on 
a  thin  board,  which  is  the^n  sprung  into  a  curve  and  held  in  that  shape,  keeping 
the  papers  in  tension  upon  toe  convex  side.  This  method  also  dispenses  with 
the  use  of  glass,  and,  the  curvature  ot  the  board  and  the  papers  being  but 
Blight,  the  whole  of  the  paper  is  exposed  to  the  light  at  one  and  the  same  time. 
(TVams.  Am.  Soc.  Meek.  Eng.,  vol.  ix,  p.  696.) 

Art.  14.  (a)  Tli«  time  required  for  expiMiire  varies  with  the 
color,  direetoess,  and  intensity  of  the  light,  with  the  thickness  and  opacity  of 
the  tracing  paper,  with  the  blackness  of  the  drawing,  with  the  materials  and 
the  care  used  in  sensitizing  the  paper,  and  with  the  freshness  of  the  latter,  from 
two  or  three  minutes  to  hours  or  even  days.  Roughly,  we  may  say  that  in  full 
eunlight,  in  Philadelphia,  about  three  minutes  ordinarily  suffice  from  noon  to  2 
p.  H.,  and  ten  minutes  at  10  ▲.  m.  or  4  p.  m.;  in  the  shade,  thirty  to  fortv-five 
minutes  at  noon ;  but  no  fixed  rules  can  be  siven.  Experience  must  decide 
in  each  ease.  A  preliminary  experiment  may  be  made  with  a  small  frame.  If 
the  back  of  the  irame  is  in  two  or  more  pieces,  the  process  may  be  inspected  from 
time  to  time. 

(b)  If  perfectlv  opaque  ink  be  properly  used,  the  blue  background  may  be 
printed  very  dark  without  spoiling  the  lines,  but  over-exposure  in  printing  ren- 
oers  the  background  first  blackish  and  then  of  adingy  shade.  See  Art.  17  (c)  and 
<d).  Drawines  in  pale  ink  must  be  printed  very  lightly,  in  order  that  the 

lines  may  remain  white,  and  it  is  best  to  use  with  them  a  weak  light,  or  to  pro- 
tect them  by  tissue  paper  or  ground  glass.    See  Art.  18  (a). 

V  Art.  10.  (a)  To  ootain  perfectly  sharp  impressions,  the  side  of  the  tracing 
upon  which  the  drawing  is  made  should  be  in  immediate  contact  with 
the  sensitized  surface  of  the  blue-print  paper,  especially  if,  as  with  sunlight,  the 
direction  of  the  light  Is  variable ;  for,  if  any  appreciable  distance  intervenes 
between  the  two,  as  in  printing  through  cardboard  (see  Art.  16,  below),  the 
shadows  cast  by  the  lines  of  the  tracing  will  move  over  the  sensitized  surface  as 
the  direction  of  the  light  changes,  and  thus  give  a  blurred  impression.  In  most 
cases,  however,  it  is  practically  out  of  the  question  to  place  the  two  surfaces  in 
this  way,  because  that  position  gives  a  reversed  impression  as  regards  right  and 
left.*  lience  a  thin  tracing  paper  or  linen  is  recommended  in  Art  10  (a).  For 
the  same  reason  it  is  imperative  that  the  two  papers  be  firmly  and  evenly 
pressMl  against  the  glass. 

Art.  16.  (a)  By  using  a  light  which  is  constant  in  position,  relatively  to 
the  surfice  of  the  tracing,  such  as  an  arc  electric  light,  it  is  possible,  by  prolong- 
ing the  exposure  for  hours  or  even  days,  to  obtain  blue-prints  from  draw- 
inara  made  upon  fttontdrawinic  paper  or  even  upon  bristol  board. 

(b)  With  sunlight  the  same  object  may  be  accomplished,  either  by  placing  the 
oriKinal  with  its  back  to  the  glass,  and  the  sensitive  paper  (which  should  be  very 

•  A  pfint,  thus  reversed  in  po.sition,  may  of  course  be  easily  read  by  means 
•f  a  mirror.    This  is  commonly  done  with  Patent  Office  drawings 
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thin)  with  its  back  to  the  sunlight,  or  by  placing  the  printing  frame  in  the  bottom 
of  a  deep  and  narrow  box,  so  that  the  light  can  shine  directly  upon  the  frame 
only  when  approximately  parallel  with  the  long  sides  of  the  box.  To  print 
rapidly,  the  sunlight  must  be  kept  full  upon  the  frame  by  frequently  moving 
the  box. 

Art.  17.  (a)  The  print,  when  sufficiently  exposed,  is  taken  from  the  frames 
and  both  its  race  and  back  are  washed  thoroug^Iily  in  clean  water  until 
the  characteristic  blue  color  is  perfectly  developed. 

(b)  The  washing  should  be  done  in  a  tray  with  a  flat  bottom  larger  than  the 
largest  print  to  be  washed,  and  care  should  be  taken  not  to  inlure  the  surface 
of  the  prints  by  hard  rubbing  or  by  shaip  bending,  or  otherwise.  It  is  better 
to  have  a  circulation  of  water  in  the  tray,  not  only  to  keep  the  water  clean,  but 
also  to  bring  about  the  necessary  agitation  of  the  prints  without  handling  them. 

(c)  The  washing  may  be  hastened, and  dark  or  "over-exposed"  prints  may  be 
lightened  somewhat,  by  having  the  water  warm,  say  at  90°  or  100°  Fahrenheit. 

(€l)  Over-exposed  prints  may  also  be  lightened  by  immersing  them  in  water 
rendered  slightly  alkaline  by  ammonia.  In  this  bath  they  at  once  assume  a 
purple  tint,  which  soon  becomes  weaker.  At  the  proper  moment,  which  must 
Se  learned  by  experience,  the  alkaline  action  must  be  stopped  by  drawing  the 
print  rapidly  through  a  solution  of  1  part  of  hydrochloric  ("  muriatic  ")  acid 
(H.  CU  in  100  parts  of  water. 

(e)  Continue  washing  until  the  water  has  for  some  time  come  off  perfectly 
clear.    Then  hang  the  prints  up  smoothly  to  dry. 

Art.  18.  (a)  After  washing,  the  application  of  a  solution  of  from  1  to  6 
per  cent,  of  hydrochloric  acid^  or  of  oxalic  acid,  in  water,  intensifies  the  blue 
color,  and  is  therefore  useful  in  bringing  out  pale  or  "under-exposed"  prints; 
but  the  prints  must  then  be  afterward  washea  again  in  pure  water.  Hydro- 
chloric acid  applied  before  washing,  or  to  imperfectly  washed  prints,  will  make 
the  lines  show  blue. 

Art.  19.  (a)  To  erase  a  (white)  line  on  a  blue-print,  go  over  the  line  with 
the  sensitizing  solution  applied  with  a  clean  brush  or  gvill  pen.  This  should  be 
done  in  a  weak  light.    Then  expose  the  entire  print  and  re-wash. 

(b)  White  lines  are  added  to  blue  prints,  usually  in  Chinese  white; 
but  the  blue  color  may  be  removed,  showing  the  white  pnper  beneath,  by  apply- 
ing a  saturated  solution  of  concentrated  lye  (caustic  soda  or  potash)  of  of  car- 
bonate of  soda*  or  carbonate  of  potash,  with  a  fine  clean  pen  nearly  dry.  If 
laid  on  too  freely,  it  spreads  rapidly.  Even  if  the  pen  is  perfectly  clean,  the  sur- 
face thus  produced  has  a  yellowish  cast  as  compared  with  the  white  of  the 
paper.  The  carbonate  solutions  act  more  slowly  than  the  lye,  but  not  less 
surely,  and  they  are  not  iniurious  to  the  skin,  whereas  the  lye  burns  badly. 
The  ordinary  lime-water  sold  by  druggists  makes  little  ^r  no  impression  upon 
the  blue  color.  If  red,  instead  of  white,  lines  are  desired,  mix  with  the 
soda  or  potash  solution  ordinary  carmine  writing-ink,  in  such  quantity  (to  be 
ascertained  by  trial)  as  will  give  the  desired  color. 

Art.  20.  (a)  Blue  prints  which  are  to  be  subjected  to  much  handling  should 
be  monnted  upon  cloth,  or  the  prints  may  be  made,  in  the  first  place,  upon 
sensitized  tracing  linen. 

Art.  21.  (a)  Processes  uriwin^  a  white  irronnd.  with  either  blue 
or  black  lines,  are  usually  so  complicated  as  to  be  beyond  the  reach  of  most 
engineers.  Their  results,' also,  are  generally  uncertain,  even  when  applied  by 
experts;  the  background  often  lacking  in  whiteness. 

(b)  Tandylce  paper  (Eugene  Dietzgen  Co.,  Chicago)  and  Madnro 
paper  give  excellent  dark  brown  lines  on  good,  sraooth>  hard  paper.  The 
"  Nigrosine"  and  other  so-called  black-line  prints,  furnished  hy  dealers,  usually 
give  perishal)le  purple  lines  on  a  gray  and  somewhat  glossy  ground,  and  on  brittle, 
unserviceable  paper, 

(e;  Franeis  LeCl^re,  21  North  18th  Street,  Philadelphia,  furnishes  excel- 
lent blaci(-line  prints  to  order  at  10  cents  per  square  foot.  The  lines  are 
perfectly  black  and  permanent,  and  the  prints  are  made  on  good  drawing 
paper,  the  color  and  durability  of  which  are  not  affected  by  the  process.  He 
also  furnisbeM  fine  blue-line  prints,  on  similar  paper,  at  Scents  per  square  foot. 

♦  Either  carbonate  ("washing-soda")  or  bicarbonate  ("baking-soda")  will 
answer. 


y  Google 


PRICE  LIST  AND  BXTBINESS  DIRECTORY. 


PBIOE  LIST  AND  BUSINESS  DIREOTOET. 


For  a  work  of  this  kind,  any  attempt  to  present  a  list  of  exact  or  even  of 
closely  approximate  prices  would  be  useleae.  We  aim  merely  to  give  indica- 
tions of  the  average  costs  or  of  the  ranges  of  cost.  For  actual  quotations, 
apply  to  those  named  in  the  business  directory,  following  the  list  of  prices. 
See  the  numbers  given  in  the  line  or  lines  immediately  following  each  title 
in  the  price  list,  and  referring  to  said  names. 

In  selecting  pames  for  the  business  directory  the  aim  has  been  merely  to 
furnish  a  useful  (though  by  no  means  exhaustive)  list  of  representative 
names.     No  other  consideration  has  been  entertained. 

Abbrerlated  Outline  of  Classification. 

For  principle  of  classification,  see  Bibliography,  p.  lOOS. 

1.0  Materials  and  Elementarv  Shapes. 

1.1  Chemicfds^  etc.    1.13,  Preservatives;  Paints,  Impregnating,  etc.    1.14, 

Explosives. 

1.2  Wood,  Lumber,  Poles,  Posts,  and  Piles. 

1.3  fftone.   Concrete,   Asphalt,   etc.     1.34,   Cement.     1.35,   Brick,   Tile, 

Glass,  ete. 

1.4  Iron  and  Steel.    1.45,  Nails,  Rivets,  Screws,  Bolts,  etc.,  Chains.    1.46, 

Tubes.     1.47,  Wire,  etc. 

1.5  Other  Metals  and  Alloys. 

1.6  Paper.     1.7,  Ropes,  etc.     1.8,  Packings,  Gaskets,  Belting,  Lagging, 

etc. 

2.0  Constructions. 

2.1  Earthwork.     2.12,  Dred^g.     2.13,  Foundations. 

2.2  Masonry.     2.21,  Brick.     2.22,  Stone.     2.23,  Concrete. 

2.3  Metal  Structures.     2.31,   Bridges.     2.32.   Turntables.     2.33,   Tanks, 

Stacks,  etc.  2.34,  Boilers.    2.35,  Fireproofing,  Concrete  Metal  Con- 
struction. 

2.4  Paving.     2.5,  Sewers.     2.6,  Chimneys.     2.7,  Wharves,  Docks,  Har- 

bor Improvement. 

3.0  Machinery. 

3.1  Electrical  Machinery. 

3.2  •     Tools.     3.22,  Machine  Tools. 

3.3  Engines,  Locomotives,  Cars.     3.35,  Water  Engines  and  Motors,  Tur- 

bines.    3.36,  Cars.     3.37,  Wagons. 

3.4  Blowing  and  Pumping  Machinery.     3.44,  Wind  Mills.     3.45,   Hy- 

draulic Rams.     3.46,  Pumps. 
3.6       Hoisting  and  Conveying  Machinery.     3.51,  Power  Transmission. 

3.6  Excavators,  Dredges,  Machinerv  for  Road  and  General  Construction. 

3.65,  Diving  Apparatus.     3.66,  Pile  Drivers.     3.67,  Wells  and  Well 
Driving  Machinery.     3.6S,  Road  Making  Machinery. 

3.7  Heating,  Ventilating,  and  Refrigerating. 

4.0  Engineering,  Surveying,  and  Scientific  Instruments  and  Supplies.  4.1, 
Testing  Machines.  4.2,  Surveying  Instruments.  4.3,  Computing 
Instruments.  4.4,  Drawing  Insts  and  Materials.  4.5,  Heliography. 
4.8,  Testing  Laboratories. 

9.0  Miscellaneous  Supplies  (Arranged  according  to  class  of  work). 

9.1  Railroad  Supplies.  ^ 

9.2  Hydraulic  Supplies.     9.22,  Filters.     9.24,  Water  Meters.     9.25,  Pipe 

and  Hose.    9-26,  Hydrants  and  Valves. 
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PRICE  UST. 

1.0  Blateriali  and  Elementary  Shapes. 

1.1  Chemicals,  etc. 

1.13  PreservatlTes. 

1.131  Coatings,  Paints. 

3^  76,  19a  274.  289.  327,  361.  433.  502,  564,  586.  635. 
Painta,  in  oil,  $1  to  $1.50  per  gal. 
Incts  per  lb: 
Lead:   White,  foreign,  8  to  10;  American,  7.    Red,  foreign,  8;  Ameri* 

can,  6. 
Zinc:   American,  5;  Paris,  9  to  10;  Antwerp,  7  to  8. 
Lampblack.  12  to  14. 
Blue,  Chinese,  40;  Prussian,  35;   ultramarine,  15;  brown,  Vandykeu 

10  to  13.     Green,  chrome,  10  to  12.     Sienna,  burnt  and  raw,  10 

to  13.    Umber,  burnt  and  raw,  10  to  12. 
Metal  coatings,  $1.50  to  $2.50  per  gal. 
Preservatives,  fillers,  oils,  eto.,  25  to  50  ots  per  gal. 
Graphite  pipe-joint  compound,  13  to  20  cts  per  lb. 
Linseed  oil,  60  to  70  cts  per  gal.     Turpentine,  40  cts  per  gal. 
Plain  varnish,  30  ots  per  gal. 
Carbolineum  avenarius,  80  cts  per  gal.     Woodiline  or  spirittine,  25 

cts  per  gal.     Creosote  oil,  1  to  li  cts  per  lb. 

1.18I3  Creosotlng,  Impregnating,  etc. 

48,  63,  133,  149.5.  229,  319,  373.5,  442,  453,  578,  612.5,  634,  663. 

Creo-resinate  and  creosote  process,  13  to  19  cts  per  cu  ft. 

Creosoting,  20  to  60  cts  per  cu  ft  of  material  treated,  depending  chiefly  on 

degree  of  saturation,  and  exclusive  of  cost  of  timber;  ««  $16  to  $50  per 

1000  ft  B  M. 
Kyanizing  (mercury  bichloride  process),  8  to  9i  cts  per  cu  ft. 
Barschall  or  Hasselmann  process,  8  cts  per  cu  ft. 
Wellhouse  (zinc-tannin  process),  12  to  19  cts  per  tie. 
Bumettizing  (zinc  chloride  process),  8  to  18  cts  per  tie. 
The  treatment  of  ties  is  usually  cheaper  per  cu  ft  than  that  of  larger  lumber. 

1.14  Explosives. 

214,  311,  346,  452,  492,  517. 

Gunpowder,  16  cts  per  lb. 

Smokele&s  powder,  60  cts  per  lb. 

Rackarock,  18  to  25  cts  per  lb. 

Dynamite,  13  to  21  cts  per  lb  for  different  grades,  varying  between  20% 

and  75%  nitroglycerine. 
Percussion  caps,  30  to  60  cts  per  M. 
Blasting  machinery,  see  3.231 4  '^ 

Drills,  see  3.23. 

l.!3  Wood,  Lumber,  Timber. 

16.5,  268,  271.  330,  599,  636. 

Lumber,  in  dollars  per  1000  ft  board  measiu«  (B  M) : 

Yellow  pine,  short  leaf,  12  to  13;  flooring,  20  to  35;  long  leaf,  19  to  20; 

flooring.  22  to  25. 
Walnut.  1 10  to  130.     Poplar,  25  to  40.     Ash.  60  to  65. 
Gak.  culls.  20;  common.  28;  plain  sawed.  40;  boards,  60  to  70;  10-inoh 

and  wider.  100  to  125;  plank.  40. 
Hemlock  joists  and  boards,  15  to  20. 
Spruce,  30  to  40. 

Shingles,  cypress,  per  1000,  8  to  11. 
Studding,  joists,  rafters,  etc.,  hemlock,  15  to  18. 
Clearing  and  grubbing,  see  2.11. 
Wood  pipe,  see  9.254.    Ties,  9.14.     PUes,  1.23. 

1.83  Poles,  Posts,  Piles. 

408,  494,  599. 

Piles,  15  to  25  cts  per  linear  ft  of  pile. 

Piling,  round  or  sheet,  30  to  50  cts  per  linear  ft  of  pile. 
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1.8  Stone,  Concrete*  Asphalt,  etc* 

Earthwork,  dredgiiis»  foundations,  see 2.1. 

1^2  Stone. 

92,  368,  388,  393,  620. 

Sand  and  gravel  (within  100  miles  of  seashore),  $1  to  $2  per  ou  yd. 

Broken  stone,  75  cts  to  $2  per  cu  yd. 

Rip-rap,  $1  to  $3  per  cu  yd. 

Trap  rock,  70  cts  per  ton  of  2000  lbs. 

Ordinary  building  stones,  $1  to  $5  per  ou  yd. 

Granite,  $15  to  $45  per  cu  yd 

Slate  roofing,  12  to  25  cts  per  sq  ft. 

1.33  Asphalt. 

17,  51,  61,  272,  437.  444,  449,  559.  649. 
Paving,  see  2.4. 

1.34  Cement. 

22,  23,  30.  64,  86,  97, 101,  106,  149.  170,  177,  179,  227,  252,  258,  310,  326, 

327,  336.  352.  358.  360,  366.  418.  445. 456,  569.  58S,  616,  626.  642,  657. 
Portland  (artincial)  cements,  per  bbl  of  about  400  lbs  gross:  German. 

$2.25  to  $3.00;  American,  $1.10  to  $1.60. 
Rosendale  (natural)  cements,  per  bbl  of  about  300  lbs  net:  From  Rosen* 

dale  Township  and  vicinity,  Ulster  Co.,  N.  Y..  95  cts  to  $1.10;  other 

Rosendales,  75  to  85  cts. 
About  $1  to  $2  worth  of  cement  mortar  required  per  cu  yd  of  masonry  in 

buildings,  $1.50  to  $3  per  1000  bricks. 
Lime,  60  to  00  cts  per  bbl  of  about  250  lbs. 
About  60  cts  worth  required  per  cu  yd  of  masonry  in  buildings.  $1  to  $1 .50 

per  1000  bricks. 
Plaster.  $1 .50  to  $2  per  bbl  of  varying  weight. 
Concrete  construction,  see  2.35. 

1.35  Brick,  Tile,  Glass,  etc. 

Sewer  pipe,  see  9.255. 

1.351  Brick. 

217, 232. 291, 299,  383. 448, 468,  605,  615. 

Paving,  see  2.4. 

Building  bricks,  per  1000:  Salmon.  $5  to  $7t  hard,  $7  to  $9;  stretchers^ 

$9  to  $14;  pressed,  $17  to  $20;  colored,  $20  to  $30;  iron  spota.  $30; 

Pompeiian,  $35. 
Fire-brick,  $20  to  $24  per  M. 
Vitrified  paving  brick,  $15  to  $25  per  M. 
Sewer  pipe,  see  9.255.     Paving,  2.4. 

1.352  Tiling. 

Floors  and  walls,  35  and  40  cts  per  sq  ft  and  apwsrd. 

Tile,  380,  0. 13  to  0.8  ct  per  cu  in  of  material. 

Roofing  tile,  $7  to  $30  or  more  per  square.     1  square  —  100  sq  ft. 

1.353  Glass. 

557. 

American  window.  $  per  box  of  about  50  sq  ft.  Discount,  80%  to  85%. 
"  United  inches" 25  60  80  100 

Sin^e  AA    32  38  49 

Double  AA   43  56  68  88 

SingleA 27  32  45 

Double  A 38  50  62  80 

Single  B 26  30  39 

Double  B 36  46  56  75 

Or,  say.  single  thick,  A  to  i  ct  per  united  in:  double  thick,  i  to  1  ct  per 
united  in:  where  the  number  of  united  ins  equals  the  sum  of  the  two 
dimensions.    Thus,  a  sheet  of  glass  24  X  36  contains  60  united  ins. 
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1.4  Iron  and  Steel. 

^heofhii^h^hit^TO.^'  ^^®'  *^^'  ^^'  ^^'  ^^^'  ^^'  ^^^'  ^^'  *^^'  '^ 

Scrap'iron'and  kteell  $12  to  $19  per  tqn  of  2240  Ibe. 

1.41  Cast  Iron  and  Steel. 

71,  145,  151,  185,  189,  192,  218,  249,  280,  281,  329,  372,  377.  463.2,  612, 

624,  652. 
Cast-iron  pipe,  see  9.251. 
Pie  iron,  per  ton  of  2240  lbs:  Foundry,  $13  to  $15;   Bessemer,  $16;  gray 

forge,  $14;  Lake  Superior  charcoal,  $17. 

1.42  Forged  Iron  and  Steel. 

16,  29,  69,  79,  128,  132,  137,  147,  153,  176,  219,  266,  269,  273,  312.  329, 
341,  343,  463.2,  463.6,  650,  563,  680,  697,  622,  662,  665,  668,  677. 

1.43  Boiled  and  Structural  Iron  and  Steel. 

16,  28,  29,  34,  41,  45,  73,  84,  137.  176,  248,  263,  324,  329,  349,  377,  434, 

435,  466,  647,  560,  571,  606. 
Iron  and  steel,  cts  per  lb : 

Refined  iron  bars  and  steel  bars,  ordinary  sises. " 

Angles,  ordinary  sizes,  T  shapes. 

Beams  and  channels,  structural  shapes. 

Tank  plates,  structural  plates. 

Bessemer  machinery  steel. 
Steel  rails,  $28  per  ton  of  2240  lbs.     Old,  $15. 

1.431  Sheet  and  Plate  Iron  and  Steel. 

38,  41,  44,  73,  84,  189,  263,  324,  329,  382,  395,  435,  463.2,  471.5,  673,  675, 
681. 

Galvanized  iron  sheets: 
Discount,  60%  to  80%. 

Gage,  14  to  17         22         26         28         29         80 

Cts  per  lb,  12  to  13  14  16  17  19         21 

Extra,  for  additional  widths,  36  to  48  in,  1  to  4  cts  per  lb. 
Black  iron,  gage  16,  3  cts  per  lb ;  gage  28,  about  4  cts. 

1.44  Bar  SteeL 

45,  84,  98,  189,  283,  301,  324,  329,  331,  342,  429,  435,  466,  618,  660,  612, 
662. 

1.45  Fastenings. 

28,  309. 

1.451  Nails  and  Spikes. 

40,  44,  45,  170.6,  202,  283,  329,  366,  434.  618,  621,  640. 
Nails,  etc.,  cts  per  lb:  Cut,  2  to  2i;  wire,  2^. 
Spikes,  railway,  li  to  2  cts  per  lb. 

1.452  Bivets. 

28,  40,  81. 123,  154.  170.6,  262,  805,  310,  329,  366,  491,  629,  621. 

1.453  Screws. 

40,  81,  618,  529. 

1.454  Bolts  and  Nuts. 

28,  34,  40,  152,  237,  305,  309,  329,  356,  431,  518,  519,  529. 

Bolts  and  nuts  for  machines,  price  per  100,  square  or  button  heads.  Length 
under  head,  2  ins.     Discount,  70%  to  75%.     See  list,  p.  884. 

Diameter,   ins i  1  i  1 

Price  per  hundred $1 .78  $3.86  $7.70  $16.00 

Extra  per  in  over  2  ins..  0.16  0.52  1.00  1.80 

1.455  Turnbuckles. 

167,  409,  518. 

Open,  price  each.     Discount,  67%. 

Rod,   ins i  1  2 

With  ends $0.80  $1.60         $5.35 

Without  ends 0.60  1.10  3.10 

With  upset  ends,  30%  extra. 
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1.456  Wmshen. 

163,  305.  356,  529. 

1.457  Chains. 

28,  96, 100,  150,  262,  329,  398,  462,  585. 

American  coil  chain: 

Inch..        A         i  I  itoli 

Cts  per  lb 8  6  4  3.6 

1.46  Tubes. 

10,  321.  407.  424,  434,  556.  562.     See  also  9.25.  etc. 

1.47  Wire,  Wire  Bope,  and  Fencing. 
44.  332.  342,  355.  369^  384,  407,  530.5,  621,  623.  646. 
Hoisting  and  conveying  machinery,  see  3.5.  etc. 

1.471  Wire. 

44.  342,  407,  621,  623. 

Cts  per  lb: 

Iron.  Tinnbd.    Cast  Steel. 

Nos.  0to9 2.5  3.7  8.0 

No.  18   4.0  4.6  13.0 

1.472  Wire  Fencing. 

332,  355. 

For  the  simpler  patterns.  30  cts  to  $1  per  rod  (16i  ft),  according  to  style 
and  finish. 

1.473  Wire  Bope. 

36.  44.  369.  384.  646.     See  pages  976.  977.     Discount.  30%  and  71%; 
galvanised,  25%  and  7i%. 

1 JS  Other  Metals  and  Alloys. 

15,  46,  77,  407,  459.  471.5,  483.  609. 
Roll  and  sheet  brass,  random  lengths.     Discount,  20%  to  30%. 

Width  in  ins 2  to  18     18  to  24    24  to  32     32  to  40 

Cts  per  lb 22  to  30     29  to  39     36  to  49     50  to  75 

Extra  quality,  4  to  7  cts  per  lb  extra.     Bronze  metal,  7  cts  per  lb  extra. 
Soft  sheet  copper,  20  to  23  ots  per  lb  net  for  16  ocs  to  the  sq  ft  in  thickness, 

base  sises. 
Lead.  pig.  4.3  to  4.4  cts  per  lb ;  sheet.  6  ots.    Sheet  sine,  6  to  7  cts  per  lb. 

Spelter.  3.75  to  4  cts  per  lb.     Antimony,  9  to  11  cts  per  lb.     Nickel.  55 . 

to  60  cts  per  lb.     Mercuiy,  about  $1.50  per  lb  in  large  lots. 
Tin  plates,  per  box  of  112  lbs: 
American  charcoal  plates,  $6  to  $8. 
American  coke  plates.  B^semer.  $5  to  $7. 
American  teme  plates,  per  box  of  224  lbs,  $10  to  $12. 

1.6  Paper. 

Tar,  2  cts  per  lb,  50  to  70  cts  per  roll  of  108  sq  ft. 
Tarred  felt,  2i  cts  per  lb.     Straw  paper.  If  cts  per  lb. 
Rosin  sised  sheathmg,  30  to  60  cts  per  roll  of  500  sq  ft. 

1.7  Bopes,  etc. 

36,  246. 

Rope,  cts  per  lb:  Manila,  plain  or  tarred,  10  to  12;  Sisal,  7  to  9;  hay,  7  to 

8;  cotton,  9  to  14:  jute,  6  to  7. 
Twine,  7  to  10.     Oakum,  best,  6  to  7. 

1.8  PackinflTt  Gasket,  Beltins,  Laffgins,  etc. 
26,  90,  256,  325,  334,  459,  632. 

Belting,  rubber,  cts  per  in  of  width,  per  ft  of  length:  2-ply,  7.5;  5-ply,' 
13.5;  8-ply,  21. 
Leather: 

Width,  ins...       1  6  12  ^24  72 

Per  ft $0.12      $0.92  $1.88  $4.20  $15.00 

Pipe  jointing  supplies,  see  3.26. 
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!3.0        Constructions. 

Water-works  supplies,  see  9.2.     Railroad  supplies,  9.1. 

2.1  Earthwork,  Dredglnur,  Foundations. 

2.11  Excavation  and  Embankment. 

See  also  pp.  800,  etc. 

Clearing  and  grubbing,  $60  to  $150  per  acre. 

Earth  excavation,  20  cts  to  $1  per  cu  yd.     In  trenches,  $1  to  $5,  according 

to  depth. 
Pipe  trenching,  see  also  pp.  668.  659. 

Embankment,  50  cts  to  $1.60  per  cu  yd.     Rolled,  $1  to  $2. 
Cut  and  fill,  10  to  25  cts  per  cu  yd. 
Sodding,  20  to  40  cts  per  sq  ycf. 

Rock  excavation,  $1  to  $6  per  cu  yd,  depending  on  hardness  of  rook,  tttc. 
Rock  filling,  $1  to  $4  per  cu  yd. 

2.12  Dredging. 

10  cts  to  $1  per  cu  yd,  according  to  length  of  haul,  etc. 
See  also  pp.  631,  6B2. 

2.13  Foundations. 

402,  419,  539,  600. 
Piles,  see  1.23. 

2.2  Masonry. 

2.21  Brick  Masonry. 

$10  to  $20  per  cu  yd.     $6  to  $10  per  1000  +  cost  of  bricks. 
Bricks,  see  1.361. 

2.22  Stone  Masonry. 

Dollars  per  cu  yd :  Rubble,  dry,  2  to  5 ;  in  cement,  3  to  6. 
Ashlar,  7  to  30.     Granite  coping,  30  to  45. 
Plain  cellar  work,  3  to  4. 
Stone,  see  1.32. 

2.23  Concrete  and  Centent  Masonry. 

In  place,  $4  to  $10  per  cu  yd. 

Cement,  see  1.34.     Floors  and  sidewalks,  2.4. 

2.24  Plastering. 

Three-coat  work,  25  to  50  cts  per  sq  yd. 

2.3  *  Metal  Structures. 

146,  215,  600,  603. 

2.31  Bridges. 

28,  70,  76,  91,  143,  146.  160,  161,  167,  190,  215,  216,  218,  328,  339,  344,  378, 
391,  394,  402,  419,  426,  439,  466,  466,  471,  472,  474,  482,  526.  539,  642. 
544,  698,  600,  603,  638.  639,  642.5. 

Riveters,  see  3.27.     Fotmdations,  2.13. 

2.32  Turntables. 

28,  91,  167.  190,  344,  394,  419,  466,  474,  482,  617,  630,  672. 

2.33  Tanks,  Stacks,  etc. 

64,  126,  146,  228,  250,  266,  302,  335,  463.4,  526,  642.  654,  616,  617,  633, 

648 
Pipes,  see  9.25.     Wind  mills,  3.44. 
Stand-pipe,  22  X  60  ft,  including -foundations,  $4000  to  $7000. 

2.34  Boilers. 

21,  66,  180,  257,  266,  288,  294,  302,  335,  464,  467.  525,  546,  579,  617,  638. 

Boilers.     Upright  tubular.     Price  with  base  and  fixtures: 

HP 4  12  30  50 

Dollars 150  226  375  660 

Riveters,  see  3.27.     Engines,  3.3. 
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2.85  Flre-proofl&i:,  Concreie-metal  Construction. 

50.  142.  223,  406.  410.  411,  530.  583. 

Conorete-metal  oonstniction :  Concrete  and  wire,  flooring,  15  to  25  cts  per 
sq  ft,  exclusive  of  floor  beams.  For  covering  columns  and  girders,  10 
cts  per  sq  ft;  if  concreted,  15  cts.  Walls,  70  cts  to  $1.40  per  sq  yd. 
WaO  fumng,  40  to  50  cts  per  sq  yd.    Wire  lathing,  12  to  20  cts  per  sq  yd. 

2.3S  Whanres,  Docks,  Harbor  IntproTement. 

212,  330,  402,  533. 

Excavators,  etc.,  see  3.6.     Cement,  1.34. 

Dredging.  2.12. 

411.583. 

Per  sq  yd.     Macadam.  65  ots  to  $1 ;  briclc.  $1  to  $2;  Belgian  block.  $2  to 

$3;  asphalt.  $2  to  $3. 
Cellar  floors,  $1.25  to  $2;  sidewalks.  $3  to  $5.50.     Cement,  see  1.34. 

9JS  Sewers. 

From  6  to  18  ins  diameter,  dollars  per  ft  run : 
Depth. 

ft   ...        5  10  13  15  17       20 

0.30  to  0.90     0.65  to  1.00     0.Q0tol.20     1.30  to  1.40     1.50    2.00 

Laying  sewer  pipe,  cts  per  ft.  exclusive  of  exeavrnticAs:  15  in.  30  to  60; 

4  in.  20  to  30. 
Brickwork  in  sewers.  $8  to  $12  per  cu  yd. 

2.6  Chimneys. 

181.   • 

2.7  Eooflns. 

Slate,  7  ots  and  upward  per  sq  ft<     Slag,  4  etc.     Tin,  6  to  8  cts.     Shingle. 

10  cts. 
Skylights,  complete  and  erected,  50  cts  per  sq  ft  and  upward. 

3.0        machinery. 

Testing  machines,  see  4.1.  Surveying  instrumwits,  4.0.  Miscella- 
neous. 0.0. 

a.l  Electrical  Machinery. 

253,  267,  454,  591,  660. 

Power   transmission,  mechanical,    see   3.51.     Blasting  apparatus.     See 
3.231. 
3.2  Tools,  Machine  Tools. 

Road-making  machinery,  see  3.68.     Pile  drivers.  3.66 

3.21  Small  and  Wood  Tools. 
53.  240.  498.  589. 

Shovels,  see  3.62. 

3.22  Machine  Tools. 

103.5,  375,  451,  498,  552.5»  674. 

3.23  Drills. 

32,  121, 148.  159,  194,  306,  315,  346,  400.  478,  481,  510,  531, 596.  605. 

Air  compressors,  see  3.43.     Explosives,  1.14. 

Rock  drills,  percussion : 

Diam  cylinder,  ins 

Length  stroke,  ins 3| 

Depth  hole,  ft H  10  to  15         20  to  30 

Bottom  diam  hole,  ins 1  li  2\ 

Boiler  H  P  required 3  10  15 

Price,  complete $150  $300  $450 

Rock  drills,  diamond  (rotary).     Discount.  10%. 

Depth  hole,  ft 4000     1500         1000  600       400 

Diam  hole,  ins 2A       2t«jj  2A  lA        lA 

Diam  core,  ins 2  1^  It  1  1 

Boiler  H  P  required 25         15        12  to  15       10       hand 

Card  price,  dollars 4000     2500         1900         1400      425 

Pumo.  extra,  dollars 3400        2800         1900 
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8.931  BlasUnff  Maohineir* 

346, 492. 

Blastinjf  machine : 

To  fire  20  to    30  holes $25 

To  fire  76  to  100  holes 75 

Connecting  wire,  40  cts  per  lb. 
Leading  wire,  1^  cts  per  ft. 

3.94  PreMM. 

172.  242.6,  646. 
3.25  Punches,  Shears. 

74.  375. 
3.96  Pipe-cuttinff,  TappiniT*  and  Jointing  Machinery* 

3.261  Cutters. 
404.641. 

3.262  Tappers. 

224,  466.6,  663. 

For  dry  pipe,  $20  to  $30  each.     For  pipes  under  pressure,  $100  to  $200 
each. 

8.263  Jointers. 

643 

2-in.  $2  each;  12-in.  $9;  86-in.  $16;  72-in.  $44. 

3.27  RlTeters. 

12,  16,  292,  478.  674. 

8.3  Engines,  LiocomotiTes,  Cars. 

Pumps,  see  3.4.     Koad  rollers,  3.681.  Boilers,  2.34. 

Portable  engines: 

H  P                  Ctlindbr.  Boiler  Diam.            Pricb. 

10                     7  X    8  ins  29  ins                    $600 

26                    9X10     "  36     ••                       860 

60                    13X15     "  44     "                      1300 

3.31  Stationary  and  Hoistinur  Engines. 

33,  126,  136,  171.4,  200.  204,  231,  234.  241.  261,  267.  269,  333,  364.  370, 
397,  427,  612,  636,  646.  672,  602. 

Hoisting  en^es: 

Single  cylinder,  friction  drum,  but  no  foot  brake,  4  to  6  H  P,  $260  to  $400. 
Double  cylinder: 

12  HP     20HP     60HP 
Friction  drum  and  foot  brake,  or  re- 
versible        $600       $1100       $1300 

Same,  with  boiler 1000         2000         3000 

2-winch  engine 600  100         1300 

6-winoh  engine 900  1400 

Single  cylinder  stationary  engines: 

HP 12  30  60  100  200         300 

From    $300         $460         $660      $1100       $2000     $3100 

To 450  600  800         1400         2000      3400 

With  base,  about  10%  extra. 

Portable  engines  on  wheels,  complete,  6  to  16  H  P,  $700  to  $1600. 

3.32  Liocomotiyes. 

102,  103,  124,  171.6,  199,  371,  387,  486,  493,  620,  624,  643. 

3.33  Gas  and  Gasoline  Engines. 

47,  67. 172.2,  184,  247,  416, 440,  463.4,  681.  684,  693,  696,  601,  661,  674. 

3.34  Oil  Engines. 

500. 

3.35  Water  Engines  and  Motors,  Turbines. 

18,  67,  365. 469,  614,  622,  565,  690,  610,  633.  674. 
Water-works  supplies,  see  9.2.     Pumps,  3.4. 

3.36  Cars. 

29,  63.6.  102. 108.  278,  351,  406,  486,  499,  609.  671,  672. 
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8.37  Wasons. 

160,644. 
3*4  Blowing  and  Pumping  Machinery. 

3.41  Blowers,  Forges. 
672.604. 

3.42  Mechanical  Draft. 
604. 

3.43  Air  Compressors. 

47,  166,  170^,  316,  346,  363,  400,  443,  467.  610,  662,  667,  694,  606. 

3.44  Wind  Mills. 

260,  633. 

8.45  Hydraulic  Barns. 

207,  266.  497. 

Drive  pipe: 

Diam,  ins 1  2  4  6 

Dollars,  net 6  to  7         10  to  12         36  to  40        60  to  70 

Certain  manufacturers  make  much  heavier  and  more  elaborate  machines 
at  several  times  these  prices. 

3.46  Pumps. 

20.  68,  69.  62.  82,  83.  129,  182,  188.  186.  187.  188.  200,  208,  221,  222,  231, 
261,  279,  284.  296,  297.6.  303,  319.6,  320.6,  346,  348,  363,  369.  396.  423, 
603,  604.  607.  508,  522,  532,  638,  651,  556,  667,  668,  672.  694.  674,  676. 

Prices  in  dollars  each : 


Capacity  in  gals 

per  min 6 

20 

100 

600 

Single  cylinder: 

Boiler  feed  . .  50 

200 

400 

Tank  and  low 

lift    

150 

350 

600 

Duplex: 

High  pressure 

250 

760 

Low  pressure 

150 

500 

Centrifugal  . 

60  to  75 

80  to  176 

2600  10,000 


200  to  460    800  to  1300 
3.5  Hoisting  and  Conyeyingr  Machinery. 

234,  257.  344,  370,  373,  522. 
Electrical,     see    3.1.     Exes 

3.31.     Cars,  3.36.     Wire  rope,  1.473. 


ig    machinery,    3.6.     Hoisting    engines. 
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3.51  Power  Transmission. 

173,  205,  373. 
3.513  Cranes,  Derricks. 

33,  67,  104.  136,  140,  148,  171.4.  204,  293,  314,  333,  344,  674. 

3.53  Pulley  Blocks  and  Trucks. 
89,333. 

3.54  EleTators,  Hoists. 

65.  88,  148,  171.4,  322,  370,  373,  390.  441. 

Hoisting  crabs  on  winches,  1  to  2i  tons  capacity,  $35  to  $100. 
Differential  hoists,  i  to  3  tons  capacity,  $10  to  $15  to  $40  each. 

3.55  Jacks. 
148.  211.  455,  645. 

3.56  Tramways,  Conveyors. 

66,  88,  104,  127,  171,  251,  307,  322,  333,  344,  861,  364,  369,  370,  373.  406. 
441.  627. 

Track,  see  9.1.     Cars.  3.36.     Wire  rope,  1.473. 

8.6  Excavators,  Dredges,  Road  and  General  Construction 

Machinery,  etc. 

Hoisting  and  conveying,  see  3.6.  Wagons,  3.37.  Hoisting  engines, 
3.31.  Drills.  3.23.  Explosives.  1.14.  Excavation  and  embankment, 
2.11. 
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3.61  Excavators. 

67, 107,  333,  389,  406,  613,  618,  678. 

Z»6Z  Trenchlni:  Machinery. 

67. 139,  333,  389,  421,  496. 

3.63  Scrapers,  Plows,  etc. 

127,  160.  333.  558,  607,  658. 

Wheeled  scrapers.     Discount,  20%.     $40  to  $60  each. 

Drag  scrapers.     Discount,  50%  to  60%. 

Ordinary.  $10  to  $15  each.     Fresno  or  back.  $35  to  $40  each. 
Plows.     Discount  20%. 

Horses   2 

Each,  dollars,     15  to  30 
Hardpan  plow,  $70. 

3.64  DredginiT  Machinery. 

52,  67.  94,  107,  222,  241,  293,  389,  447,  463,  539,  566. 
Pumps,  see  3.4. 

8.65  DiyinK  and  Divlns  Apparatus. 

236,  425,  546. 

Air  pumps.     Discount  10%.     Each,  $125  to  $400,  according  to  depth. 

Helmets,  $100.     Rubber  suits,  40.     Weights,  underwear,  line,  tubing,  re* 

pair  materials,  etc.,  per  outfit,  $110  to  $145. 
Complete  outfit:  Deep  sea.  $700  to  $750;  moderate  depths.  $550  to  $600: 

shallow  water,  $350  to  $400. 

3.66  Pile-driying  Machinery. 
136,  314,  333. 641. 

3.67  Wells  and  Weli-dririnK  Machinery. 

47, 171.8.  282.  480,  484,  666. 
Drills,  see  3.23. 

3.68  Boad-making  Machinery,  etc. 

13,  39,  160,  545. 

Rock  drills,  etc.,  see  3.23. 

3.681  Boad  Boilers. 
110,  230,  290,  295,  320.  333,  337,  545. 

3.682  Concrete  Mixers. 

164,  171.2.  209.  230,  245.  260,  320,  333,  611,  545. 
Each.  $225.  $500  and  upward  to  about  $1250. 

3.683  Bock  and  Ore  Cmshers. 

55. 105. 155, 160. 194,  238,  264,  275.  333,  346,  390,  513.  658,  664,  680. 

Receiving  Capacitt,  H  P  Price. 

Capacity,  Tons  per  Required.  Dollars. 
Inches.                   Hottr. 

UX3                    Hand  30 

7  X  10                  4  to  6  8  to  10  500 

10  X  20  12  to  15  18  to  20  1000 

13  X  60  40  to  50  40  to  50  4000 

24  X  72  160  to  200  150  to  180  13000 

8.7  Heating,  Ventilating,  and  Befrigeratlng. 

26,  318,  604. 

4.0  Engineering,  Surveying*  and  Scientific  Instruments  and 

Supplies. 

14,  68,  72.  99.  120.  196.  201.  239,  243.  285,  297,  304.  340,  347,  360,  364,  367, 
386, 473,  601,  606,  523,  528.  569.6,  682,  626,  667,  679. 

Prices,  see  below. 

4.1  Testing  Machines. 
235,  460,  476,  521. 

4.3  Surveying:  Instruments. 

Dealers,  see  4.0.     Prices,  see  below. 
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4.21  Transits.  Plane  Tables,  Compasses,  etc. 

Transits,  plain,  $150  to  $200.  Engineers',  oomplete,  $200  to  $300.  Min- 
ing. $200  to  $300  and  $700.     Mountain,  $150  to  $300. 

Theoaoiites  and  portable  alt-azimuth  astronomieal  instruments,  $500  to 
$1000. 

Solar  attachments,  $50  to  $70.  Sextants,  $60  to  $150.  Pocket  sextants, 
$50. 

Plane  tables,  complete,  $150  to  $300.    Compasses,  pocket,  $10  to  $25. 

4.22  Levels. 

EngineersMevels,  $100  to  $200.    Hand  levels,  $5  to  $1S;  usually  about  $9. 

4.23  Bods,  Tapes,  etc. 
381,  450. 

Leveling  rods,  $13  to  $16  each.     Range  poles,  $2  to  $5. 
Tapes,  from  5  to  10  cts  per  ft,  depending  upon  graduation  and  length. 
Chains,  8  to  12  cts  per  ft. 
4.29  Ittiscellaneous. 

Current  meters,  $65  to  $100.     Direction  meters,  $200  to  $250.     Velocity 

register  and  timepiece,  $50  to  $60. 
Hook  gages,  $15  to  $60. 

4.3  Computins  Instruments. 
317. 

Planimeters,  $25  to  $125. 

Slide  rules,  plain  Mannheim,  $1  to  $5;  other  forms,  $1  to  $50. 

Computing  machines,  $100  to  $300. 

4.4  Drawing  Instruments  and  Materials. 

24,  201,  243,  340.  386,  506,  569.5.  667. 

Drawing  instruments,  $10  to  $30  per  set,  very  elaborate  sets  as  high  as  $60 

and  even  $100.     Drawing  pens,  $1  to  $3  each.     Compasses  (<&awing). 

$3  to  $9.     Dividers,  $2  to  $4 .50. 
Triangular  boxwood  scales,  ordinary,  12  ins  long,  $1  to  $3. 
Metal  straight  edges,  36  ins  long,  $4  to  $5;  shorter,  as  low  as  $1.50. 
T-squares,  36  ins,  with  celluloid  edges,  about  $2.25;  wood,  $1  to  $2.40; 


steel,  $7  to  $10^  usually  with  adjustable  angle. 
Triangles,  celluloid,  f  ' 


,  6  ins,  50  cts;  12  ins,  $1.10.     French  curves,  celluloid, 

50  cts  to  $1.50. 
Protractors,  German  silver.  4  ins,  50  cts  to  $1.50;  6  ins,  about  $3;  with 

arms,  6  ins,  $9;  8  ins,  $20. 
Drawing  inks,  25  cts  per  bottle. 

4.5  Heliofraphy. 

363,  438,  569.5,  573. 

Black-line  prints,  Le  Clare's,  10  cts  per  sq  ft.     Nigrosine,  8  cts. 

Blue  prints,  3  cts  per  sq  ft. 

Blue-print  paper,  30  ins  wide,  10  to  20  cts  per  yd. 

Blue-print  frames,  hand,  from  $2  for  10  X  12  ins  to  $40  for  80  X  60  ins. 

4.6  Tents,  etc. 


428.  637. 

Wall  tents.     Discc 

)unt,  55%. 

Size, 

Heiqht, 

8-oz. 

15-oz. 

Ft. 

Ft. 

Duck. 

Duck. 

9X9 

7i 

$11 

$25 

12X12 

8 

15 

35 

18X24 

11 

44 

95 

24X28 

13 

105 

206\ 

30X70 

15 

266 

515/ 

U  B  folding  canvas 

cot,  $1.50  to  $2. 

I  roped. 


4.7  Drawing  Tables. 

19,  226,  357. 

4.8  Testing  Laboratories. 
308,  399,  488. 

9.0  Miscellaneous  Supplies. 

9.1  Railroad  Supplies. 

108,  158,  202,  300.  351.  405,  479,  508.5,  655.  664.5.  672. 

Bridges,    see   2.31.     Earthwork,   2.1.    Locomotives,   3.32.     Cars,    3.30( 


Tramways,  3.56.  r^^^^T^ 
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9.11  Balls. 

45.329,434,472,495. 

Steel  rails,  $28  per  ton .     Old,  $15. 

9.12  Joints. 

87,  128.  170.8,  329.  461,  653. 
1.5  to  2.5  ets  per  lb. 

9.13  Switches,  Frogs,  and  Signals. 

60, 158,  225, 286,  472,  509, 587, 611,  628,  656, 664.5, 672. 

9.14  Ties. 
66. 494.  599.  636. 

White  oak,  50  to  70  cts  each;  chestnut,  35  to  45;  yellow  pine,  45  to  65. 
Tie  plates,  5  to  15  cts  each. 

9.15  Spikes. 

202,  283,  329,  356,  518,  640.     H  to  2  cts  per  lb. 
9.2  Hydraulic  Supplies.  ^.  .  .  . 

Gaskets,  see  1.8.,    Stand  pipes,  tanks,  2.33.    Pipe-cuttmg,  tapping,  and 
jointing  machines.  3.26. 

9.21  Water-softening  Plants. 
313, 654. 

9.22  Filters. 

193, 288.  376,  385, 446,  534,  542. 

9.23  Water-wheel  Governors. 
374. 

Water-wheels,  see  3.35. 

9.24  Water  Meters. 

109,  122.  244.  298,  432.  436.  487.  590,  614.  629.  676. 

AU  types  (except  piston ;  see  below) : 

Nom'l  diam,  pipe,  ins ♦  or  i      1  3  6  12 

Dollars  each,  from 9         18  95        ^         1000 

«*     "   to 12    26    125    600    1500 

Reciprocating  piston  meters,  about  50%  more. 

Venturi  meters,  see  pp.  532,  etc.     Current  meters,  4.29. 

9.25  Pipe. 

37, 95, 169.  206.  862,  490, 614. 
Pipe-cutting  machinery,  etc.,  see  3.26. 
Pipe  laying,  see  pp.  668,  659. 
Lead-  and  tm-lined  iron  pipe : 

Lbad-unbd,  5  Cts  per  Lb.  Tin-mnbd,  10  Ore  pbr  La. 

Discount,  25%  .10% 

SlZB  P«^<S_  ^^'mt, 

IN  Ins.  ^ii?o?^-  ^Sf  KK 

1  $0.30  $0.66 

2  0.65  1.35 
4  1.72  3.00 
6                                    3.28                                      4.25 

Block  tin  pipe,  35  cts  per  lb. 

Seamless  brass  tubes,  base  price.  20  to  25  ctsper  lb.  Extras,  see  p.  919. 
Spiral  riveted  pipe,  in  dollars  per  Imear  ft.     Discount,  40%. 

DiAM  Ins              Bi^aok.               Asphautkd.  Qaltanized. 

'                         Thickness.  0.022  in.  ^  ^ 

3                         0.20                         0.23  0.80 

6                        0.33                        0.39  0.60 

12                         0.68                         0.80  1.05 

Thickness,  0.049  in. 

3                         0.34                         0.37  0.46 

6                         0.57                         0.63  0.85 

12                         1.15                          1.27  1.65 

Thickness,  0.109  in.  -  .^ 

6                         1.25                         1.31  1.90 

12                         2.60                         2.62  3.26 

24                          4.70                          4.94  6.26 
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•.S51  Cast-iron  Flpe. 

29,  162.  203,  254,  270,  392,  416,  630,  640,  647.  674. 

Caat-iron  water  pipe,  $24  per  ton.    Pipe  and  laying,  $30  to  $35  per  ton. 
See  also  pp.  658,  659,  875,  876. 
9.2S2  Steel  Pipe. 

II,  42,  138,  270,  403,  469,  542. 
Steel  pipe,  4  ots  per  lb  at  works. 

9.953  WrouKht-lron  Pipe. 

424,434. 

Wrought-iron  pipe,  per  ft.     Discount,  li-in  and  smaller,  50% ;  2-in  and 
larger,  60%.    Prices,  see  p.  882. 
9.»54  Wood  Pipe. 

Prices  in  ots  per  ft: 

Inner  diam,  ins..   1  3  6  10  16  30  84 

Plain,  square  ...  5  15  -M 
Plain,  round....  5  20  45 
Strengthened  for 

401bsper8qin.l2        25        50 
160  "    •'  "    **.18        30        70 
Woodstave  pipe, 

401bspei'sqin.  50  90        200        350         1200 

160 70         140        270 

•.3ff5  Sewer  Pipe,  etc. 

31,  80, 130, 176,  197,  232,  291,  416,  420,  448,  608,  619,  681. 
Sewer  pipe.     Discount,  70  to  80%.     Prices,  see  p.  675. 

9.956  Hose. 

90. 

Water  hose,  price  per  in  of  internal  diameter,  per  ft  of  length : 

2-PLT  4-PLT  6-PLT 

$0,333  $0.50  $0.75 

Other  plies  at  nearly  proportional  rates. 
Air,  hot  water,  and  steam  hose,  price  per  in  of  internal  diam,  per  ft  of 
length: 

4-PLT  6-PLT  8-PLT 

$0.83  $1.24  $1.66 

Other  plies  at  nearly  proportional  rates. 
9.M  Hydrants  and  Talves. 

93,  141,  144,  162,  165,  166.  172.8,  210,  220.  254,  323,  338,  379,  401.  412, 
458,  489,  490,  514,  516.  563,  615,  627,  669. 

Gate  valves,  iron  body,  bronse  mounted,  bell  or  spigot  ends.     Discount, 
40%. 

Diam.  ins 4  6  12  18  24  36  48 

Dollars  each....  20        30        90 '       200        350        900        2000 

Single  gate,  iron  body,  low  pressure  steam  and  water.     Discoimt,  40%. 

I»am,   ins 4  6  12  18  24  48 

Screw  ends $16         $26         $85 

Flange  ends  • 20  30  80        $160        $280      $1600 

Double  gate,  iron  body,  brass  mountings,  steam  or  water.     Discoimt,  55% . 

Diam,   ins 2  4    '  6  12 

Screw  or  flange $10  $20  $30  $100 

Double  gate,  iron  body,  composition  or  bronce  mounted,  for  heavy  pres- 
sures utbout  500  lbs  per  sq  in) : 
Diam,  ins  ...:...      2  4  6  12 

From   $10      $20  $36  $90  Discount,  75% 

To 16        30  60  150  Discount,  60% 

Double  gate  valves,  all  bronae.     Discount,  50%. 

Screw  ends $1.40    $2.35         $6.25      $34.00  $76.00 

Flange  ends $3.40      4.15         11.00       43.00  88.00 

Fire  hydrants.     Discount,  30%.     5l-in  stand  pipe,  $38;  6i-in,  $47. 

Compression  fire  hydrants.     Discount,  20%.     Length  from  pavement  to 
bottom  of  connections,  5  ft.  1  to  2i-in  no««les,  $28 ;  2  to  2i-in,  $33.  Add 
or  deduct  $1  for  each  6  ins  difference  in  height  from  6  ft.     2i-in  noixlcs, 
$2.     Frost  case,  $5. 
9.27  Antl-buntins  Devices. 
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10  Abb^,  Max  F.—  Mfg.  Co.,  220  Broadway,  New  York.         '  ^'~  •-« ' 

11  Abendroth  &  Root  Mfg.  Co..  99  John  St.,  New  York.  "    ';'  '" 

12  Acme  Machinery  Co.,  Bolt  and  Rivet  Headers,  Cleveland,  Ohio. 

13  Acme  Road  Machinery  Co.,  PVankfort,  N.  Y. 

14  Ainsworth.  Wm. —  &  Sons,  Pocket  Transit,  Denver,  Col. 

15  Ajax  Metal  Co.,  Bearings,  Ingots,  Philadelphia. 

16  Albree,  Chester  B. —  Iron  Works,  14  to  30  Market  St.,  Allegheny,  Pa 
16.5  Albro,  E.  U. —  Co.,  Hardwood  Lumber,  Cincinnati,  Ohio.^ 

17  Alcatraz  Co.,  Alcatraz  Asphalt,  Crocker  Bldg.,  San  Francisco,  Cal. 

18  Alcott's  High  Duty  Turbine  Water-wheel,  Mount  Holly,  N.  J. 

19  Alexander,  J.  S. —  Mfg.  Co.,  Grand  Rapids,  Mich. 

19.5  Alli.s-Chalmers  Co.,  Milwaukee,  Wis. 

20  AUis,  Edward  P.—  Co.,  Milwaukee,  Wis.     See  19.5. 

21  Almy  Water-tube  Boiler  Co.,  178  to  184  Aliens  Ave.,  Providence,  R.  I. 

22  Alpha  Portland  Cement  Co.,  Easton,  Pa. 

23  Alsen's  German  Portland  C-ement,  143  Liberty  St.,  New  York. 

24  Alteneder,  T.—  &  Sons,  Philadelphia. 

25  American  Belting  and  Packing  Co.,  35  Warren  St.,  New  York.   * 

26  American  Blower  Co.,  Detroit,  Mich.  'Cf 

27  American  Brake  Shoe  Co.,  Chicago.  .•■m  / 

28  American  Bridge  Co.,  100  Broadway,  New  York.  '  "ift'Il  <)*• 

29  American  Car  and  Foundry  Co.,  St.  Louis,  Mo.  '     "  '***? 

30  American  Cement  Co..  22  S.  Fifteenth  St.,  Philadelphia. 

31  American  Clay  Mfg.  Co.,  Akron,  Ohio. 

32  American  Diamond  Rock  Drill  Co.,  120  Liberty  St.,  New  York. 

33  American  Hoist  and  Derrick  Co.,  St.  Paul,  Minn. 

34  American  Iron  and  Steel  Mfg.  Co.,  Lebanon,  Pa. 

34.6  American  Locomotive  Co.,  25  Broad  St.,  New  York. 

35  American  Lucol  Co.,  44  Broadway,  New  York.  '~ 

36  American  Mfg.  Co.,  65  Wall  St.,  New  York. 

37  American  Pipe  Mfg.  Co.,  112  N.  Broad  St.,  Philadelphia. 

38  American  Pressed  Steel  Co.,  333  Walnut  St.,  Philadelphia.         ;: 

39  American  Road  Machine  Co.,  Kennett  Square,  Pa.  *^ 

40  Anieriean  Screw  Co.,  Providence,  R.  I.  a»i'- 

41  American  Sheet  Steel  Co.,  Battery  Park  Bldg.,  New  York. 

42  American  Spiral  Pipe  Works,  64-66  Waba.sh  Ave.,  Chicago. 

43  American  Steam  Gage  Co.,  Jamaica  Plain,  Boston.  ■''-■* 

44  American  Steel  and  Wire  Co.,  Chicago  and  New  York. 

45  American  Steel  Hoop  Co.,  Battery  Park  Bldg.,  New  York.  |.i 

46  American  Tin  Plate  Co.,  Battery  Park  Bldg.,  New  York. 

47  American  Well  Work-s  Aurora,  111. 

48  American  Wood  Preserving  Co,,  806  Chestnut  St.,  Philadelphia. 

48.5  Anti-bursting  Pipe  Co.,  Pneumatic  Dome  to  Prevent  Bursting  from 
Freezing,  Standard  Bldg.,  Pittsburg,  Pa. 

49  Ash  ton  Valve  Co.,  Pop  ^'alves,  etc.,  Boston. 

50  As.sociated  Expanded  Metal  Cos.,  New  York,  Phi  la.,  Chicago,  etc. 

51  Assvrian  Asphah  Co.,  Chicago. 

52  Atlantic  Gulf  and  Pacific  Co.,  Park  Row  Bldg.,  New  York. 

63  Atlantic  Works,   Incorporated.   Wood-working  Machinery,  Twenty- 
third  and  Arch  Sts.,  Philadelphia.  ■     i 
53.5  Atlas  Car  and  Mfg.  Co.,  Cleveland,  Ohio.                             "i    .m^H 

54  Atlas  Portland  Cement  Co.,  143  Liberty  St.,  New  York.      i'>  Wipr 

65  Au^tir:    r.  r       V^.    fV,  .  Tl:n  vrv,  Tl!.  .-^^  „(d, 

56  Babcock  &  Wilcox  Co.,  29  Cortlandt  St.,  New  York. 

67  Backus  Water  Motor  Co.,  Newark,  N.  J. 

58  Bacon  Air  Lift  Co.,  100  Broadway,  New  York. 

69  Baldwinsville  Centrifu«U  Pump  Works,  Syracuse,  N.  Y. 

60  Baltimore  Enamel  and  Novelty  Co.,  Signals,  Baltimore,  Md. 

61  Barber  Asphalt  Paving  Co.,  11  Broadway,  New  York. 

62  Barr  Pumping  Engine  Co.,  Germantown  Junction,  Philadelphia. 

63  Barschall  Impregnating  Co.,  31  Nassau  St.,  New  York. 

64  Bartlett,  Hayward  &  Co.,  Baltimore.  Md. 

65  Bartlett.  C.  O.—  A  Co.,  Cleveland,  Ohio. 

66  Baxter,  G.  S.—  A  Co.,  18  Wall  St.,  New  York. 

67  Beatty,  M. —  &  Sons.  Welland,  Ontario. 

68  Beckmann,  L. — ,  Toledo,  Ohio. 

69  Belden  Machine  Co.,  New  Haven.  Conn.  ^  , 
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70  Belief ontaine  Bridge  and  Iron  Co.,  Belief ontaine,  Ohio. 

71  Belle  City  Malleable  Iron  Co,,  Racine,  Wis. 

72  Berger,  C.  L. —  A  Sons,  Boston. 

73  Berger  Mfg.  Co.,  Sheet  Flooring.  Canton,  Ohio. 

74  Berlin-Erftirt  Machine  Works.  66  and  68  Broad  St.,  New  York. 

75  Berlin  Iron  Bridg[e  Co.,  East  Berlin,  Conn. 

76  Berry  Bros.,  Limited,  VarniBhes,  Detroit,  Mich. 

77  Bethlehem  Steel  Co..  South  Bethlehem,  Pa. 

79  Billings  A  Spenoer  Co.,  Hartford,  Conn. 

80  BUckmer  &  Poet  Pipe  Co.,  St.  Louis,  Mo. 

81  Blake  &  Johnson,  Waterbury,  Conn. 

82  Blake,  George  F.— Co.,  91  Liberty  St.,  New  York. 

83  Bliss,  E.  W.—  Co.,  Brooklyn,  N.  Y. 

84  Boker.  Hermann  —  &  Co.,  103  Duane  St.,  New  York. 

86  Bonneville  Portland  Cement  Co.,  1307  Heal  Estate  Trust  Bldg.,  Phila. 

87  Bonzano  Rail  Joint  Co.,  22  S.  Fifteenth  St.,  Philadelphia. 

88  Borden   &  Selleck  Co.,  ChieaKo. 

89  Boston  and  Lockport  Block  Co.,  146  Commercial  St.,  Boston. 

90  Boston  Belting  Co.,  256  Devonshire  St.,  Bo.ston. 

91  Boston  Bridge  Works,  70  Kilby  St.,  Boston. 

92  Bound  Brook  Stone  CrushinR  Co.,  Trap  Rock,  Bound  Brook,  N,  J. 

93  Bourbon  Copper  and  Brass  Works,  618  and  620  E.  Front  St.,  Cin..  O. 

94  Bowers,  A.  B.— .  Hydraulic  Dredging,  First  Nat.  Bank  Bldg.,  San 

Francisco,  Cal. 

95  Bowes  &  Co.,  23  Lake  St.,  Chicago.  '     '    '  '  (  >f  /  uihu  » 

96  Bradlee   <^  Co.,  Philadelphia.  ..../...  i     , 

97  Bradley  Pulverizer  Co.;  Boston.  ' 

98  Braeburn  Steel  Co..  Braeburn.  Pa. 

99  Brandis,  F.  E.—  Sons  &  Co  ,  812  Gates  Ave.,  Brooklyn,  N.  Y.     ' 

100  Bridgeport  Chain  Co.,  Bridgeport,  Conn. 

101  Brier  Hill  Iron  and  Coal  Co.,  Youngstown,  Ohio. 

102  Brill,  J.  G.—  Co..  Philadelphia. 

103  Brooks  I^ocomotive  Works,  Dunkirk,  N.  Y.     See  34.5. 
103.5  Brown  &  Sharpe  Co.,  Providence,  R.  I. 

104  Brown  Hoisting  Machinery  Co.,  Incorporated.  Cleveland,  Ohio. 

105  Buchanan,  C.  G.— ,  141  Liberty  St.,  New  York. 

106  Buckeye  Portland  Cement  Co.  Bellefontaine,  Ohio. 

107  Bucyrus  Co.,  South  Milwaukee,  Wis. 

108  Buda  Foundry  and  Machine  Co.,  Hand  Cars,  Crossing  Gates,  Harvey, 

111. 

109  Buffalo  Meter  Co.,  363  Washington  St .,  New  York. 

110  Buffalo  Pitts  Co.,  Buffalo.  N.  Y. 

120  Buff  &  Buff,  Transits  and  Levels,  Boston. 

121  Bullock,  M.  C—  Mfg.  Co.,  Diamond  Drills,  Chicago. 

122  Builders*  Iron  Foundry,  Venturi  Meter,  Providence,  R.  I. 

123  Burden  Iron  Co.,  Troy,  N.  Y. 

124  Bumham,  Williams  &  Co.,  Baldwin  LoconiotiTe  Works,  Philadelphia. 

125  Byers,  John  F. —  Machine  Co.,  Ravenna,  Ohio. 

126  Caldwell.  W.  E.—  Co.,  Louisville.  Ky. 

127  California  Wire  Works,  9  Fremont  St.,  San  Francisco,  Cal. 

128  Cambria  Steel  Co.,  Philadelphia. 

129  Cameron  Steam  Pump  Works,  New  York. 

130  Camp,  H.  B.—  Co.,  Akron,  Ohio. 

131  Canton  Steel  Co.,  Tool  Steel,  etc..  Canton,  Ohio. 

132  Cape  Ann  Tool  Co.,  Pigeon  Cove,  Mass. 

133  Carbolineum  Wood  Preserving  Co.,  13  Park  Row,  New  York. 

134  Carbon  Steel  Co.,  Pittsburg,  Pa. 

135  Carborundum  Co.,  Niagara  Falls,  N.  Y. 

136  Carlin's,  Thomas—  Sons  Co..  Allegheny,  Pa. 

137  Carnegie  Steel  Co.,  Carnegie  Bldg.,  Pittsburg,  Pa. 

138  Carroll-Porter  Boiler  and  Tank  Co.,  Pittsburg,  Pa. 

139  Carson  Trench  Machine  Co..  Boston. 

140  Case  Mfg.  Co.,  Columbus,  Ohio. 

141  Cayuta  Wheel  and  Foundry  Co.,  Sayre,  Pa. 

142  Central  Fire-proofing  Co.,  Fire-proofing  System,  874  Broadway,  New 

York. 

143  Champion  Bridge  Co.,  Wilmington.  Ohio. 

144  Chapman  Valve  Mfg.  Co.,  Indian  Orchard,  Mass.^^  ^^ GoOqIc 
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145  Chester  Steel  Castinss  Co.,  407  Library  St.,  Philadelphia. 

146  Chicago  Bridge  andiron  Co..  Chica^^o. 

147  Chicago  Drop  For^ng  and  Foundry  Co.,  Kensington,  111. 

148  Chicago  Pneumatic  Tool  Co.,  Painting  Machines,  Casting  Cleaner% 

Chicago. 

149  Chicago  Portland  Cement  Co.,  513  Stock  Exchange  Bldg.,  Chicago. 
149.6  Chicago  Tie  Preserving  Co.,  Chicago. 

150  Chillcott-Evans  Chain  Co.,  Allegheny,  Pa. 

151  Chrome  Steel  Works,  Crucible  Steel  Castings,  Brooklyn,  N.  Y. 

152  Church,  Isaac — ,  Expansion  Bolts,  Toledo,  Ohio. 

153  Clapp,  E.  D.—  Mfg.  Co.,  Auburn,  N.  Y. 

154  Clark  4c  Cowles,  Plainville,  Conn. 

155  Clark,  J.  C. — ,  Atlanta,  Ga. 

166  Clayton  Air  Compressor  Works,  26  Cortlandt  St.,  New  York. 

157  Cleveland  City  Forge  and  Iron  Co.,  Cleveland,  Ohio. 

158  Cleveland  Frog  and  Crossing  Co.,  Cleveland,  Ohio. 

159  Cleveland  Twist  Drill  Co.,  Lake  and  Kirkland  Sts.,  aeveland,  Ohio. 

160  aimax  Road  Machine  Coy,  Marathon,  N.  Y. 

161  Clinton  Bridge  and  Iron  Works,  Clinton,  Iowa. 

162  Clow,  James^. —  &  Sons,  Pipe  and  Specials,  Lake  and  Franklin  Sts., 

Chicago. 

163  Cobb  &  Drew,  Washers,  etc.,  Plymouth,  Mass.,  and  Rock  Falls,  111. 

164  Cockbum  Barrow  ftnd  Machine  Co.,  240  Eleventh  St.,  Jersey  City, 

N.J. 

165  Coffin  Valve  Co.,  Boston. 

166  Coldwell-Wilcox  Co.,  Newburgh,  N.  Y. 

167  Columbia  Bridge  Co.,  Pittsburg,  Pa. 

168  Columbian  Powder  Co^  Hamilton  Bldg.,  Pittsburg,  Pa. 

169  Colwell  Lead  Co.,  63  Center  St^  NewYork. 

170  Commercial  Wood  and  Cement  Co.,  156  Fifth  Ave.,  New  York. 
170.2  Compressed  Air  Co.,  621  Broadway.  New  York. 

170.4  Contmental  Compressed  Air  Power  Co.,  Bourse  Bldg.,  Philadelphia. 

170.6  Continental  Iron  Co.,  Niles,  Ohio. 

170.8  Continuous  Rail  Joint  Co.  of  America,  908  Lawyers'  Bldg.,  Newark. 

171  Consolidated  Telpherage  Co.,  20-22  Broad  St.,  New  York. 
171.2  Contractors'  Plant  Co.,  172  Federal  St.,  Boston. 

171.4  Contractors'  Plant  Mfg.  Co..  Buflfalo,  N.  Y. 

171.6  Cooke  Locomotive  and  Machine  Co.,  Paterson,  N.  J.     See  34.5. 
171.8  Cook  Well  Co.,  System  of  WeUs.  St.  Louis,  Mo. 

172  Cornell,  J.  B.  4c  J .  M.— ,  Hydraulic  Presses,  etc.,  Twenty-sixth  St.  and 

Eleventh  Ave..  New  York. 
172.2  Cornell  Machine  Co.,  176  W.  Superior  St.,  Chicago. 

172.5  Coming  Brake  Shoe  Co.,  Coming,  N.  Y. 
172.8  Crane  Co^  Chicago. 

173  Cresson,  George  V. —  Co.,  Eighteenth  St.  and  Allegheny  Ave.,  Phila. 

174  Crosby  Steam  Gage  and  Valve  Co.,  Boston. 

175  Crown  Fire  Clay  Co.,  Akron,  Ohio. 

176  Crucible  Steel  Co.  of  America,  Empire  Bldg.,  Pittsburg,  Pa. 

177  Cumberland  Hydraulic  Cement  and  Mfg.  Co.,  Cumberland,  Md. 

178  Cummer,  F.  D. —  4c  Son  Co.,  Driers,  Cleveland,  Ohio. 

179  Cummings  Cement  Co.,  EUicott  Square  Bldg.,  Buffalo,  N.  Y. 

180  Cunningham  Iron  Co.,  Summer,  B.  and  Fargo  Sts.,  Boston. 

181  Custodis,  Alphons  —  Chimney  Construction  Co.,  Bennett  Bldg.,  New 

York. 

182  D'Auria  Pumping  Engine  Co.,  Philadelphia. 

183  Davidson,  M.  T.— ,  133  Liberty  St.,  New  York. 

184  Dayton  Globe  Iron  Works  Co.,  Dayton,  Ohio. 

185  Dayton  Malleable  Iron  Co.,  Dayton,  Ohio. 

186  Dean  Bros.  Steam  Pump  Works,  Indianapolb,  Ind. 

187  Deane  Steam  Pump  Co.,  Holyoke,  Mass. 

188  Deming  Co.,  The — -.Pumps,  Salem,  Ohio. 

189  Denman  A  Davis,  Steel  Castings.  85  John  St.,  New  York. 

190  Detroit  Bridge  and  Iron  Works,  Detroit,  Mich. 

191  Detroit  Lubricator  Co.,  Detroit,  Mich. 

192  Detroit  Steel  and  Spring  Co.,  Steel  Castings,  etc.,  Detroit,  Mieh. 

193  Deutseh,  Wm.  M. — ,  New  York. 

^194      Diamond  Drill  and  Machine  Co.,  Birdsboro,  Pa.      ^  j 
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105  Diamond  State  Steel  Co.,  Wilmington,  Del. 

100  Dibble,  F.  J.—.  Weir  GaKes,  Peabody,  Mass. 

107  Dickey,  W.  S.—  Clay  Mfg.  Co.,  Kansas  City,  Mo. 

108  Dixon,  Joseph—  Crucible  Co.,  Graphite  Pipe  Joint  Compound,  etc,' 

Jersey  City,  N.  J. 

100  Dickson  Locomotive  Works,  Narrow  Gage  Locomotives,  Sorantoo* 
Pa.     See  34.5. 

200  Dickson  Mfg.  Co.,  Scranton,  Pa.     See  19.5. 

201  Dietzgen,  Eugene—  Co.,  149,  151  Fifth  Ave.,  New  York. 

202  Dilworth,  Porter  &  Co.,  Limited,  Spikes,  Rail  Braces,  etc.,  Fittsbuili. 

203  Dimmick  Pipe  Co.,  Birmingham,  Ala. 

204  Dobbie  Foundry  and  Machme  Co.,  138  Dey  St.,  New  York. 

205  Dodge  Mfg.  Co.,  Mishawaka,  Ind, 

206  Donaldson  Iron  Co.,  Emaus,  Lehigh  Co.,  Pa. 

207  Douglas,  W.  &  B.— ,  Middletown,  Conn. 

208  Downie  Pump  Co.,  Deep- well  and  other  Pumps,  Downieville,  Pa. 

200  Drake  Standard  Machine  Works,  298  W.  Jackson  Boulevard,  Chicaco. 

210  Drummond,  M.J. —  &  Co.,  192  Broadway,  New  York. 

211  Duff  Mfg.  Co.,  Allegheny,  Pa. 

212  Dutton  Pneumatic  Lock  and  Engineering  Co.,  Yonkers,  N.  Y. 

214  Dupont,  E.  I.—  &  Co.,  Wilmington,  Del. 

215  Eastern  Bridge  and  Structural  Co.,  Worcester,  Mass. 
218  Eastern  Construction  Co.,  Brooklyn,  N.  Y. 

217  Eastern  Paving  Brick  Co.,  Catskills,  N.  Y, 

218  Easton  Foundry  and  Machine  Co.,  Easton,  Pa. 
210  Eccles,  Richard—,  Auburn,  N.  Y. 

220  Eddy  Valve  Co.,  Waterford.  N.  Y. 

221  Edson  Mfg.  Co.,  132  Commercial  St.,  Boston. 

222  Edwards,  Joseph —  &  Co.,  Centrifugal  Pumpsand  Hydraulic  Dredging 

Machinery.  414  Water  St..  New  York. 

223  Electric  Fire-proofing  Co.,  Fire-proofing  System,  1 19  W.  Twenty-third 

St.,  New  York. 

224  Eley,  Philip  N.— .  Bayonne,  N.  J. 

226  Elliot  Frog  and  Switch  Co.,  East  St.  Louis,  III 
228  Emerson,  F.  W.—  Mfg.  Co.,  Rochester.  N.  Y. 

227  Empire  Portland  Cement  Co.,  Warners,  N.  Y, 

228  Enterprise  Boiler  Co.,  Youngstown,  Ohio. 

220  Eppinger   &  Russell  Co.,  Creosote  and  Creosoting,  66  Broad StMN.z. 

230  Erie  Machine  Shops,  Asphalt  Rollei^  and  Mixers,  etc.,  Erie,  Pa. 

231  Erie  Pump  and  Engine  Co.,  Erie,  Pa. 

232  Evens  &  Howard  Fire  Brick  Co.,  St.  Louis.  Mo. 

233  Ewald  Iron  Co.,  Staybolt  Iron,  St.  Louis,  Mo, 

234  Exeter  Machine  Works,  Pittston,  Pa. 

23ft  Fairbanks.  The  —  Co.,  Philadelphia. 

238  Falcon,  Jos.  G. — ,  Submarine  Work,  Flexible  Joint,  Evanston,  HI. 

237  Falls  Hollow  Staybolt  Co.,  Cuyahooa  Falls,  Ohio. 

238  Farrel  Foundry  and  Machine  Co.jjlavemeyer  Bldg.,  New  York. 
230  Fauth  A  Co.,  108  Second  SU  S.  W.,  Washington,  D.  C. 

240  Fay,  J.  J.—  &  Egan  Co.,  Wood  Tools,  202  W.  Front  St.,  Gin.,  Ohio. 

241  Featherstone  Foundry  and  Machine  Co.,  1215  Monadnock  Block, 

Chicago. 

942  Federal  Steel  Co.,  Empire  Bldg.,  New  York.    See  Illinois  and  Loraia 

Steel  Cos. 

242.5  Ferracute  Machine  Co.,  Bridgeton,  N.  J. 

243  FerraritjGruido — ,  8.  £.  Cor.  Seventh  and  Chestnut  Streets,  Phila. 

244  Ferris,  Waltei— ,  Ferris-Pitot  Water  Meter,  Drexel  Building,  Phila. 
24ft  Fisher  &  Saxton,  123  O  St..  N.  E^  Washington,  D.  C. 

248  Fitler,  Edwin  H.—  A  Co.,  Rope,  Philadelphia. 

247  Foofl  Qas  Engine  Co.,  Station  F,  Springfield,  Ohio. 

248  Fort  Pitt  Bridge  Works,  Pittsburg,  Pa. 

240  Flagg,  Stanley  a.—  A  Co.,  Small  Steel  Castings,  Philadelphia. 

260  Flint  &  WaUmg  Mfg.  Co..  Kendallville,  Ind. 

2ftl  Flory.  S.—  Mfg.  Co.,  Cableways,  Bangor,  Pa. 

252  Fort  Scott  Cement  Association,  Kansas  City,  Mo. 

253  Fort  Wayne  Electric  Works,  Fort  Wayne,  Ind. 

254  Fox,  John —  &  Co.,  Special  Castings,  Water,  Gas,  and  Flange  Pipes^ 

New  York.  r^^^^]^ 
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265  Frankford  Steel  and  Foreini;  Co.,  Shafting,  EUwood  City,  Pa. 

266  Franklin  Mfg.  Co.,  Franklm,  Pa. 

267  Fraser  &  Chalmers,  ChicMo.     See  19.6. 

268  French,  Sam'l  H.—   &  Co.,  Cements,  Plaster,  etc  York  Are.  and 

Callowhill  St.,  Philadelphia. 

269  Fulton  Iron  and  Engine  Works,  Detroit,  Mioh. 

260  Garden  City  Sand  Co.,  188  Madison  St.,  Chicago. 

261  Gardner  Governor  Co.,  Quincy,  111. 

262  Garland  Chain  Co.,  Rankin  Station,  Pa. 

263  Garry  Iron  and  Steel  Roofing  Co.,  202  Mervin  St.,  Cleveland,  Ohio. 

264  Gates  Iron  Works.  650  Elston  Ave.,  Chicago.    See  19.5. 

265  Gawthrop,  Allen —  Jr.,  Wilmington,  Del. 

266  Gem  City  Boiler  Co.,  Dayton,  Ohio. 

267  General  Electric  Co.,  Schenectady,  N.  Y. 

268  Georgia  Car  and  Mfg.  Co.,  Logging,  etc.,  Savannah,  Ga. 

269  General  Forging  Co.,  Boonton,  N.  J. 

270  Gillespie,  T.  A.—  &  Co.,  Westinffhouse  Bldg.,  Pittsburg,  Pa. 

271  Gillingham,  Garrison  &  Co.,  Philadelphia. 

272  Gilson  Asphaltum  Co.,  Buena  Vista  Asphalt,  Wainwright  Bldg.,  St. 

Louis,  Mo. 

273  Glasgow  Iron  Co.,  Pressed  Shapes,  Pottstown,  Pa. 

274  Goheen  Mfg.  Co.,  Canton,  Ohio. 

275  Good  Roads  Machinery  Co.,  Kennett  Square,  Pa. 

278  Goodwin  Car  Co.,  Dumping  Cars  Leased,  New  York  and  Chicago. 

279  Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 

280  Grand  Rapids  Malleable  Co.,  Grand  Rapids,  Mich. 

281  Graphite  Metal  Co.,  Graphitic  Steel  Castings,  15  Cortlandt  St.,  New 

York. 

282  Gregoiy*  Elisha— ,  Artesian  Wells,  60  Liberty  St.,  New  York. 

283  Green  Kidge  Iron  and  Spike  Works,  Spikes,  Scranton,  Pa. 

284  Guild  &  Garrison,  Brooklyn,  N.  Y. 

285  Gurley,  W.  A  L.  E.— ,  Troy,  N.  Y. 

286  Hall  Signal  Co.,  44  Broad  St.,  New  York. 

288  Hammond  Iron  Works,  Warren,  Pa. 

289  Harrison  Bros.    &  Co.,  Incorporated,  Thirty-fifth  and  Qny*»  Ferry 

Road,  Philadelphia. 

290  Harriaburg  Foundry  and  Machine  Works,  Harrisbuiv,  Pa. 

291  Harvey,  Moland  &  Co.,  Conshohocken,  Pa. 

292  Havana  Bridge  Works,  Montour  Falls,  N.  Y, 

293  Hayward  Co.,  97  Cedar  St.,  New  York. 

294  Hazleton  Boiler  Co.,  120  Liberty  St.,  New  York. 

295  Heisler,  Chas.  L.— .  Erie,  Pa. 

296  HeLsler  Pumping  Engine  Co.,  Erie,  Pa. 

297  Heller  &  Brightly.  Spring  Garden  St.  and  Rldfle  Ave.,  Philadelphia. 
297.5  Henion   &  Hubbell,  Deep-well  Pumps.  61  N.  Jeflerson  St.,  Cmcago. 

298  Hersey  Mfg.  Co.,  South  Boston. 

299  Higley,  KepUnger  &  Co.,  Canton,  Ohio. 

300  Hildenbrand,  W. — ,  Abt  System  of  Rack  Railways,  1  Broadway,  New 

York. 

301  Hobson.  Houghton  &  Co.,  Drill  Rods,  98  John  St.,  New  York. 

302  Hodge,  E.—  &  Co.,  East  Boston. 

303  Holly  Mfg.  Co.,  Lockport,  N.  Y. 

304  Hohnes,  J.  W.— ,  Batavia,  N.  Y. 

305  Hoopes  &  Townsend,  1330  Buttonwood  St  ..'Philadelphia. 

306  Howells  Mining  Drill  Co.,  Plymouth,  Pa. 

307  Hunt,  C.  W.—  Co.,  West  New  Brighton.  N.  Y. 

308  Hunt,  The  Robert  W.—  Co.  J[121  The  Rookery,  Chioaco. 

309  Hurd  &  Co.,  Wall  Ties,  670  West  Broadway,  New  York. 

810  Illinois  Steel  Co.  Cement  Department,  Steel  Portland  CeoMnt,  Tbt 
Rookery,  Chicago. 

31 1  Independent  Powder  Co.,  Terre  Haute,  Ind. 

312  Indianapolis  Drop  Forging  Co.,  Indianapolis,  Ind. 

313  Industrial  Water  Co.,  15  Water  St.,  New  York. 

314  Industrial  Works,  Bay  City,  Mich. 

315  Ingersoll-Sereeant  Drill  Co.,  Park  PUoe,  New  York. 

317  International  Arithmaohine  Co.,  141  La  Salle  St.,  Chicago. 

318  IntemationalCoolingCo.,  32PineSt.,  NewYork. 
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819  International  Creoeoting  and  Construotion  Co.,  Oahreston,  Texas. 
319.5  International  Steam  Pump  Co.     (Includes  Noe.  82,  187,  303,  348, 

353,  568,  676.)     114-118  Liberty  St.,  New  York. 

320  Iroquois  Iron  Works,  Asphalt  Machinery,  etc.,  Buffalo,  N.  Y. 

820  6  Jackson,  Byron —  Machine  Co.,  Centrif .  Pumps,  San  Francisco,  Cal 

321  Janney.  Steinmetz  &  Co.,  Drexel  Bldg.,  Philadelphia. 

322  Jeffrey  Mfg.  Co.,  Columbus,  Ohio. 

323  Jenkins  Bros.,  New  York,  Philadelphia,  Chicago,  Boston. 

324  Jcasop,  Wm.—  &  Sons,  91  John  St.,  New  York. 

326     Johns,  H.  W.—  Mfg.  Co.,  Packings,  100  William  St.,  New  York. 

326  Johnson  <fe  Wilson,  150  Nassau  St.,  New  York. 

327  Johnson  Cement  Coating  Co.,  Coating  for  Walls,  156  Fifth  Ave.,  New 

York. 

328  Joliet  Bridge  and  Iron  Co.,  Joliet,  111. 

329  Jones  &  Laughlins,  Limited,  Third  Ave.  and  Ross  St.,  Pittsburg,  Pa. 

330  Joneft,  B.  F.— ,  147  E.  One  Hundred  and  Twenty-fifth  St.,  New  York. 

831  Jones,  B.  M.—  &  Co.,  81  Milk  St.,  Boston. 

832  Jones  National  Fence  Co.,  Columbus,  Ohio. 

333  Kaltenbach  &  GrxAss,  1618  Williamson  Bldg.,  Cleveland,  Ohio. 

334  Keasby  &  Mattison  Co.,  Lagging,  Ambler,  Pa. 
836      Keeler,  E.—  Co.,  Williamsport,  Pa. 

836  Kelley  Island  Lime  and  Transport  Co.,  Lagerdorfer  Portland  Cement, 

Cleveland,  Ohio. 

837  Kelly,  O.  S.—  Co.,  Springfield,  Ohio, 

838  Kennedy  Valve  Mfg.  Co.,  50  Beekman  St.,  New  York. 

839  Kenwood  Bridge  Co.,  Chicago. 

340  Keuffel  &  Esser  Co.,  127  Fulton  St.,  New  York. 

341  Keystone  Drop  Forge  Works ;  oflEice,  Harrison  Building,  Philadelphia. 

342  Kidd  Bros.  &  Burgher  Steel  Wire  Co.,  McKee's  Rocks,  Pa. 

343  Kilbom  &  Bishop  Co.,  New  Haven,  Conn. 

344  King  Bridge  Co.,  Cleveland,  Ohio. 

345  Kingsford  Foundry  and  Machine  Works,  Oswego,  N.  Y. 

846  Kirk,  Arthur —  &  Son,  Pittsburg.  Pa. 

847  Knight,  F.  C—  &  Co.,  400  Locust  St.,  Philadelphia. 

348  Knowles  Steam  Pump  Works,  91  Liberty  St.,  New  York. 

349  Koken  Iron  Works,  Koken  Bldg.,  715  Locust  St.,  St.  Louis,  Mo. 
850      Kolesch  &  Co.,  138  Fulton  St.,  New  York. 

361  Koppel,  Arthur — ,  Narrow  Gage  Railway  Materials,  68  Broad  St., 

New  York. 

362  Krause,  Wm.—  &  Sons  Cement  Co.,  Portland  Cement,  1628  N.  Fifth 

St.,  PhUadelphia. 

363  Laidlaw-Dunn-Gordon  Co.,  Cincinnati,  Ohio. 

364  Lambert  Hoisting  Engine  Co.,  Newark,  N.  J. 
366      Lamb  Fence  Co.,  Adrian,  Mich. 

366  Lanz,  M. —  &  Sons,  Pittsburg,  Pa. 

857  Laughlin-Hough  Co.,  30  Broad  St.,  New  York. 

368  Lawrence  Cement  Co.,  1  Broadway,  New  York, 

369  Lawrence  Machine  Co.,  Lawrence,  Mass. 

360  Lawrenceville  Cement  Co.,  26  Cortlandt  St.,  New  York. 

361  Lawrence,  W.  W.—  &  Co.,  Pittsburg,  Pa. 

862  Lead-lined  Iron  Pipe  Co.,  Lead  and  Tin-lined  Pipe,  Wakefield,  Mass. 

363  Le  Clfere,  F.— ,  Black-line  Prints  from  Tracings,  21  N.  Thirteenth  St., 

Philadelphia. 

864  Ledder.G.G.—,  302  Washington  St.,  Boston. 

866  Leflfel,  James —  &  Co.,  Automatic  Engines,  Springfield,  Ohio. 

866  Lehigh  Portland  Cement  Co.,  Allentown,  Pa. 

867  Leitz,  A. —  Co.,  422  Sacramento  St.,  San  Francisco,  Oal. 

368      Leopold,  J.—    &  Co.,  Granite  and  Trap  Rock,  18  Broadway,  New 

^ork.  ^      .     ,, 

869      Leschen,  A.—  &  Sons  Co.,  920-922  N.  Main  St.,  St.  Louis,  Mo. 

370  Lidgerwood  Mfg.  Co.,  96  Liberty  St.,  New  York. 

371  Lima  Locomotive  and  Machine  Co.,  Lima,  Ohio. 

372  Lima  Steel  Casting  Co.,  Lima,  Ohio. 

373  Link  Belt  Engineering  Co.,  Nicetovm,  Philadelphia. 
373.6  Locks  and  Canals  Co.,  Timber  Preservation,  Lowell,  Mass. 

874      Lombard  Water-wheel  Governor  Co.,  61  Hampshire^t.,  Boston. 
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375  Long  &  Allsi&tter  Co.,  Hamilton,  Ohio. 

376  Loomis-Manning  Filter  Co.^  420  Chestnut  St.,  Philadelphia. 

377  Lorain  Steel  Co.,  Steel  Castings,  Lorain,  Ohio. 

378  Louisville  Bridge  and  Iron  Co.,  Incorporated,  Louisville,  Ky. 

379  Ludlow  Valve  Mfg.  Co.,  Troy  N.  Y. 

380  Ludowici  Roofing  Tile  Co.,  o08  Chamber  of  Commerce  Bldg.,  Chicaga 

381  Lufkin  Rule  Co..  Measiiring  Tapes,  Saginaw,  Mich. 

382  Lukens  Iron  and  Steel  Co.,  Coatesville,  Pa. 

383  Mack  Mfg.  Co.»  New  Cumberland,  W.  Va.  •  " 

384  Macomber  &  Whyte  Rope  Co.,  21  South  Canal  St.,  Chicago. 

385  Maignen  Filtration  Co.,  1310  Arch  St.^  Philadelphia. 

386  Manasse,  L. —  Co.,  88  Madison  St.,  Chicago. 

387  Manchester  Locomotive  Works,  Manchester,  N.  H.      See  34.5. 

388  Manhattan  Trap  Rock  Co.,  11  Broadway,  New  York. 

389  Marion  Steam  Shovel  Co.,  Marion,  Ohio. 

390  Martin,  Wm.  R. — ,  Iron  Works,  Screens,  Lancaster,  Pa. 

391  Massillon  Bridge  Co.,  Massillon,  Ohio. 

392  Maasillon  Iron  and  Steel  Co.,  Massillon,  Ohio. 

393  McClenahan  &  Bros.,  Granite,  Port  Deposit,  Md. 

394  McClin tic-Marshall  Constniction  Co.,  Pottstown  and  Pittsbuig,  Pa. 

396  McCulIough  Iron  Co.,  Sheet  Iron  and  Steel,  Wilmington,  Del. 
896  McGowen,  John  H. —  Co.,  Cincinnati,  Ohio. 

397  Mcintosh,  Seymour  &  Co.,  Auburn,  N.  Y. 

398  McKay,  Jas.—  &  Co.,  Pittsburg.  Pa. 

399  McKenna,  Chas.  F.— ,  221  Pearl  St.,  New  York. 

400  McKiernan  Drill  Co.,  120  Liberty  St.,  New  York. 

401  McLean,  John—.  298  Monroe  St.,  New  York. 

402  McMullen.  Arthur—  &  Co.,  13  Park  Row,  New  York. 

403  McNeil,  James —  &  Bro.,  Twenty-ninth  and  Railroad  Sts.,  Pittsburg. 

404  McWilliams  &  McConnell,  Shamokin,  Pa. 

405  Mead,  John  A. —  Mfg.  Co.,  7  Broadway,  New  York. 

406  Melan  Arch  Construction  Co.,  13  Park  Row,  New  York. 

407  Merchant  &  Co.,  Metals,  Seamless  Tubes,  etc.,  Philadelphia. 

408  Meredith,  J.  P.—  Cedar  Co.,  Memphis,  Tenn. 

409  Merrill  Bros.,  467  Kent  Ave..  Brooklyn,  N.  Y. 

410  Merritt  &  Co.,  Expanded  Metal  Construction,  Philadelphia. 

411  Metalloid  Sidewalk  Co.,  Concrete  and  Expanded  Metal  Cement  Walks. 

606  Century  Bldg.,  St.  Louis,  Mo. 

412  Michigan  Bra.ss  and  Iron  Works,  Detroit,  Mich. 

413  Michigan  Lubricator  Co.,  Detroit,  Mich. 

414  Michigan  Pipe  Co.,  Stand  Pipe,  Bay  City,  Mich. 

415  Mietz,  A.—,  128-138  Mott  St.,  New  York. 

416  Millar,  Charles —  &  Son  Co.,  Utica  Pipe  Foundry  Co.,  Utlca,  N.  Y. 

418  Milwaukee  Cement  Co.,  Milwaukee,  Wis. 

419  Mis.soiiri  Valley  Bridge  and  Iron  Works,  Roofs,  Leavenworth,  Kao* 

420  Monmouth  Mining  and  Mfg.  Co.,  Monmouth,  III. 

421  Moore  Mfg.  Co.,  Syracuse,  N.  Y.  i 

422  Moran  Flexible  Steam  Joint  Co..  Incorporated,  Louisville,  Ky, 

423  Morris  Machine  Works,  Centrifugal  Pumps,  Baldwinsville,  N.  Y. 

424  Morris,  Tasker  &  Co.,  Incorporated,  Philadelphia. 

425  Morse,  A.J. —  &  Son,  Di^-ing  Outfits,  140  Con  stress  St.,  Boston. 

426  Mount  Vernon  Bridge  Works,  Mt.  Vernon,  Ohio. 

427  Mundv,  J.  S.— ,  Newark,  N.  J. 

428  Murray  &  Co.,  Tents,  329  S.  Canal  St.,  Chicago. 

429  Nash,  Geo.—  A  Co.,  15  Piatt  St.,  New  York. 

430  Nathan  Mfg.  Co.,  92  Liberty  St.,  New  York. 

431  National  Elastie  Nut  Co.,  Milwaukee,  Wis. 

432  National  Meter  Co.,  New  York. 

433  National  Paint  Works.  Williamsport,  Pa. 

434  National  Tube  Co.,  Pittsburg,  Pa.,  New  York,  PhiladelpUa,  Boetcm^ 

Chicago. 

435  NationalSteel  Co.,  Battery  Park  Bldg.,  New  York. 
435.5  National  Wood  Pipe  Co.,  Los  Angeles,  Cal. 

436  Neptune  Meter  Co.,  Jackson  Ave.  and  Crane  St.,  New  York. 

437  Neuchatel  Asphalt  Co..  Limited,  Val  de  TVavers  Rock  Asphalt,  265 

Broadway  ^New  York. 

438  New  Blue  on  White  Process  Co.,  Cincinnati,  Ohio. 

439  New  England  Structural  Co.,  Boston. 
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440  New  Era  Iron  Worlcs,  Qtm  Engines,  Dasrton,  Ohio. 

441  New  Jersey  Foundry  and  Machine  Co.,  Overhead  IVaekage  Systems, 

26  Cortlandt  St.,  New  York. 

442  New  Orleans  Wood  Freserring  Works,  Creosote  and  Creoeoting,  New 

Orleans,  La. 

443  New  York  Air  Compressor  Co.,  96  Liberty  St.,  New  York. 

444  New  York  and  Bermudes  Co.,  Bowling  Green  Bldg.,  New  York. 

445  New  York  and  Rosendale  Cement  Co..  200  Broadway,  New  York. 

446  New  York  Continental  Jewell  Filtration  Co.,  16  Broad  St..  New  York 

447  New  York  Dredging  Co„  Park  Row  Bldg.,  New-  York. 

448  New  York  StateDrain  Tile  and  Pipe  Works,  Albany,  N.  Y. 

449  New  York  Mastic  Works,  Seyssel  Rock  Asphalt,  11  Broadway,  New 

York. 

460  Nichols  Engineering  and  Contracting  Co.,  Steel  lieasuring  Tape,  etc., 

1538  Monadnock  Block,  Chicago. 

461  Niles  Tool  Works  Co.,  Hamilton,  Ohio. 

462  Nitro-powder  Co.,  Kingston,  N.  Y.  .  • 

463  Norfolk  Creosoting  Co..  Norfolk,  Va. 

464  Northern  Electrical  Mfg.  Co.,  Madison,  Wis. 

465  Norton,  A.  0.~,  167  Oliver  St.,  Boston. 

466  Norton,  F.  O. —  Cement  Co.,  92  Broadway.  New  York. 

467  Nor  walk  Iron  Works  Co.,  South  Norwalk,  Conn. 

468  Norwood  Engineering  Co.,  Florence,  Mass. 

469  Ogden,  J.  Edward—  Co.,  Yam,  Pig  Lead,  147  Cedar  St.,  New  York. 

460  Oken,  Tinius—  4c  Co.,  600  N.  Tw^th  St..  Philadelphia. 

461  100  Per  Cent.  Splice  Co.,  803  Land  Title  Bldg.,  Philadelphia. 

462  Oneida  Community,  Limited,  Niagara  Falls,  N.  Y. 

463  Osgood  Dredge  Co.,  Albany,  N.  Y. 
463.2  Otis  Steel  Co.,  Cleveland,  Ohio. 

463.4  Otto  Gas  Engine  Works,  Philadelphia  and  Chicago. 

463.6  Pnge-Storms  Drop  Forge  i  o.,  C  liit'upee  Falls,  Mass., 

464  Parker  Engine  Co.  of  California,  1041  Drexel  Bldg.,  Philadelphia. 

465  Parker,  Thatcher  A.—,  Terre  Haute,  Ind. 

466  Passaic  Rolling  Mill  Co.,  Paterson,  N.  J.  

466.5  Payne,  Walter  S.— &  Co.,  Fostoria,  O.      i  .       •     t.i     < 

467  Peck,  C.  C.—,  Rochester,  N.  Y.  '    n 

468  Peerless  Brick  Co.,  Philadelphia.  ^' 

469  Pelton  Water-wheel  Co.,  1 4,3  Liberty  St.,  New  York.  '  I       "'- • 

470  Penberthy  Injector  Co.,  Detroit,  Mich.  ■  "    • 

471  Penn  Bridge  Co.,  Beaver  Falls,  Pa. 

471.6  Pennsylvania  Galvanizing  Co.,  Limited,  Philadelphia, 

472  Pennsylvania  Steel  Co.,  Rails,  Switches,  etc.,  Steelton,  Pa. 

473  Pfister,  Herm.~,  428  Plum  St.,  Cincinnati,  Ohio. 

474  Philadelphia  Bridge  Works,  PotLstown,  Pa. 

476  Philadelphia  Machine  Tool  Co.,  44.3-449  N.  Darien  St.,  Philadelphia. 

478  Philadelphia  Pneumatic  Tool  Co.,  Stephen  Girard  Bldg.,  Philadelphia. 

479  Philadelphia  Railway  Track  Equipment  Co.,  Philadelphia. 

480  Phillips  &  Worthington,  11  Broadway,  New  York. 

481  Phillips  Rock  Drill  Co.,  40  N.  Seventh  St..  Philadelphia. 

482  Phoenix  Bridge  Co.,  410  Walnut  St.,  Philadelphia. 

483  Phosphor»Bronse   Smelting   Co.,    Limited,    2208   Washington    Ave., 

Philadelphia. 

484  Pierce  Well  Engineering  and  Supply  Co.,  136  Liberty  St.,  New  York. 
486      Pittsburg  Ga^e  and  Supply  Co.,  Steam  Specialties,  Pittsburg  and 

Philadelphia. 

486  Pittsburg  Locomotive  and  Car  Works,  Pittsburg,  Pa.     See  34.5. 

487  Pittsburg  Meter  Co.,  East  Pittsburg,  Pa. 

488  Pittsburg  Testing  Laboratory,  Limited,  325  Water  St.,  Pittsburg,  Pa. 

489  Pittsburg  Valve,  Foundry,  and  Construction  Co.,  Empire  Bldg.,  Pitts- 

burg, Pa. 

490  Pleuger  &  Henger  Mfg.  Co.,  St.  Louis,  Mo. 

491  Plymouth  Mills,  Washers,  Plymouth,  Mass. 

492  Pollard,  J.  G.— ,  Firing  Tools,  141  Raymond  St.,  Brooklyn,  N.  Y. 

493  Porter,  H.  K. —  Co.,  Light  and  Compressed  Air  Locomotives,  531 

Wood  St.,  Pittsburg,  Pa. 

494  Porter  Morse  Co.,  Saginaw,  Mich. 

495  Potomac  Steel  Co.,  Light  Steel  Rails.  Times  Bldg^HPittsburg,  Pa. 

496  Potter  Mfg.  Co.,  Sewer  Machines,  Indianapolieg  mdiOOgiC 
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497  Power  Spedalty  Co..  126  Liberty  St.,  New  York. 

408  Pratt  &  Whitney  Co.,  Hartfoitl,  Conn. 

499  Pressed  Steel  Car  Co.,  Pittsburg,  Pa. 

600  Prieetman  A  Co.,  Inoorporated,  Bourse  Building,  Philadelphia 

601  Prince,  L.  M. — ,  108  W.  Fourth  St.,  Cincinnati,  Ohio. 

602  Prince  Mfg.  Co.,  71  Maiden  Lane,  New  York. 

603  Prindle  Engineering  Co.,  Centrifugal  Pumps,  120  Liberty  St..  Nen 

York. 

604  Pulsometer  Steam  Pump  Co.,  136  Greenwich  St.,  New  York. 
606  Purington  Paving  Brick  Co..  Galesburg,  IlL 

606.6  Q.  &  C.  Co.,  see  608.6,  Railroad  Supply  Co. 

606  Queen  &  Co.,  1010  Chestnut  St.,  Philadelphia. 

607  Quimby,  Wm.  £. — ,  Screw  Pumps,  86  Liberty  St.,  New  York. 

608  Quimby  Engineering  Co.,  Ridge  Ave.,  Philadelphia. 

608.6  Railroad  Supply  Co.,  Bedford  Bldg.,  Chicago. 

609  Ramapo  Iron  Works,  Hillbum,  Rockland  Co.,  N.  Y. 

610  Rand  DriU  Co.,  128  Broadway,  New  York. 

611  Ransome  &  Smith  Co.,  Brooklyn,  N.  Y. 

612  Rawson  &  Morrison  Mfg.  Co.,  Cambridgepcnii  (Boston),  Mass. 

613  Raymond  Bros.  Impact  Pulverizer  Co.,  1402  Monadnock  Block,  Chi- 

ca^. 

614  Reading  Foundry  Co.,  Limited,  Reading,  Pa. 

616  Reese-Hammond  Fire  Brick  Co.,  012  Park  Bldg.,  Pittsburg,  Pa.     ' 

616  Renssellaer  Mfg.  Co^  1108-9  Monadnock  Bldg.,  Chicago. 

617  Repauno  Chemical  Co.,  Wilmington,  Del. 

618  Republic  Iron  and  Steel  Co.,  Chicago. 

619  Rhode  Island  Tool  Co.,  Providence.  R.  I. 

620  Richmond  Locomotive  Works,  Richmond.  Va. 

621  Riehl^  Bros.,  1424  N.  Ninth  St.,  Philadelphia. 

622  Risdon  Iron  Works,  San  Francisco.  Cal. 

623  Ritchie,  E.  S. —  &  Sons,  Current  Meters,  Brookline,  Mass. 

624  Riphmond  Looomotive  and  Machine  Works.  Riohmono,  Va.  See  34.6. 

625  Riter-Conley  Mfg.  Co.,  66  Water  St.,  Pittsburg,  Pa. 

626  Roberts,  A  &  P.—  Co.,  Pencoyd,  Pa.,  261  S.  Fourth  St..  Philadelphia. 

627  Robins  Conveying  Belt  Co^  Park  Row  Bldg.,  New  York. 

628  Robinson,  Prof.  S.  W.— ,  Pitot  Meter,  Ohio  State  College,  Columbus, 

Ohio. 

629  Rockford  Bolt  Works,  Rockford,  111. 

630  Roebling  Construction  Co.,  121  Liberty  St.,  New  York. 
630.6  Roebling's  Sons  Co.,  John  A.—.  Trenton,  N.  J. 

631  Rogers,  John  M. — .  Gloucester,  N.  J. 

632  Roots.  P.  H.  &F.  M.— Co.,Conner8villeLlnd. 

633  Roes,  Sanford  P. — ,  Incorporated,  277  Washington  St.,  Jersey  C^ty, 

634  Ross' Valve  Co..  Feed  Water  Filter,  Troy,  N.  Y. 

636  Rowland,  Wm.  &  Harvey — ,  Norway  Iron,  Frankford,  Philadelphia. 

636  Ruger,  J.  W.—  Mfg.  Co.,  300  Chicago  St.,  Buflfalo,  N.  Y. 

638  Rumsey  &  Co.,  Limited,  Centrifugal,  Hand,  and  Power  Pumps,  Seneoa 

Falls,  N.  Y. 

639  San  Frandsoo  Bridge  Co.,  220  Market  St.,  San  Francisco,  CaL 

640  Sargent  Co.,  Chicago. 

641  Saunders,  D. —  Sons,  Pipe  Threading  Machinery,  Yonkers,  N.  Y. 

642  Scaife,  Wm.  B.—  &  Sons,  Pittsburg,  Pa. 

643  Schenectady  Locomotive  Works,  Schenectady,  N.  Y.     See  34.6. 

644  Seherzer  Rolling  Lift  Bridge  Co.,  Monadnock  Blook,  Chicago. 
646  Scholl.  Julian—  A  Co.,  126  Liberty  St.,  New  York. 

646  Schrader's  Son,  A. — ,  Diving  Apparatus,  32  Rose  St.,  New  York. 

647  Schreiber,  L. —  A  Sons  Co.,  Iron  Work,  Cincinnati,  Ohio. 

649  Scott,  Charles—  Spring  Co..  Philadelphia. 

650  Scranton  Forging  Co.,  Scranton,  Pa. 

651  Scranton  Steam  Pump  Co.,  Scranton,  Pa. 

652  Sedgwick-Fisher  Co.,  Chicago. 

662.6  Sellers,  Wm.—  A  Co..  Incorporated.  1600  Hamilton  St.,  Phila. 

653  Seward,  M. —  A  Son,  New  Haven,  Conn. 

654  Sharon  Boiler  Works.  Sharon,  Pa. 

566  Shaw,  Thomas —  (Quimby  Engineering  Co.,  Successor),  Compound 
Propeller  Pump.  916  Ridge  Ave,,  Philadelphia.      LjOOQ It 
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556  Shelby  Steel  Tube  Co.,  Cleyelan(i  Ohio. 

557  Shoemaker,  Benj.  H.— ,  Window  Glass,  etc^  205  N.  4th  St.,  Phila. 

558  Shuart  Grader  Ck>^  Oberlin,  Ohio. 

550  Sicilian  Asphalt  Paving  Co.,  Trinidad  Rock  Asphalt,  Times  Bldg., 
New  York. 

560  Singer,  Nimick  ct  (  o.,  incorporated,  Pittsburg,  Pa. 

561  Sipe,  James  B. —  &  Co.,  Allegheny,  Pa. 

562  Smidth,  F.  L.—  &  Co.,  66  Maiden  Lane,  New  York.        '/  .i 

563  Smith,  A.  P.—  Mfg.  Co.,  Newark,  N.  J. 

564  Smith,  Edward —  &  Co.,  45  Broadway,  New  York.         -•«  -m' 

565  Smith,  S.  Morgan—  Co.,  York,  Pa.  i 

566  Smith,  Thee—  &  Sons  Co.,  Jersey  ttty,  N.  J.  -      ■ ' 
566.5  Smith-Vaile  Co.    See  594. 

567  Snider-Hughes  Co.,  Cleveland,  Ohio.  ■    • 

568  Snow  Steam  Pump  Works,  Buffalo,  N.  Y. 

569  Snvder,  Hiram—  &  Co.,  229  Broadway,  New  York, 

560.5  Soitraann,  E.  G.,  125  E.  42d  St.,  New  York.  ''   ' 

570  Souther,  John —  &  Co.,  12  Post  Office  Square.  Boston. 

571  Southern  Car  and  Foundry  Co.,  Gadsden,  Ala. 

572  Southwark  Foundry  and  Machine  Co.,  Philadelphia. 

573  Spaulding  Print  Paper  Co.,  Blue  Print  Cloth,  44  Federal  St.,  Boston. 

578  Spirit  tine  Chemical  Co.,  Wilmington,  N.  C. 

579  Springfield  Boiler  and  Mfg.  Co.,  Springfield,  111. 

580  Springfield  Drop  Forging  Co.,  Springfield,  Mass. 

581  Springfield  Gas  Engine  Co.,  Spnngfield,  Ohio.  , 

582  Stackpole  &  Bro.,  39  Fulton  St.,  New  York. 

583  Stamsen  &  Blome,  Unity  Bldg.,  Chicago. 

584  Standard  Automatic  Gas  Engine  Co.,  Oil  City,  Pa. 

585  Standard  Chain  Co.,  Pittsburg,  Pa. 

586  Standard  Paint  Co.,  77  John  St.,  New  York. 
687  Standard  Railroad  Signal  Co.,  Troy,  N.  Y. 

588  Standard  Silica  Cement  Co.,  66  Maiden  Lane,  New  York. 

589  Standard  Tool  Co.,  Cleveland,  Ohio. 

590  Standard  Water  Meter  Co.,  22-26  Reade  St.,  New  York. 

591  Stanley  Electric  Mfg.  Co.,  Pittsfield,  Mass, 

592  Starr  Brass  Mfg.  Co.,  Bo.ston. 

593  Stickney,  Charles  A. —  Co.,  St.  Paul,  Minn. 

594  Stilwell-Bierce  &  Smith-Vaile  Co..  Dayton,  Ohio. 

595  Stover  Engine  Work?^,  Free  port,  111. 

596  Stow  Flexible  Shaft  Co.,  Twenty-sixth  and  CallowhiU  Sts.,  Phila. 

597  Strieby  &  Foote  Co.,  Newark,  N.  J. 

698  Strobe!,  C.  L.— ,  1744  Monadnock  Block,  Chicago. 

599  Strock,  S.  C— ,  11  Broadway,  New  York. 

600  Structural  Engineering  Co.,  41  Cortlandt  St.,  New  York. 

601  Struthcrs,  Wells  &  Co.,  Warren,  Pa. 

602  Stuebner,  G.  L.— ,  Long  Island  City,  N.  Y. 

603  Stupp  Bros.  Bridge  andiron  Co.,  St.  Louis,  Mo. 

604  Sturtevant,  B.  F. —  Co.,  Boston. 

605  Sullivan  Machinery  Co.,  135  Adams  St.,  Chicago, 

606  Susquehanna  Iron  and  Steel  Co.,  Columbia,  Pa. 

607  Syracuse  Chilled  Plow  Co.,  Syracuse,  N.  Y. 

608  Syracuse  Stoneware  Co.,  Syracuse,  N.  Y. 

609  Tatham  A  Broe,,  Rfth  and  Locust  Sts.,  Philadelphia. 

610  Taylor.  John  W.—  Co^  Mt.  Holly,  N.  J. 

61 1  Taylor  Signal  Co.,  Buffalo,  N.  Y. 

612  Tennessee  Coal,  Iron,  and   Railroad   Co.,  Basic  Open-hearth   Steel, 

Birmingham,  Ala. 

612.5  Texas  Tie  and  Lumber  Co.,  Timber  Preservation,  Somerville,  Tex. 

613  Thew  Automatic  Shovel  Co..  Lorain,  Ohio. 

614  Thomson  Meter  Co.,  79  Washington  St.,  Brooklyn,  N.  Y. 

615  Thompson,  J. —    &  Co..  Union  Hydiuulic  Works,  Van  Horn  and 

Sophia  Sts.,  Philadelphia. 

616  Thorn  Cement  Co.,  1 12  Church  St.,  Buffalo,  N.  Y. 

617  Tippett  &  Wood,  Philipsbiu^,  N.  J. 

618  Toledo  Foundry  and  Machine  Co.,  Toledo,  Ohio. 

619  Tomkins  Brothers,  267  Broadway,  New  York. 

620  Tomkins,  Calvin — ,  Broken  Stone,  120  Liberty  St.,  New  York. 

621  Townsend,  C.  C.  A  E.  P.—,  Wire,  New  Brighton,  W^^^i^ 

622  ,  Transue  &  Williams  Co.,  Alliance,  Ohio.      gtzedbyV^OOglC 
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623  Trenton  Iron  Co.,  Trenton,  N.  J. 

624  Troy  Malleable  Iron  Co..  Troy.  N.  Y. 

626  Ulmer  A  HofF.  224  Champlain  St..  Cleveland.  Ohio. 

626  Union  Akron  Cement  Co.,  141  Erie  St..  Buffalo,  N.  Y. 

627  Union  Hydraulic  Works  (J.  Thompson  &  Co.).  Philadelphia. 

628  Union  Switch  and  Signal  Co..  Swissvale.  Pa. 

629  Union  Water  Meter  Co..  Worcester.  Mays. 

630  United  States  Cast-iron  Pipe  and  Foundry  Co..  217  La  Salle  St. 

Chicago. 

631  United  States  Clay  Mfg.  Co.,  Empire  Bldg..  Pittsburg.  Pa. 

632  United  States  Mineral  Wool  Co..  143  Uberty  St.,  New  York. 

633  United  States  Wind  Engine  and  Pump  Co..  Batavia,  111. 

634  United  States  Wood  Preserving  Co..  Creo-resinate  and  Creosote  Pro- 

cess, 29  Broadway,  New  York. 

63A     Valentine  A  Co.,  Varnishes,  New  York. 

636  Vanderbilt    &  Hopkins,  Lumber.  Timber  Preservation,  120  Liberty 

St.,  New  York. 

637  Vanderherch^  M.  F. —  &  Co..  Vine  and  Water  Sts..  Philadelphia. 

638  Variety  Iron  Works  Co.,  Qeveland,  Ohio. 

639  Virginia  Bridge  and  Iron  Co.,  Roanoke,  Va. 

640  Virginia  Iron,  Coal,  and  Coke  "      "  "       "' 

641  Vulcan  Iron  Works,  Chicago. 

642  Vulcanite  Portland  Cement  Co..  Vulcanite  Bldg..  1710  Market  St., 

Philadelphia. 

642.5  Wabash  Bridge  and  Iron  Works.  Wabash.  Ind. 

643  Watkins/Thomas — ,  Johnstown,  Pa. 

644  Watson  Wagon  Co..  Canastota,  N.  Y. 

645  Watson-Stilunan  Co..  453  Rookery.  Chicago. 

646  Waterbury  Rope  Co.,  69  South  St.,  New  York. 

647  Warren  Foundiy  and  Machine  Co.,  Phillipsburg,  N.  J.,  160  Broadway, 

New  York. 

648  Warren  City  Boiler  Works.  Warren,  Ohio. 

649  Wamer-Qmnlan  Asphalt  Co.,  Trinidad  Asphalt,  4  Warner  Bldg.,  Sjrra- 

cuse,  N.  Y. 

652  Weaver-Hirsh  Co.,  Gray  Iron  Castings.  Allentown,  Pa. 

653  Weber  Railway  Joint  Mfg.  Co.,  Empire  Bldg.,  71  Broadway.  New 

York. 

664  Wefugo  Co.,  Cincinnati,  Ohio. 

655  Weir  Frog  Co.,  Cincinnati.  Ohio. 

666  Wells  Lii^t  Mfg.  Co..  Wells  Li^t,  44  Washington  St.,  New  York. 

657  Western  Cement  Co.,  Louisville,  Ky. 

658  Western  Wheeled  Scraper  Co.,  Aurora.  111. 

659  Westinghouse  Air  Brake  Co.,  Pittsburg,  Pa. 

660  Westinghouse  Electric  and  Manufacturing  Co.,  Pittsburg,  Pa. 

661  Westinghouse  Machine  Co.,  Pittsburg,  Pa. 

662  Westmoreland  Steel  and  Mfg.  Co..  Tool  Steels.  Pittsburg,  Pa. 

663  West  Pascagoula  Creosote  Works,  West  Pascagoula.  Miss. 

664  West  Pulverising  Machine  Co.,  220  Broadway.  New  York. 
664.5  Wharton  Railroad  Switch  Co.,  Philadelphia. 

665  Wilcox.  D.—  Mfg.  Co.,  Mechanicsburg,  Pa. 

666  Williams  Bros.,  Machinists,  Ithaca,  N.  Y. 

667  William.  Brown  &  Earle.  918  Chestnut  St..  Philadelphia. 

668  WiUiams.  J.  H—  A  Co.^rookbTi,  N.  Y. 

669  Williamsport  Valve  and  Hydrant  Co..  Williamsport.  Pa. 

670  Wilmot  &  Hobbs  Mfg.  Co.,  Steel,  Strip-steel.  Crucible-steel  Bridge* 

port.  Conn. 

672  Wonhara  &  Magor.  Switches,  29  Broadway,  New  York. 

673  Wood,  Alan—  G).,  Sheet  Iron  and  Steel,  619  Arch  St.,  Philadelphia. 

674  Wood,  R.  D.—  &  Co.,  400  Chestnut  St.,  Philadelphia. 

675  Worth  Bros.  Co.,  Coatesville,  Pa. 

676  Worthington.  HenryR.— ,  120  Liberty  St..  New  Yoric. 

677  Wyman  &  Gordon,  Worcester,  Mass. 

678  Wyoming  Shovel  Works,  Wyoming,  Pa. 

679  Young  &  Sons,  43  North  Seventh  St.,  Philadelphia. 

680  Young-Brennan  Crusher  Co..  Ill  Hancock  St.,  Brooklyn,  N.  Y. 

681  Youn^town  Iron  and  Steel  Roofing  Co.,  Trough  Flooar,  Youpgstown, 

Ohio.  gitized  by  V^OOglt 
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The, following  list  of  books  makes  no  pretensions  to  completeness.  It 
aims  simply  to  oe  usefully  suggestive  to  tne  general  civil  engineer.  A  few 
works,  believed  to  be  specially  useful,  are  designated  bv  single  and  double 
stars.  The  list  is  arranged  according  to  the  Decimal  Classincation  of  Mel- 
ville Dewey.  In  this  classification  (see  outline  below)  all  subjects  are  ar- 
ranged under  ten  general  heads,  and  to  each  of  these  heads  is  assigned  a  niun- 
ber  in  the  hundreds  place,  as  Natural  Science,  500;  Useful  Arts,  600;  etc. 
Then  each  general  head  is  divided  into  ten  sub-heads,  to  each  of  which  a  num- 
ber in  the  tens  place  is  assigned.  Thus,  Natural  Science  (500)  is  subdivided 
into  Mathematics,  510;  Astronomy,  520:  Physics,  530;  etc.  Again,  each 
of  these  is  subdivided,  and  decimally  numbered,  and  this  successive  subdivi- 
sion and  decimal  enumeration  may  be  continued  indefinitely.  To  find  a  sub- 
ject, it  is  best  to  inquire,  first,  under  which  of  the  ten  general  heads  it 
belongs,  then  under  which  sub-head,  and  so  on.  Thus,  Plane  Geometry  is 
seen  to  belong  (1)  under  Natural  Science,  500,  (2)  under  Mathematics,  510, 
and  (3)  under  Creometry,  513.  However,  matter  on  a  special  subject  is 
often  contained  in  books  on  a  more  general  subject  which  embraces  the  spe- 
cial one.  Thus,  matter  pertaining  to  Geometry  (513)  is  found  in  many 
works  which  would  be  classified  under  Mathematics  (510).  Oonversely,  in 
looking  for  books  on  Mathematics,  the  sub-heads,  Algebra,  Geometry,  etc.. 
should  be  consulted  as  well.  In  general,  it  is  advisable  to  look  under  all 
heads  that  may  contain  the  information  wanted.  Thus,  information  on 
Locomotives  may  be  foimd  under  Mechanical  Engineering,  621,  or  under 
Railroads,  625.  To  avoid  duplication  in  such  cases,  however,  one  such  head 
has  usually  been  selected,  and  reference  to  it  made  under  the  other. 
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C  L     Crosby  Lockwood  &  Son,  7  Stationers'  Hall  Court,  London,  E.  C. 

E  N     Engineering  News  Publishing  Co.,  220  Broadway,  New  York,  N.  Y. 
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S  L     Sampson,  Low,  Marston  &  Co.,  London. 

V  N    D.  Van  Nostrand  Co.,  23  Murray  St.,  New  York,  N.  Y. 

W       John  WUey  &  Sons,  43  &  46  E.  19th  St.,  New  York,  N.  Y. 

500       Natural  Science. 

510  Mathematics. 

♦♦Bledsoe,  A.  T.— .     The  Philosophy  of  Mathematics.     L. 

Hutton,  Charles — .     Mathematics.     1818. 

Merriman,  Mansfield —  and  Robert  C.  Woodward.     Higher  Mathematics. 
1vol.     8vo.     Cloth.     $5.00.     W. 

510.8  Tables  and  Mathematical  Instruments. 

Babbage,  Chas. — .     Logarithms  of  Noa.  from  1  to  108,000.    $3.00.     S  C. 

Barlow's  Tables  of  Squares,  Cubes,  Square  Roots,  Cube  Roots,  Recipro- 
cals, to  10,000.     $2.50.      S  C. 

Buchanan,  E.  E.— .     Tables  of  Squares.     $1.00.     S  C. 
♦Chambers's  Mathematical  Tables.     Logarithms  of  Numbers  from  1  to 
108.000,  Trig.,  Nautical  and  other  Tables.     8vo.    Cloth.    $1.75.    V  N. 

Compton,  Alfred  G. — .     Manual  of  Logarithmic  Computations.     3d  ed. 
12mo.     Cloth.     $1.50.     W. 

Hall,  John  L.— .    Tables  of  Squares.    $2.00t     E  N. 
♦Hering,  Carl — .     Tables  of  Equivalents  of  Units  of  Measurement.     W.  J. 
Jolmston.  New  York.  , 

Holman,  Silas  W. — .     Computation  Rules  and  Logarithms.     8vo.     Cloth. 
$1.00.     M. 
♦Hutton,  Charles — .     Mathematical  Tables.     London.     1822. 

Johnson,  J.  B. — .     Three-Place  Logarithmic  Tables,  Numbers  and  Trigo- 
nometric Functions.     15c.  each,  $5.00  per  100.     W. 

Jones,  G.  W. — .     Logarithmic  Tables.     8vo.     $1.00.     M. 

Ludlow,  Lt.,  H.  H. —  and  Edgar  W.  Bass.     Logarithmic,  Trigonometric, 
and  other  Mathematical  Tables.     8vo.     aoth.     $2.00.     W. 

Osbom,  Frank  C. — .     Tables  of  Moments  of  Inertia  and  Squares  of  Radii 
of  Gyration.     175  pp.     $3.00.     V  N  and  E  N. 

Pickworth.  Charles    N.— .     The  Slide   Rule.      12mo.     Flexible  cloth. 
$0.80.     V  N. 

Rankine,  W.  J.  M.— .     Rules  and  Tables.    C  G. 

Skidmore  and  Vidal.    Table  of  Tangents.     4to.     Cloth.     $2.00.     V  N. 

Unwin,   W.  C. — .     Short  Logarithmic  and  other  Tables.     Small   4to. 
Clott.     $1.40.     SC. 

Tables.     See  also  under  subject  in  question. 

Surveying  Instruments.     See  526.91. 

512  Algebra. 

Chrystal.  G.— .    Algebra.    Part  I.    8vo.    $3.75.  Part  II.  8vo.    $4.00.    M. 
Lfibsen,  H.  B. — .     Mathematics  Self  Taught.     Arithmetic  and  Algebra. 
Translated  and  published  by  H.  H.  Suplee,  120  Liberty  St.,  New  York. 
Smith,  Charles—.     Algebra.     $1.90.     M. 

Todhunter,  I. — .     A  Treatise  on  the  Theory  of  Equations.    $1.80.     M. 
Todhimter,  I. — .     Algebra.     16mo.     $0.75.     M. 
Wentworth^  G.  A.—.     Algebra.     G. 

513  Geometry. 
♦Chauvenet.  William — .     Geometry.     L. 

Halstead.  Geo.  Bruce — .    Elements  of  Geometry.   8vo.  Cloth.    $1.75.  W. 
Wentworth,  G.  A. — .     Geometry.     G. 
Analytical  Geometry.     See  516. 
Descriptive  Geometry.     See  515. 

♦     ♦♦  Believed  to  be  specially  useful.  ([^OOqIc 
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514  Trigonometry. 

Todhunter,  I. — .     Trigonometry.     Plane — .     M. 
Todhunter,  I. — .     Trigonometry.     Spherical — .     M. 

515  Descriptive  Geometry. 

See  744.     Drawing. 

516  Analytical  Geometry. 

Johnson,  W.  W. — .     Curve  Tracing  in  Carteeian  Ck>-ordinate8.     12ma 

aoth.     SI. 00.     W. 
Todhunter.  I. — .     Treatise  on  Plane  Co-ordinate  Geometry.     $1.80.     H . 
Todhimter.  I. — .     Examples  of  Anal.  Geom.  of  Three  Dimensions.   $1.  M. 

517  Calculus. 

♦Barker,  Arthur  H.— .     Graphical  Calculus.     197  pp.     8vo.    S1.60.     L  G. 
Greenhill,  A.  G.— .     Differential  and  Integral  Calculus.     $2.60.     M. 
Johnson,  W.  W. — .     An  Elementary  Treatise  on  the  Integral  Calculus. 

Small  8vo.     243  pp.     Cloth.     $1.50.     W. 
Rice,  J.  M. —  and  Johnson,  W.  W. — .    An  Elementary  Treatise  on  the 

Differential  Calculus.     Small  8vo.     485  pp.     Cloth.    $3.00.     Same, 

abridged,  208  pp.     $1.50.     W. 
Todhunter,  I. — .     Calculus,  Differential — Integral.     $2.60  each.     M. 
WansbrouA^,  Wm.  D. — .    The  A.  B.  C.  of  the  Differential  Calculus. 

12mo.     Cloth.     $1.50.     V  N. 
519  Probabilities.    Least  Squares. 

Johnson.  W.  W. — .     The  Theory  of  Errors  and  the  Method  of   Least 

Squares.     12mo.     182  pp.     Cloth.     $1.50.     W. 
Merriman,  Mansfield — .    The  Method  of  Least  Squares.    7th  ed.     Svo. 

aoth.     $2.00.     W. 
5;30  Astronomy. 

Doolittle.  C.  Li. — .     A  Treatise  on  Practical  Astronomy.     8vo.     652  pp. 

Cloth.     f4.00.     W. 
Loomis,  Ellas — .     Practical  Astronomy.     Harper  &  Bros.,  New  York. 
Young,  C.  A.—.     Astronomy.     G. 

526  Geodesy. 

Comstock,  George  C— .    A  Text-Book  of  Field  Astronomy  for  Engineers. 

Svo.     213  pp.     aoth.     $2.50.     W.' 
Gore,  J.  H.— .     Elements  of  Geodesy.     Svo.     aoth.     $2.50.     W. 
Hayford,  John  F.— .     Geodetic  Astronomy.     Svo.     Cloth.     $3.00.     W. 
Merriman,  Mansfield — .     The  Elements  of  Precise  Survejdng  and  Geodesy. 

Svo.     Cloth.     $2.50.     W. 
Least  Squares.     See  519. 
526.9  Surreyins* 

Burt,  W.  A. — .     Key  to  the  Solar  Compass,  and  Surveyor's  Companion. 

5th  ed.     Pocket-book  form.     $2.50.    V  N. 
Clevenger,  S.  R. — .     A  Treatise  on  the  Method  of  Government  Surveying 

as  prescribed  by  the  U.  S.  Congress  and  Commissioner  of  the  General 

Land  Office.     16mo.     Morocco.     $2.50.     V  N. 
Gillespie,  W.  M. —  LL.D.     Treatise  on  Land-Surveying.     A. 
Gribbie,  Theodore  Graham — .    Preliminary  Survey  ana  Estimates.    Svo. 

Cloth.     415  pp.     L  G. 
*  Johnson,  J.  B. — ,     The  Theory  and  Practice  of  Survejring.     Revised  and 

enlarged.     900  pp.     15th  ed.     Small  Svo.     aoth.     $4.00.     W. 
Merriman,  Mansfield —  and  John  P.  Brooks.     Haod-Book  for  Surveyors. 

2d  ed.     16mo.     Morocco.     $2.00.     W. 
Nugent,  Paul  C. — .     Plane  Surveying.     Svo.     593  pp.     320  figures. 

Cloth.     $3.60.     W. 
Plympton,  Geo.  W. — .    The  Aneroid  Barometer:  Its  Construction  and 

Use.     ISmo.     $0.50.     V  N. 
^Williamson,  R.  S. — .     On  the  Use  of  the  Barometer  on  Surveys  and  Reo- 

onnoissances.     4to.     Ooth.     $15.00.     V  N. 
Winalow,  Arthur — .     Stadia  Surveying.     ISmo.     $0.50.     V  N. 
Railroad  Surveying.     See  also  625.1a. 

526.91  Instruments. 

Baker,  Ira  O. — .     Engineers'  Surveying  Instruments.     2d  ed.     400  pp. 
12mo.     aoth.     $3.CX).     W. 
♦United  States  Coast  and  Geodetic  Survey.     The  Plane  Table:   Its  Uses 
in  Topographical  Survejring.     Svo.     Cloth.     $2.00.     V  N. 
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Webb,  W.  L. — .  Problems  in  the  Use  and  Adjustment  of  Emdneering 
Instruments.     Revised  and  enlarged.     16mo.     Morocco.     $1.25.     W. 

596.94  LeveUng. 

Baker,  Ira  O. — .  Leveling:  Barometric,  Trigonometric,  and  Spirit. 
$0.60.     VN. 

526.98  Topography. 

*Haupt,  Lewis  M. — .  The  Topographer:  His  Instruments  and  Methods. 
J.  M.  Stoddard,  PhUa.,  1883. 

Reed,  Lt.,  Henry  A. — .  Topographical  Drawing  and  Sketching.  In- 
cluding Photography  Applied  to  Surveying,  lllus.  4th  ed.  4to. 
Cloth.     $5.00.     W. 

Specht.  Geoi]Ke  J.—,  A.  S.  Hardy,  John  B.  McMaster,  H.  F.  Walling.  Topo- 
graphical Surveymg.     18mo.     $0.50.     V  N. 

Wilson,  Herbert  M. — .  Topographic  Surveying,  including  Geograjphic, 
Exploratory  and  Military  Mapping,  with  Hmts  on  Camping,  ffmer- 
gency  Surgery  and  Photography.     8vo.     Cloth.     $3.50.     W. 

580  Physics. 

♦Barker,  George  F. — .     Physics,  Advanced  Course. 

*Deschanel,  A.  Privat — .     Elementary  Treatise  on  Natural  Philosophy. 

Translated  by  J.  D.  Everott.     A. 
♦Ganot.     Physics.    Translated  by  E.  Atkinson,  Ph.D.    Wm.  Wood  &  Co., 
New  York. 
Tait.  P.  G.— .     Properties  of  Matter.     3d  ed.     $2.26.     M. 
Meteorology.     See  551.5. 

531  Mechanics. 

Ball,  Robert  Stawell — .     Experimental  Mechanics.     M. 

Church,  I.  P. — .     Mechanics  of  Engineering.     8vo.     Cloth.     $6.00.     W. 

Church,  I.  P. — .  Notes  and  Examples  in  Mechanics.  136  pp.  8vo. 
Cloth.     $2.00.     W. 

DuBois,  A.  Jay — .  Mechanics.  Vol.  I,  Kinematics,  $3.50;  Vol.  II,  Sta- 
tics, $4.00;  Vol.  lU,  Kinetics,  $3.50.     8vo.     Cloth.     W. 

DuBois.  A.  Jay — .  The  Mechanics  of  Engineering.  Small  4to.  Cloth. 
Vol.  I,  669  pp.     $7.50.     Vol.  II.  632  pp.     $10.00.     W. 

Goodeve,  T.  M. — .     Principles  of  Mechanics.     L  G. 

Greene,  Chas.  E. — .     Structural  Mechanics.     271  pp.     $3.00.     E  N. 
*Lansa,  Ptof .  G. — .     Applied  Mechanics  and  Resistance  of  Materials.     7th 
ed.     8vo.     Cloth.     $7.50.     W. 

Mach,  Dr.  Ernst — .     Tlie  Science  of  Mechanics.     Translated  by  Thos.  J. 
McCormack.     12mo.     534  pp.     $2.50.     Open  Court  Publishing  Co. 
♦Maxwell.  J.  Clerk— .     Matter  and  Motion.     18mo.     $0.50.     V  N. 
*Merriman,  Mansfield — .     Text-Book  on  Mechanics  of  Materials.     8th  ed. 
8vo.     Cloth.     $4.00.     W. 

Michie,  Peter  S. — .  Elements  of  Analytical  Mechanics.  4th  ed.  8vo. 
Cloth.     $4.00.     W. 

Horin,  A. — .  Fimdamental  Ideas  of  Mechanics  and  Experimental  Data. 
Revised  and  translated  by  Joseph  Bennett.     1860.    A. 

Moseley,  Henry — .  The  Mechanical  Principles  of  Engineering  and  Archi- 
tecture.    With  additions  by  D.  H.  Mahan.     W. 

Nystrom,  John  W. — .  A  New  Treatise  on  Elements  of  Mechanics.  352 
pp.     8vo.     Cloth.     $3.00.     B. 

Perry,  John — .  Practical  Mechanics.  Edited  by  W.  R.  Ayrton;  3^ 
shillings.     VN. 

Rankine,  W.  J.  M. — .     Mechanical  Text-Book.     0  shillings.     CG.. 

Rankine,  W.  J.  M. — .     Applied  Mechanics.     8vo.     Cloth.     $5.00.     C  G. 

Weisbach,  Julius — .  Mechanics  of  Engineering  and  Machinery.  Trans- 
lated by  J.  F.  Klein.     2d  ed.     8vo.     Qoth.     $5.00.     W. 

Weisbach,  Julius — .  Mechanics  of  Engineering.  Translated  by  Eckley 
B.  Coxe.     1vol.     Large  8vo.     1112  pp.     902  illus.     $10.00.     V  N. 

Weisbach,  Julius — .  A  Manual  of  Theoretical  Mechanics.  Translated  by 
Eckley  B.  Coxe.     1100  pp.     8vo.     Cloth.     $10.00.     V  N. 

Wood,  De  Volson — .  The  Elements  of  Analytical  Mechanics.  6th  ed. 
600  pp.     8vo.     Cloth.     $3.00.     W. 

Ziwet,  Alexander — .  An  Elementary  Treatise  on  Theoretical  Mechanics 
— Kinetics — Statics — Dsniamics.     $2.25  each.     In  one  vol.,  $5.00.     M. 

*     **  Believed  to  be  specially  useful.    ^-^  x 
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Hydromeebanics.    See  632. 

Machinery  and  Ajjplied  Mechanics.     See  also  621.8. 

Strength  of  .Materials.     See  620.1. 

531.2  Statics. 

Johnson,  L.  J. — .     Statics  by  Algebraic  and  Graphic  Methods.     8vo. 
141  pp.     Cloth.     S2.00.     W. 
♦Lock,  J.  B. — .     £lementary  Statics.     M. 
Todhunter,  I. — .     A  Treatise  on  Analytical  Statics.     $2.60.     M. 
Arches.     See  624.6. 
Testing  and  Strength  of  Materials.     See  620.1. 

531.3  Dynamics.     Kinetics. 

Gamett,  William — .     A  Treatise  on  Elementary  Dsmamics.     6  shillings. 
GB. 
♦Lock,  J.  B. — .     Dynamics  for  Beginners.     M. 
Tait,  P.  G.— .     Dynamics.     $2.50.     M. 

531.4  Work.    Friction. 

♦Thurston,  Robt.  H. — .     Treatise  on  Friction  and  Lost.  Work  in  Machinery 
and  Mill  Work.     6th  ed.     8vo.     Qoth.     $3.00.     W. 

531.6  Energy. 

Stewart,    Balfour — .     The'   Conservation    of    Energy.     12mo.     Cloth. 
$1.60.     A. 

581.7  Power. 

Flather,  J.  J. — .     Dynamometers,  and  the  Measurement  of  Power.     394 
pp.     12mo.     aoth.     $3.00.     W. 

532  Hydraulic^. 

Bovey,  Henry  T.— .    A  Treatise  on  Hydraulics.    8vo.    Cloth.    $5.00.    W. 

♦♦Coffin,  Freeman  C. — .     The  Graphical  Solution  of  Hydiaulic  Problems. 

80  pp.     16mo.     Morocco.    $2.60.    W. 

Fidler,  T.  Claxton — .    Calculations  in  Hydraulic  Engineering.     167  pp. 

8vo.     $2.60.     LG. 

♦Merriman,   Mansfield — .      A  Treatise  on  Hydraulics.      8vo.      Cloth. 

$6.00.     W. 
♦Unwin,  W.  C. — .     Hydromechanics.     Encyclopedia  Britannica. 
Hydraulic  Engineering.     See  626  and  627. 
Hydraulic  Motors.     See  621.2. 
Waterworks.     See  628.1. 
See  also  imder  631. 

532.5  Fluids  in  Motion. 

Bazin,  H. — .     Experiments  upon  the  Contraction  of  the  Liquid  Vein 
Issuing  from  an  Orifice.    Translated  by  John  C.  Trautwine,  Jr.     8vo. 
aoth.     $2.00.     W. 
♦Flynn,  P.  J. — .    Flow  of  Water  in  Open  Channels,  Pipes,  Conduits, 

Sewers,  etc.     With  Tables.     18mo.     $0.60.     V  N. 

♦♦Francis,   Jas.    B. — .      Lowell   Hydraulic   Exi>eriments.      4to.      Cloth. 

$15.00.     V  N. 

Ganguillet,  E. —  and  W.  R.  Kutter.     A  General  Formula  for  the  Uniform 

Flow  of  Water  in  Rivers  and  Other  Channels.     Translated  by  Rudolph 

Hering  and  John  C.  Trautwine,  Jr.     2d  ed.     8vo.     Cloth.     $4.00.     W. 

♦Herschel,  Clemens — .     One  Hundred  and  Fifteen  Experiments  on  the 

Caring  Capacity  of  Large,  Riveted,  Metal  Conduits.     8vo.     Cloth. 

Moore,  C.  8. — .     New  Tables  for  the  Complete  Solution  of  Ganguillet  and 
Kutter^s  Formula.     6"  X  9",  231  pp.     16  shillings.     B. 
♦Weston,  Edmund  B. — .     Tables  Showing  Loss  of  Head  Due  to  Friction  of 
Water  in  Pipes.     170  pp.     $1.60.     V  N  and  E  N. 

See  also  under  628.1,  Waterworks. 

533  Pneumatics. 

Blowers.  Pimips.     See  621.6. 
Meteorology.     See  561,6. 
See  also  under  631  and  632. 

♦    ♦♦  Believed  to  be  specially  useful^  j 
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535  Uffht. 

Tait,  P.  G.— .     Light.     $2.00.     M. 

536  Heat. 

Barr,  Wm.  M.— .     A  Practical  Treatise  on  the  Combustion  of  Coal.     307 

pp.     8vo.     aoth.     $2.50.     B. 
Garnett,  William — .     An  Elementary  Treatise  on  Heat.     3  s.  6  d.     G  B. 
Maxwell,  J.  Clerk—.     Theory  of  Heat.     367  pp.     12mo.     $1.60.     L  G. 
Tait,  P.  G.—.     Heat.     $2.50.     M. 
*Tyndall,  John — .     Heat  Considered  as  a  Mode  of  Motion. 
Steam.     See  621.1. 
Heating  and  Ventilating.    See  697. 

537-8  Electricity  and  Magnetism. 

Jenkin,    Fleeming — .     Electricity    and    Magnetism.     416    pp.     12mo. 

$1.25.     LG. 
Electrical  Machines  and  Instrwnents.     See  621.3. 

540  Chemistry. 

Phillips,     Joshua — .     Engineering     Chemistry.     2d    ed.      8vo.     Cloth. 

$4.00.     VN. 
Remsen,  Ira — .     Chemistry.     Henry  Holt  &  Co.,  New  York. 
Sexton,  A.  H. — .     Chemistry  of  the  Materials  of  Engineering.     12mo. 

Cloth.     $2.60.     V  N. 
Potable  Waters.    See  628.1. 

550  Geology. 

Merrill,  G.  P.—.     Rocks,  Rock  Weathering,  and  Soils.     8vo.     $4.00.     M. 

Stockbridge,  Horace  Edward — .  Rocks  and  Soils.  Their  Origin,  Compo- 
sition, and  Characteristics;  Chemical,  Geological,  and  Agricultural. 
With  15  full-paee  plates.     2d  ed.     8vo.     Cloth.     $2.60.     WT 

Tarr,  R.  S. — .  Economic  Geology  of  the  United  States.  8vo.  Cloth. 
$3.60.     M. 

Tillman,  S.  E. — .  A  Text-Book  of  Important  Minerals  and  Rocks.  8vo. 
Cloth.     $2.00.     W. 

Building  Stones.     See  691.2. 

Mining.     See  622. 

551.5  Meteoroloiry* 

Ferrcl,  William — .     A  Popular  Treatise  on  the  Winds.     2d  ed.    8vo. 

aoth.     $4.00.     W. 
♦Russell,  Thomas — .     Meteorology.     8vo.     Cloth.     $4.00.     M. 
Williamson,  R.  S. — .    Practical  Tables  in  Meteorology  and  Hypsometry  in 

Connection  with  the  Use  of  the  Barometer.    4to.     Cloth.    $2.60.    V  N. 

600        Useful  Arts. 

620  Engineering. 

Brooks,  Robt.  C. — .     A  Bibliography  of  Municipal  Problems  and  City 

Conditions.     346  pp.     Cloth.     $1.60.     Reform  Club. 
Carpenter,  R.  C. — .     Experimental  Engineering.     5th  ed.     Revised  1897. 

8vo.     Cloth.     $6.00.     W. 
Crehore,  Wm.  W. — .     Tables  and  Diagrams  for  Engineers  and  Architects. 

$0.26 to $0.50 each.     Set,  $7.50.     EN. 
Cross,  C.  S. — .     Engineers' Field  Book.     4th  ed.     166  pp.     $1.00.     EN. 
Dawson,  Philip — .     The  "Engineering*'  and  Electric  Traction  Pocket- 

Book.     1056  pages.     1300  ilTus.     16mo.     Morocco  flap.     $5.00.     W. 
Goodhue,  W.  F. — .     Municipal  Improvements.     3d  ed.     12mo.     Cloth. 

$1.75.     W. 
Haupt,   L.   M. — .      Engineering  Specifications  and  Contracts.      J.   M. 

Stoddard  &  Co.,  Phila. 
Hurst.     Tables  and  Memoranda  for   Engineers.      Vest-pocket   edition. 

64mo.     Roan.     $0.50.     SC. 
•♦Johnson,  J.  B. — .    Engineering  Contracts  and  Specifications.    $3.00.  E  N. 
Kempe,  H.  R. — .     The  Engmeer's  Year-Book.     670  pp.     Crown  8vo. 

Leather.     $3.00.     C  L. 
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'    ^Molesworth  and  Hurst.    The  Pocket  Book  of  Pocket  Books.     32mo. 

Russia.     S5.00.     S  C. 
Philbrick,    P.    H. — .     Field   Manual    for   Engineera.     16mo.     Moroooo. 

$3.00.     W. 
Rankine,  W.  J.  M. — .     Useful  Rules  and  Tables  for  Engineers  and  Others. 

8vo.     Cloth.     $4.00.     VN. 
♦Shunk,    W.    F.— .     The   Field   Engineer.     11th   ed.     12mo.     Morocco. 

tucks.     $2.50.     VN: 
Smart,  Richard  A. — .     A  Hand-Book  of  Engineering  Laboratory  Practice. 

290  pp.     12mo.     Cloth.     $2.50.     W. 
Wait,   John   Cassan — .     Engineering  and  Architectural  Jurisprudence. 

985  pp.     Svo.     Cloth,  $6.00;  sheep,  $6.50.     W. 
Wait,  John  Cassan — .     The  Law  of  Operations  Preliminary  to  Constnie- 

tion  in  Engineering  and  Architecture.     720  pp.     Svo.     Cloth,  $5.00; 

sheep.  $5.60.     W. 
Weale,  John — .     A  Dictionary  of  Terms  Used  in  Architecture.  Building. 

Engineering,  Mining,  Metallurgy,  Archeology,  the  Fine  Arts.  etc.     6th 

ed.     12mo.     Cloth.     $2.50.     V  N. 
Retaining  Walls,  etc.     See  721.1. 
River  Embankments.     See  627. 
Raiboad  Earthwork.     See  625.  lac. 

6^.c  Civil  Engineering. 

Butts,  Edward — .     The  Civil  Engineers'  Field  Book.     16mo.     Morocco. 

$2.50.     W. 
Mahan,  D.  H. — .     A  Treatise  on  Civil  Engineering.     Rertrised  by  Do  Vol- 

son  Wood.     New  chapter  on  Rivw  Improvements  by  F.  A.  Mahan. 

Svo.     Cloth.     $5.00.     W. 
♦Patton,  W.  M. — .     A  Treatise  on  Civil  Engineering.     Svo.     Half  leather. 

$7.50.     W. 
Rankine,  W.  J.  M. — .     A  Manual  of  Civil  Engineering.     20th  ed.     Svo. 

Cloth.    $6.50.     CO. 
Trautwine,  John  C. — .     The  Civil  Engineer's  Pocket-Book.     Revised  and 

enlarged  bv  John  C.  Trautwine.  Jr.,  and  John  C.  Trautwine  3d.     18th 

ed..  70th  thousand.     16mo.     Morocco,  gilt  edges.     ^.00.     W,  C  H. 
Wheeler.  J.  B. — .     An  Elementary  Course  of  Civil  Engineering.     Svo. 

Cloth.     $4.00.     W. 

e20A  Indexes. 

♦Assn.  Eng.  Soc.  John  C.  Trautwine,  Jr.,  Sec'y.  Descriptive  Index  of  Cur- 
rent Engineering  Literature.  Vol.  I,  1884-1891.  $5.00.  257  S.  4th 
St.,  Phila. 

Engineering  Magazine.  Descriptive  Index  of  Current  Engineering  Litera- 
ture. *Vol.  n.  1892-1895,  $5.00.  **Vol.  III.  1896-1900.  120  Liberty 
St.,  New  York. 

Galloupe,  F.  E. — .  Index  to  Engmeenng  Periodicals.  18S8-1S92. 
$3.00.     R  G. 

820.1  Strength  of  Materials. 

Baker.  B. — .     On  the  Strengths  of  Beams,  Columns,  and  Arches.     V  N. 
Bovey.  Henry  T. — .     Theory  of  Structure  and  Strength  of  Materials.     3d 

ed.     830pp.     Svo.     Ck)th.     $7.50.     W. 
Burr,  W,  if. — .     Elasticity  and  Resistance  of  Materials  of  Engineering. 

6th  ed..  Re-written.     772  pp.     Svo.     Cloth.     $7.50.     W. 
Johnson,  J.  B.— .     The  Materials  of  Construction.     Large  Svo.     810  pp. 

Cloth.     $6.00.     W. 
Martens,  Adolph— :.    Hand-Book  on  Testing  Materials.    Part  T :  Methods, 

Machines  and  Auxiliary  Apparatus.     Translated  by  Gus.  C.  Henning, 

ME.     2  vols.     Svo.     Cloth.     $7.50.     W. 
*Merriman,    Mansfield — .     The  Strength  of   Materials.     2d  ed.      12mo. 

Cloth.     $1.00.     W. 
Moore  ana  Kidwell.     Tables  of  Safe  Loads  for  Wooden  Beams  and  Col- 
umns.    57  pp.     $0.60.     EN.  ,«      . 
Spangenburcr,  Ludwig — .     The  Fatigue  of  Metals  under  Repeated  Strams. 

Translated.     18mo.     $0.60.     V  N. 
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ThurstoD,  Robert  H.— .    A  Text-Book  of  the  Materials  of  Construction 

8vo.     785  op.     Cloth.     $6.00.     W. 
Unwin.  W.  0. — .     The  Testing  of  Materials  of  Construction.     600  pp. 

8vo.     Sd.OO.     LQ. 
Wood,  De  Volson — ,    A  Treatise  on  the  Resistance  of  Materials,  and  an 

Appendix   on   the   Preservation   of   Timber.    7th   ed.     8vo.     Cloth. 

$2.6o.     W. 
See  also  721.  Architectural  Construction;  624,  Bridges;  601,  etc.;  632, 

Mechanics;  632.2,  Statics. 
621  Mechanical  Engineering. 

Clark,    D.    Kinnear — .     The    Mechanical   Engineer's   Pocket-Book   of 

Tables.  FormuUe,  Rules,  and  Data.     3d  ed.     700  pp.     8vo.     Leather. 

6  shillings.     C  L. 

Clark,  D.  Kinnear — .    A  Manual  of  Rules,  Tables,  and  Data  for  Mechani- 
cal Engineers.     1012  pp.     6th  ed.     8vo.     Qoth.     $6.00.     Y  N. 

Kennedy.  Alex.  B.  W. — .     The  Mechanics  of  Machinery.     M. 
**Kent.  William — .    The  Mechanical  Engineer's  Pocket-Book.     1100  pp. 
6th  ed.     16mo.     Morocco.     $6.00.     W. 

Lockwood's  Dictionary  of  Terms  Used  in  the  Practice  of  Mechanical  Engi- 
neering.    Edited  by  Joseph  G.  Homer.     6000  definitions.     8vo.    Cloth. 

7  8.  6  d.     CL. 

Rankine,  W.  J.  M. — .     A  Manual  of  Machinery  and  Millwork.     680  pp. 
CQ. 
♦*Reuleaux,  F. — .    The  Constructor.     Translated  by  H.  H.  Suplee.     $7.60. 
312  pp.     1200  illustrations.     Eng.  Mag..  120  Liberty  St.,  New  York. 
♦Unwin,  W.  C. — .     Elements  of  Machine  Design.     Part  I,  General  Princi- 
ples, 476  pp.     $2.00.     Part  II,  Engine  Details,  306  pp.     $1.60.     LQ. 
Weisbach,  Dr.  Julius —  and  Prof.  Gustav  Herrmann.     The  Mechanics  of 
HcMsting  Machinery,   including  Accumulators,   Excavators  and   Pile 
Drivers.     Translated  by  Karl  P.  Dahlstrom.     8vo.     Cloth.     332  pp. 
177  illus.     $3.76.     M. 
621.1  Steam  Engineering. 

♦Holmes,  Geo.  C.  V. — .     The  Steam  Engine.     12mo.     $2.00.     L  G. 
♦Pray,  Thomas —  Jr.     Steam  Tables  and  Engine  Constants.     Compiled 
from  Remault,  Rankine,  and  Dixon.     8vo.     Cloth.     $2.00.     V  N. 
Rankine,  W.  J.  M. — .     A  Manual  of  the  Steam  Engine  and  other  Prime 

Movers.    C  G. 
Spangler,  H.  W.— ;  Greene.  W.  M.— ;  Marshall,  S.  M.— .     The  Elements 

of  Steam  Engineering.     8vo.     Cloth.     273  pp.     $3.00.     W. 
Thurston,  Robert  H. — .    Handy  Tables.    From  the  "Steam-Engine  Man- 
ual."    8vo.     Cloth.     $1.50.     W. 
Thurston,  Robert  H. — .     A  Manual  of  the  Steam-Engine.     Part  I,  Struc- 
ture and  Theory;  Part   II,   Design,   Construction,   Operation.     Each 
part,  8va  1000  pp.,  $6.00.     Two  parts,  $10.00.     W. 
Whitham,  Jay  M. — .     Steam-Engine  Design.     8vo.     Cloth.     $6.00.     W. 
631.13  Locomotives. 

♦♦Forney,  Mathias  N. — .    Catechism  of  the  Locomotive.    $3.60.    V  N   & 
RG. 
Meyer,   J.   G.   A. — .     Modem   Locomotive   Construction.     4to.     Cloth. 

$10.00.     W. 
Reagan,  H.  C. — .    Locpmotives:  Simple,  Compound  and  Electric.  12mo. 

617  pp.     Cloth.     $2.50.     W. 
"Railroad  Gasette."     Modem  Locomotives.     $7.00.     R  G. 

621.18  Steam  Generation. 

Barr,  Wm.  M. — .     A  Practical  Treatise  on  High  Pressure  Steam  Boilers. 

466  pp.     8vo.     Cloth.     $3.00.     B. 
♦Heine  Safety  Boiler  Co.     "Helios."     (Tables.)     Published  by  author. 
Peabody,  Cecil  H. —  and  Miller,   Edward  F.— .     Steam  Boilers.     8vo. 

384  pp.     Cloth.     $4.00.     W. 
Thurston,  R.  H. — .    A  Manual  of  Steam-Boilers :  Their  Designs,  Con.struc- 

tion,  and  Operation.     6th  ed.     8vo.     Cloth.     $6.00.     W. 
♦Wilson.  Robert — .     A  Treatise  on  Steam-Boilers.     Enlarged  and  Illus- 

trated  by  J.  J.  Flather.     3ded.     12mo.     Cloth.     $2.60.     W. 
Steam  Heating.     See  697. 
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621.2  Water  Engines  and  Motors. 

♦♦Francis,     Jas.     B. — .     Lowell     Hydraulic     Experiments.    4to.     Cloth. 
$15.00.     V  N. 
♦Frizell,  J.  P.—.     Water  Power.     684  pp.     8vo.     aoth.     $6.00.     W. 
Weisbach,  Julius — .     Hydraulics  and  Hydraulic  Motors.     Translated  by 

A.  J.  Du  Bois.    2d  ed.     Ulus.     8vo.     Cloth.     $5.00.    W. 
Wood,  De  Volson— .    Turbines.     Old  ed^Svo,  cloth,  $1.00;  2d  ed.,  re- 
vised and  enlarged,  8vo,  cloth,  $2.50.     W. 
See  also  532.     Pumps,  621.6. 

621.3  Electrical  Ensrineerlng. 

♦Foster,  H.  A.—.     Electrical  Engineer's  Pocket-Book.     V  N. 

Haupt,  Herman — .  Street  Railway  Motors.  213  pp.  12mo.  Cloth. 
$1.75.     B. 

Rosenberg,  E.— ,  Haldane  Gee,  W.  W.— ,  Kinzbnmner,  Carl—.  Electri- 
cal Engineering.     8vo.     275  pp.     Cloth.     $1.50  net.     W. 

See  also  ^. 

621.4  Air,  Gas,  and  Other  Motors. 

Goldingham,  A.  H. — .    The  Design  and  Construction  of  Oil  Engines.     196 

pp.     $2.00.     SC. 
♦Kennedy,  A.  B.  W. —   and  W.  C.  Unwin.    Transmission  by  Air-Power. 

18mo.     $0.50.     V  N. 
Richards,  Frank — .     Compressed  Air.     12mo.     Cloth.     $1.50.    W. 
Saunders,  W.  L. — .     Compressed  Air  Production.    58  pp.     $1.00.     E  N. 
Wolflf.  A.  R.— .    The  Windmill  as  a  Prime  Mover.    2d  ed.    8vo.    Cloth. 

$3.00.     W. 
621.6  Blowing  and  Pumping  Engines. 

Barr,  Wm.  H. — .     Pumps.     L. 
Weisbach,  Julius —  and  Gustave  Hermann.     The  Mechanics  of  Pumping 

Machinery.    Translated  by  K.  P.  Dahlstrom.     8vo.     $3.75.     M. 

621.8  Transmission  Mechanism. 

Cooper,  John  H. — .     A  Treatise  on  the  Use  of  Belting  for  the  Transmission 

of  Power.     8vo.     Cloth.     $3.60.     B. 
Flather,  J.  J.—.     Rope  Driving.     12mo.     Cloth.     $2.00.     W. 
Kerr,    E.   W. — .      Power  and    Power    Transmission.      8vo.      368  pp. 

aoth.     $2.00.     W. 
Stahl,  Albert  W. — .     Transmission  of  Power  by  Wire  Ropes.     18mo. 

$0.50.     VN. 
Principles  of    Mechanism.      See  also  531,   Mechanics.      See  also  621, 

Mechanical  Engineering. 

622  Mining. 

Bowie,  Aug.  J. —  Jr.     A  Practical  Treatise  on  Hydraulic  Mining  in  Cali- 
fornia.    5th  ed.    Small  4to.    Cloth.    $5.00.     V  N. 
♦Drinker,    Henry   S. — .     Tunneling,    Explosive   Compounds,   and   Rock 

Drills.     lOOOIllus.     3d  ed.     4to.     Half-bound.     $25.00.     W. 
Hermann,  E.  A. — .     Steam  Shovels  and  Steam  Shovel  Work.     60  pp. 

$1.00.     E  N. 
Ihlseng,  M.  C— .   A  Manual  of  Mining.   8vo.   585  pp.    Cloth.   $4.00.    W. 
Prelim,  Charles— .     Tunneling.     311pp.     6"  X  Oi''.     $3.00.     V  N. 
Simms,  W.  F.— .     Practical  Tunneling.    4th  ed.     8vo.     Cloth.     $12.00. 

VN. 
Wilson,    E.  B.— .    Hydraulic  and  Placer  Mining.    12mo.    Cloth.    $2.00. 

W. 
Retaining  Walls,  etc.     See  721.1. 
Explosives.     See  also  660. 
624  Bridges  and  Roofs. 

Baker»    B. — .     Long-Span    Railway    Bridges.    97    pp.     12mo.     Cloth. 

$1.00.     B. 
Bender,  Charles  E. — .     Proportions  of  Pins  Used  in  Bridges.     18mo. 

$0.50.     VN. 
Boiler,  A.  P. — .     Practical  Treatise  on  the  Construction  of  Iron  Highway 

Bridges.      (Written   in   popular  language.)      4th   ed.     8vo.     Cloth. 

$2.00.     W. 

♦     ♦♦  Believed  to  be  specially  useful. 
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Boiler,  A.  P. — .  The  Thames  River  Bridge.  Limited  edition.  Illua.  4to. 
Paper.     $5.00.     W. 

Burr,  W.  H. — .  Stresses  in  Bridges  and  Roof  Trusses,  Arched  Ribs,  and 
Suspension  Bridges.  9th  ed.  Revised.  Plates.  8vo.  Cloth.  $3.50. 
W. 

Chanute,  O. —  and  George  S.  Morison.     The  Kansas  City  Bridge.     4to. 
Cloth.     $6.00.     V  N. 
♦Fijller,  T.  Claxton — .     A  Practical  Treatise  on  Bridge-Construction.     2d 

ed.  8vo.  30  shillings.  C  G. 
♦Green.  Chas.  E. — .  Graphics  for  Engineers,  Architects,  and  Builders. 
Part  I:  Roof  Trusses.  Diagrams.  New  revised  ed.  8vo.  Cloth. 
$1.26.  Parlll:  Bridge  Trusses.  New  revised  ed.  8vo.  Cloth.  $2.50. 
Part  III:  Arches  in  Wood,  Iron,  and  Stone.  3d  ed.  8vo.  Cloth.  $2.50. 
W. 

Johnson,  J.  B.— ,  Bryan,  C.  W.— ,  Tumeaure.  F.  E.—.  The  Theory  and 
Practice  of  Modern  Framed  Structures.  Small  4to.  538  pp.  Cloth. 
$10.00.     W. 

MoMaster,  John  B. — .  Bridge  and  Tunnel  Centers.  18mo.  $0.50.  V  N. 
♦♦Merriman,  Mansfield —  and  Henry  S.  Jacoby.  A  Text-Book  on  Roofs  and 
Bridges.  Part  I:  Stresses  in  Simple  Trusses.  5th  ed.,  revised  and  en- 
Urged.  8vo.  Cloth.  $2.50.  Part  II:  Graphic  Statics.  3d  ed.,  en- 
larged. With  5  folding  plates.  8vo.  Cloth.  $2.50.  Part  III*. 
Bnd^  Design.  3d  ed.  8vo.  Cloth.  $2.50.  Part  IV:  Cantilever, 
Contmuous,  Draw,  Suspension  and  Arch  Bridges.  2d  ed.  8vo. 
Cloth.     $2.50.     W. 

Morison,  George  S. — .     The  Memphis  Bndgfi.     $10.00.     W. 

Bitter,  August — .     Iron  Bridges  and  Roofs.     Translated  by  H.  R.  San- 
key.     SC. 
♦Waddell,  J.  A.  L.— .     De  Pontibus.     A  Pocket-Book  for  Bridge  Engi- 
neers.    416  pp.     16mo.     Morocco.     $3.00.     W. 

Whipple,  S. — .  An  Elementary  and  Practical  Treatise  on  Bridge  Build- 
ing.    8vo.     Cloth.     $3.00.     VN. 

Wood,  De  Volson — .  A  Treatise  on  the  Theory  of  the  Construction  of 
Bridges  and  Roofs.  Illus.  6th  ed.  Revised  and  corrected.  8vo. 
Cloth.     $2.00.     W. 

Retaining  Walls,  Foundations,  etc.  See  721.1.  See  also  531.2.  Statics. 
Architectural  Construction.     Strength  of  Materials,  see  620.1. 

624.08  Specifications  for  Bridges. 

♦Bouscaren.  G. — .     Specifications  for  Railway  Bridges  and  Viaducts  of 

Iron  and  Steel.    9  pp.     $0.25.     EN. 
♦Cooper,  Theodore — .     Specifications  for  Steel  Highway  Bridges.     25  pp. 

$6.25.     E  N. 
♦Cooper,  Theodore — .     Specifications  for  Steel  Railroad  Bridges.     24  pp. 

$0.25.     E  N. 
♦Osbom  Co.     Specifications  for  Metal  Highway  Bridge  Superstructure 

12  pp.     $0.25.     E  N. 
♦Osbom    Co.     General    Specifications    for    Railway   Bridges.     10    pp. 

$0.25.     E  N. 
♦Thacher,  Edwin — .     General  Specifications  for  Highway  Bridges.     8  pp. 

$0.25.     E  N. 
♦Thomson,  G.  H. — .      Standard  Specifications  for  Structural  Steel  for 

Modem  Railroad  Bridges.     $0.10.     E  N. 
♦Waddell,  J.  A.  L. — .     Specifications  for  Steel  Bridges  (from  "De  Ponti- 
bus").    12mo.     Cloth.     $1.25.     W. 

624.a  Trestles.    Viaducts. 

♦Foster,  Wolcott   C. — .     A  Treatise  on  Wooden   Trestle   Bridges.     4to. 
Cloth.     271  pp.     $5.00.     W. 
Katte,    W. — .     Specifications   for   Standard    Pile   and   Timber   Trestle 
Bridges.     $0.05.     E  N. 

624.2  Girders. 

Birkmire,  Wm.  H. — .  Compound  Riveted  Girders  as  Applied  in  Build- 
ings.    8vo.     Cloth.     $2.00.     W. 

*     **  Believed  to  be  specially  useful.         ' 
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Philbrick,  P.  H. — .     Beams  and  Girders.     Practical  Formulas  for  Their 
Resistance.     18mo.     $0.60.     V  N. 
♦Stoney,  Bindon  B. — .     The  Theory  of  Stresses  in  Girders  and  Similar 
Structures.     777  pp.     8vo.     $12.50.     V  N. 

6IM.3  Trusses. 

Ricker,  N.  C. — .  Elementao^  Graphic  Statics  and  the  Construction  of 
Trussed  Roofs.     4ih  ed.     8vo.     Cloth.     $2.00.     E  N. 

6134.6  Arches. 

Buck,  G.  W.— .     Oblique  Bridges  (Arches).     Revised  by  J.  H.  W.  Buck. 

With  plates.    C  L. 
Cain,  William — .     Voussoir  Arches  Applied  to  Stone  Bridges,  Tunnels, 

Culverts,  and  Domes.     18mo.     $0.50.     V  N. 
Howe,  Malverd  A. — .     A  Treatise  on  Arches.     371  pp.    8vo.     Cloth. 

$4.00.     W. 
Woodbury,  D.  P.—.     Stability  of  Arches.     V  N. 

6134.7  Compound  Bridges. 

Bender,  Charles — .  Practical  Treatise  on  the  Properties  of  Continuous 
Bridges.     18mo.     $0.50.     V  N. 

624.8  Draw  Bridges. 

Wright,  Chas.  H.— .  The  Designing  of  Draw-Spans.  Part  I:  Plate  Gir- 
der Draws.  Part  II:  Rtveted-Truss  and  Pin-Connected  Long-Span 
Draws.     Illus.     8vo.     Cloth.     $3.50.     W. 

6!35  Roads  and  Railroads. 

Berg,  Walter  G. — .     Building  and  Structures  of  American  Railroads. 

Large  4to.     Cloth.     $5.00.     V  N. 
Cleemann,   Thos.   M. — .     The   Railroad   Engineer's   Practice.     4th   ed. 

12mo.     Cloth.     $1.50.     V  N. 
Dredge,  James — .     History  of  the  Pennsylvania  Railroad.     Engravings, 

Map,  Plates,  etc.     Folio.     Half-morocco.  $10.00.     Paper,  $5.00.     WT 
Godwm,   H.  C. — .     Railroad  Engineer's  Field  Book.     (An  Explorer's 

Guide.)     2ded.     16mo.     Morocco.     $2.50.     W. 
*Henck.  John  B.— .    Field  Book  for  Railroad  Engineers.    1896.    $2.50.    A. 
Nagle,  J.  C. — .     A  Field  Manual  for  Railroad  Engineers.     2d  ed.     16mo. 

Morocco.     $3.00.     W. 
Paine,  Charles— .     The  Elements  of  Railroading.     $1.00.     RG. 
♦Paine,  George  H. — .     The  New  Roadmaster's  Assistant.     $1.50.     R  G. 
Vose,  G.  L. — .     Manual  for  Railroad  Engineers.     Two  vols.,  text  and 

plates.     Lee  &  Shepard,  New  York,  1873. 
Bridges.     See  624. 
Tunnels.     See  622. 
Electric  Railways.     See  621.3. 
Locomotives.     See  621.13. 

9Z5»1  Route,  Track.    Fixed  Equipment. 

Katte,  W. — .     General  Specifications  for  Ooss  Ties.     $0.05.     E  N. 
Katte,  W. — .     Specifications  for  Track-laying.     $0.10.     EN. 
♦Parsons,  W.  B. —  Jr.     Track.     A  Complete  Manual  of  Maintenance  of 

Way.     8vo.     Cloth.     $2.00.     EN. 
Pratt,  Mason  D. —  and  C.  A.  Alden.     Street-Railway  Roadbed.     8vo. 

Cloth.     $2.00.     W. 
Railroad  Gazette.     Block  Signaling.     $2.00.     R  G. 
♦Tratman,  E.  E.  R. — .     Railway  Track  and  Track  Work.     602  pp.     200 

illus.     $3.00.     1901.     EN. 
♦Tratman,  E.  E.  Russell — .     Metal  Railroad  Ties.     Report  on  the  Use  of. 
Preservative  Proce.sses  and  Metal  Tie-Plates  for  Wooden  Ties.     Pub- 
lished by  U.  S.  Department  of  Agriculture. 
Webb,    Walter    Loring— .     Railroad  Construction.      16mo.     691    pp. 

Morocco.     $5.00.     W. 
Railroad  Stations.     See  725. 
Bridges,     See  624. 
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635.1a  K.  B.  Surveylns. 

Allen,  C.  Frank — .    Railroad  Curves  and  Earthwork.     194  pp.    Pocket- 
book  Form.     $2.00.    S  C. 
Brooks,  John  P. — .     Hand-Book  of  Street  Railroad  Location.     16mo. 

Morocco.     $1.50.     W. 
♦Gribble,  T.  G. — .     Preliminary  Survey  and  Estimates.    480  pp.     12mo. 
$2.60.     LG. 
♦♦Searles,  Wm.  H. — .     Field  Engineering.     Railway  Surveying,  Location, 
and  C!onstructipn.     16th  ed.     16mo.     Morocco.     $3.00.     W. 
♦Shunk,  William  F. — .    A  Practical  Treatise  on  Railway  Curves  and  Jl.oca- 

tlon,  for  Youne  Engineers.     12mo.     Cloth,  tucks.     $2.00.     B. 
♦Wellington,  A.  M. — .    Economic  Theory  of  Railway  Location.    980  pp. 
$5.00.     ^  &  E  N. 
See  also  526.9. 

625.1  ac  B.  B.  Curves. 

Clark,  Jacob  M. — .      A  New  System  of  Laying  Out  Railway  Turnouts 
Instantly,  by  Inspection  from  Tables.     12mo.     Leatherette.     $1.00. 
VN. 
♦Crandall,  Chas.  L. — .    The  Transition  Curve.     Revised  and  enlarged. 
16mo.     Morocco.     $1.50.     W. 

Fox,  Walter  G.— .     Transition  Curves.     18mo.     $0.50.     V  N. 

Gieseler,  E.  A. — .     Scales  for  Turnouts.     Stiflf  cardboard.     $0.25.     R  G. 

Howard,    Conway   R. — .     The   Transition   Curve   Field  Book.     lOmo. 
Morocco.     $1.50.     W. 
**Searles,  Wm.  H.— .    The  Railroad  Spiral.    The  Theory  of  the  Compound 

•  Transition  Curve  Reduced  to  Practical  Formulas  ancf  Rules  for  Applica- 
tion in  Field  Work.     6th  ed.     16mo.     Morocco.     $1.50.     W. 

Torrey,  A. — .     Switch  Layouts  and  Curve  Easements.     $1.00.     R  G. 

Trautwine,  John  C. — .  Tlie  Field  Practice  of  Laying  out  Circular  Curves 
for  Railroads.  Revised  by  John  C.  Trautwine,  Jr.  13th  ed.  12mo. 
Morocco.    $2.60.    W,  C  H. 

625.1ae  B.  B.  Earthwork. 

Allen,    C.    F. — .    Tables   for    Earthwork    Computation.    8vo.    Cloth. 
$1.50.    VN. 
♦Crandall,    Chas.   L.— .     Railway  and   Other   Earthwork  Tables.     8vo. 

Cloth.     $1.50.     W. 
♦Hudson,  J.  R. — .     Tables  for  Calculating  the  Cubic  Contents  of  Excava- 
tions and  Embankments  by  an  Improved  Method  of  Diagonals  and  Side 
Triangles.     New  edition  with  additional  tables.     8vo.     Cloth.     $1.00. 
W. 

Johnson,  J.  B.— .  Stadia  and  Earthwork  Tables.  8vo.  Qoth.  $1.26. 
W. 

Katte,  W. — .  Specifications  for  Grading  and  Masonry.  16  pp.  $0.25. 
EN. 

Taylor,  Thomas  V. — .  Prismoidal  Formulae  and  Earthwork.  8vo. 
Cloth.     $1.50.     W. 

Trautwine,^  John  C. — .  A  Method  of  Calculating  the  Cubic  Contents  of 
Excavations  and  Embankmente  by  the  Aid  of  Diagrams.  Revised  and 
enlarf^  by  John  C.  Trautwine,  Jr.     9th  ed.     8vo.     Cloth.    $2.00.     W. 

Trautwine,  John  C. —  Jr.  Cross-Section  Sheet.  To  be  Used  with  Traut- 
wine's  Excavations.     Sheet  form.     $0.25.     W. 

TrautwinCjJohnC. —  Jr.,  and  Woodson,  D.  Meade — .  Cross-Section  Sheet. 
$0.50.     Williams.  Brown  &  Earle,  Phila. 

Earth  Handling.     See  622. 

Foundations.     See  721.1. 

695.2  Trains.    Boiling:  Equipment. 

♦Railroad  Gasette.     Car-Builder's  Dictionary.     $5.00.     R  G. 
Locomotives.     See  621.13. 

625.8  Beads  and  Pavements. 

Aitken,  Thomas — .  Road  Making  and  Maintenance.  Cloth,  7"  x  9". 
440  pp.     139illus.     $6.00.     L. 
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Baker,  Ira  O. — .    A  Treatise  on  Roads  and  Pavements.    8vo.    663  pp. 

Cloth.     $5.00.     W. 
Byrne,  Austin  T. — .     Highway  Construction.     8vo.     Cloth.     $6.00.     W. 
Gillmore,  Q.  A. — .     Practical  Treatise  on  the  Construction  of  Roads, 

Streets,  and  Pavements.     12mo.     Cloth.     $2.00.     V  N. 
Herschel,  Clemens —  and  £.  P.  North.     Road  Making  and  Maintenance. 

156  pp.     $0.50.     EN. 
Spalding,  Fred.  P. — .     A  Text-Book  on  Roads  and  Pavements.     12mo. 

Cloth.     $2.00.     W. 
Stone,  Gen.  Roy — .     New  Roads  and  Road  Laws  in  the  United  States. 

200  pp.     12mo.     Qoth.     $1.00.     V  N. 
Tillson,  George  W. — .     Street  Pavements  and  Paving  Materials.     600  pp. 

8vo.     Cloth.     W. 
626-7  Hydraulic  Englneerlns. 

Fljrnn,  P.  J, — .     Irrigation  Canals,  and  Other  Irrigation  Works,  etc. 

Author,  San  Francisco,  Cal. 
Hewson,  Wm. — .     Principles  and  Practice  of  Embanking  Lands  from 

River  Floods,  as  Applied  to  the  Levees  of  the  Mississippi.     8vo.    Cloth. 

$2.00.     VN. 
Hill,  C.  S.— .     Chicago  Main  Drainage  Channel.     129  pp.     $1.60.     EN. 
Newell,  Frederick  Uaynes — .     Irrigation  in  the  United  States.     $2.00. 

Thos.  Y.  Crowell  &  Co.,  New  York. 
♦Starling,  Wm. — .     Floods  of  the  Mississippi  River.     67  pp.     $0.60.    E  N. 
♦U.  S.  Geological  Survey.     Water  Supply  and  Irrigation  Papers.     About 

60  pamphlets  have  been  issued,  and  more  are  to  follow.     6'  zO".     U.S. 

Geol.  Surv.,  Wash.,  D.  C. 
Wilson,    Herbert    M. — .     Manual    of    Irrigation    Engineering.     3d  .ed. 

SmaU8vo.     Cloth.     $4.00.     W. 
Retaining  Walls,  etc.    See  721.1. 
627.8  Dams. 

Gould,  E.  Sherman — .     Specifications  for  Dams  and  Reservoirs.     11  pp. 

$0.25.     E  N. 
Gould,  E.  Sherman—.     High  Masonry  Dams.     18mo.    $0.50.    V  N. 
Leffel,  James —  &  Co.    The  Construction  of  Mill  Dams.     312  pp.     8vo. 

Cloth.     $2.60.     B. 
♦Wegmann,  Edward — .     The  Design  and  Construction  of  Dams.     4th  ed., 

revised  and  enlarged.     4to.     Cloth.     $6.00.     W. 
Reservoirs.     See  628.13. 

628  Sanitary  Engineering. 

♦Adams,  J.  W. — .     Sewers  and  Drains  for  Populous  Districts.     5th  ed. 

8vo.     Cloth.     $2.50.     VN. 
♦Baker.   M.   N. — .     Sewerage  and  Sewage  Purification.     18mo.     $0.50. 

VN. 
♦Baumelster,  R. — .     The  Cleaning  and  Sewerage  of  Cities.     Adapted  from 

the  German  by  J.  M.  Goodell.     2d  ed.     291  pp.     8vo.     Qoth.     $2.00. 

VN.     • 
♦Folwell,  A.  Prescott — .     Sewerage.     The  Designing,  Construction,  and 

Maintenance  of  Sewerage  Systems.  445  pp.  8vo.  Cloth.  $3.00.  W. 
♦Kiersted,  Wynkoop— .  Sewage  Disposal.  12mo.  Qoth.,  $1.25.  W. 
♦Merriman,    Mansfield — .     Elements   of   Sanitary   Engineering.     2d   ed. 

8vo.     Cloth.     $2.00.     W. 
♦Ogden,  H.  N.— .     Sewer  Design.     234  pp.     12mo.     Cloth.     $2.00.     W. 
♦Rafter,  G.  W. —  and  M.  N.  Baker.     Sewage   Disposal   in  the  United 

States.     598  pp.     $6.00.     VN  &  E  N. 
Rideal,  Samuel — .     Sewage  and  the  Bacterial  Purification  of  Sewage. 

8vo.     Cloth.     $3.50.     W. 
Sedgwick,  William  T. — .     Sanitary   Science  and   the   Public   Health. 

Cloth.     Svo.     $3.00.     M. 
Swaab,  S.  M. — .    Tables  and  Diagrams  for  Making  Estimates  for  Sewerage 


Work.     20  pp.     $0.50.     EN. 
faring,  Geo.  K. —  Jr.     Modern  ]  _  . 

Public  Institutions,  and  Isolated  Houses.     2d  ed.     260  pp.     Cloth. 


Waring,  Geo.  E. —  Jr.     Modern  Methods  of  Sewage  Disposal  for  Towns, 


$2.00.     V  N. 
Waring,  Geo.  E. —  Jr.     Sewerage  and  Land  Drainage.     3d  ed.     Quarto. 

Cloth.     $6.00.     V  N. 
Ventilation  and  Heating.     See  697. 
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628.1  Water  Works. 

♦♦Baker.  M.  N. — .     Manual  of  American  Water- Works.     (Descriptive  list  of 
works,  with  names  of  officers.)     700  pp.     $3.00.     E  N. 
♦Baker,  M.  N. — .     Potable  Water  and  Methods  of  Detecting  Impurities. 
18mo.     $0.50.     V  N. 
Croes,  J.  J.  R. — .     Statistical  Tables  of  American  Water  Works.     $2.00. 

EN. 
Fanning,  J.  T. — .     A  Practical  Treatise  on  Hydraulic  and  Water-Supply 
Engineering.     14th  ed.     8vo.     Cloth.     $5.00.     V  N. 
♦Folwell.  A.  Prfescott — .     Water-Supply  Engineering.     Water-Supply  Sys- 
tems.    562  pp.     8vo.     Cloth.     $4.00.     W. 
♦Fuertes,  James  H. — .     Water  and  Public  Health.     70  figures.     12mo. 

Cloth.     $1.60.     W. 
♦Fuertes,    James  H.— .      Water   Filtration   Works.      300   pp.      Cloth. 

$2.50.     W. 
Gooilell,  John — .     Water  Works  for  Small  Cities  and  Towns.     300  pp. 


Engineering  Record. 
Gould.  E.  r 


.  Sherman — .     The  Elements  of  Water  Supply  Engineering.    168 

pp.     $2.00.     EN. 

Mason.  William  P. — .     Water  Supply.     With  special  reference  to  health- 
fulness  of.     8vo.     Cloth.     $5.00.     W. 
McPherson,  J.  A. — .     Water  Works  Distribution.     6"  x  8".     154  pp. 

lllus.     aoth.     $2.50.     VN. 
Nichols,    Wm.    Ripley — .     Water  Supply.     Considered   mainly  from   a 

chemical    and    sanitary    standpoint.      With    plat«8.      4th    ed.    .8vo. 

Cloth.     $2.50.     W. 
♦Turneaure,  F.  E. —  and  Russell,  H.  L. — .     Public  Water  Supplies.     8vo. 

760  pp.     $5.00.     W. 
Turner.  J.  H.  Tudsbery —  and  A.  W.  Brightmore.     The  Principles  of 

Waterworks  Engineering.     Large  8vo.     Cloth.     $10.00.     S  <fc  C. 
Wegmann.  Edward—  Jr.     The  Water  Supply  of  the  City  of  New  York 

from  1658-1895.     4to.     Cloth.     $10.00.     W. 
Pumps.     See  621.6. 
Dams.     See  627.8. 
Flow  in  Pipes,  Channels,  etc.     See  532. 

628.12-13  Stand  Pipes.     Tanks.     Reservoirs. 

Hazlehurst.  J.  N.— .     Towers  and  Tanks  for  Water- Works.    8vo.    Cloth. 
$2.50.     W. 

Jacob,  Arthur — .  On  the  Designing  and  Construction  of  Storage  Reser- 
voirs. 18mo.  $0.50.  VN. 
♦Pence,  W.  G. — .  Standpipe  Accidents  and  Failures.  195  pp.  $1.00. 
EN. 
♦♦Schuyler,  James  Dix — .  Reservoirs  for  Irrigation,  Wat«r-Power  and 
Domestic  Water  Supply.  Revised,  1901.  432  pp.  Large  octavo. 
Cloth.     $5.00.     W. 

Retaining  Walls,  etc.     721 . 1 . 

See  also  627.8,  Dams. 

628.15  Pipes. 

Barstow,  C.  D. — .     Cost  of  Laving  Water  Pipe.     16  pp.     $0.10.     EN. 
Weston,  Edmund  B. — .     Tables  for  Estimating  the  Cost  of  Laying  Cast- 
iron  Water  Pipe.     12  pp.     $0.25.     EN. 
Flow  in  Pipes.     See  532. 

628.16  Purification. 

♦Fuertes,  James  H. — .     Water  Filtration  Works.     Cloth.     5"  x  8".    lllus. 

$2.50.     W. 
♦♦Hazen,  Allen — .     The  Filtration  of  Public  Water  Supplies.     333  pp.    8vo. 

Cloth.     $3.00.     W. 
♦Hill,  John  W.— .     The  Purification  of  Public  Water  Supplies.     304  pp. 

8vo.     Cloth.     $3.00.     VN. 
♦Kirkwood,  Jas.  P. — .     Report  on  the  Filtration  of  River  Waters  for  the 

Supt>ly  of  Cities,  as  Practised  in  Europe,  made  to  the  Board  of  Water 

Commissioners  of  the  city  of  St.  Louis.     4to.     Cloth.     $7.50.     V  N. 
Rideal,  Samuel — .     Water  and- Water  Purification.     Crown  8vo.     7s.  6d. 

CL. 
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628.17  Use  and  Waste.     Meters. 

Browne,  Ross  E. — .     Water  Meters :  Comparative  Tests  of  Accuracy,  De- 
livery, etc.     18mo.     $0.50.     V  N. 
Kent,  W.  G.— .     The  Water  Meter.     8vo.     Cloth.     S  C. 

630  Agriculture,  Forestry. 

Green,  Samuel  B. — .     Principles  of  American  Forestry.     12mo.     Cloth. 

$1.50.     W. 
Pinchot,  Gifford — .     A  Primer  of  Forestry.     Bulletin  24,  Div.  Forestry, 

U.  S.  Dept.  Agr. 

660  Chemical  Technolosy.     Explosives. 

♦Eissler,  Manuel — .     The  Modern  High  Explosives — Nitro-glycerin  and 
Dynamite.     3d  ed.     Plates.     8vo.     Cloth.     $4.00.     W. 
Sanford,  P.  Gerald—.     Nitro-Explosives.     270  pp.     8vo.     Cloth.    $3.00. 

VN. 
Wisser,  John  P.—.     Explosive  Materials.     18mo.     $0.60.     V  N. 
Metallurgy.     See  670,  Manufactures. 

See  691,  Building  Materials. 
Explosives.     See  also  622,  Mining. 

670  Manufactures.    Iron  and  Steel. 

♦Bauerman,  H. — .     A  Treatise  on  the  Metallurgy  of  Iron.     515  pp.     12mo. 

Cloth.     $2.00.     B. 
Bolland,  Sinapaon — .     The  Encyclopedia  of  Founding  and  Dictionary  of 

Foundry  Terms  Used  in  the  Practice  of  Moulding.     12mo.     Cloth. 

$3.00.     W. 
Bolland,  Simpson — .    "The  Iron  Founder."   Supplement.   400  pp.    12mo. 

Cloth.     $2.50.     W. 
Campbell,  H.  H. — .     Manufacture  and  Properties  of  Structural  Steel. 

The  Scientific  Pub.  Co.,  N.  Y.  and  London. 
Overman,    Frederick — .     The  Manufacture  of  Steel.     285   pp.     12mo. 

Cloth.     $1.50.     B. 
West,  Thomas   D. — .     American   Foundry  Practice.     10th  ed.     12mo. 

Cloth.     $2.50.     W. 
West,  Thos.  D. — .     Moulder's  Text-Book,  Being  Part  II  of  American 

Foundry  Practice.     7th  ed.     12mo.     Cloth.     $2.50.     W. 
Iron  and  Steel.     See  also  691.7,  Buildinfi^  Materials. 

690  Building. 

See  721,  Architectural  Construction. 

691  Materials  and  PreservatlT-es. 

B3rme,  Austin  T. — .     Inspection  of  the  Materials  and  Workmanship  Em- 
ployed in  Construction.     556  pp.     16mo.     Cloth.     $3.00.     W. 
♦Jonnson,  J.  B. — .     The  Materials  of  Construction.     795  pp.     3d  ed.     8vo. 
Cloth.     $6.00.     W. 

Terry,  George — .     Pigments,  Paint,  and  Painting.     12mo.    Cloth.    $3.00. 

SC. 
♦Thurston,  Robt.  H. — .     Materials  of  Construction.     6th  ed.     8vo.    Cloth. 
$5.00.     W. 

Strength  of  Materials.     See  620.1. 

See  also  Tratman,  under  625.1. 

691.1  Wood. 

Boulton,  S.  B. — .  The  Preservation  of  Timber  by  the  Use  of  Antiseptics. 
18mo.     $0.50.     V  N. 

Snow,  Chas.  H. — .  The  Principal  Species  of  Wood.  Their  Character- 
istic Properties.     Large  8vo.     214  pp. .  Cloth.     $3.50.     W. 

691.3  Natural  Stone. 

♦Merrill,  George  P. — .    Stones  for  Building  and  Decoration.     Illus.     2J  cd. 
8vo.     Cloth.     $5.00.     W. 
See  also  693,  Masonry. 
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_  Digitized  by  VjOOQIC 


BIBLIOGRAPHY.  1023 
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♦Gillmore,  Gen.  Q.  A. — .     Treatise. on  Limes,  Hydraulic  Cements,  and 

Mortare.     8vo.     Cloth.     $4.00.     V  N. 
♦Jameson,  Charles  D.— .     Portland  Cement.     8vo.     Cloth.     $1.60.     V  N. 
♦Newman,  John — .     Notes  on  Concrete  and  Works  in  Concrete.     12mo. 

Cloth.     $2.60.     SC. 
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♦Baker,  Ira  O. — .     A  Treatise  on  Masonry  Construction.     9th  ed.     8vo. 
Cloth.     $5.00.     W. 
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8vo.     Cloth.     $1.50.     W. 
Dams.     See  627.8. 
See  also  691.2,  Stone. 
697  Heatinc  and  Ventilation. 

♦Carpenter,  Rolla  C— .    The  Heating  and  Ventilating  of  Buildings.    400 
pp.     8vo.     Cloth.     4th  ed.     $4.00.     W. 
700        Fine  Arts. 

720  Architecture. 

721  Architectural  Construction. 
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$3.00.     V  N. 
Fowler,  Chas.  E. — .     General  Specifications  for  Steel  Roofs  and  Buildings. 

12  pp.     $0.26.     E  N. 
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600    engravings.     13th   ed.     Revised    and    greatly    enlarged.     16mo. 

Morocco.     $4.00.     W. 
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Bridges,  624. 
Strength  of  Materials,  620.1. 
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Ahaotu;  the  flat  square  menibw  on  top  of  a  oolomo. 

AbselM  or  abtci*$a  ;  anr  porUoo  of  the  axii  of  a  ourre,  from  the  rertex  to  anr  point  from  whleh 
a  line  learee  the  axta  at  right  angles,  aad  extends  to  meet  the  oar?e  itself  {  said  line  being  oalled  an 
9rdinaU.    An  abaolts  a«l  ordinate  together  are  called  eo-ercKitales. 

AodUmUf  i  an  upward  elope,  or  aseeot  of  groiuid,  *e. 

Adit ;  a  horixoatal  passage  into  a  mine.  mo. 

AdM*;  a  well-known  carved  cutting  inetrument,  for  dressing  or  ehlpplng  horlsontal  •nrfaces. 
**  -   ^       • '  insteMlof •        " 


AUtrnaUmf  moffoni  np  and  down*  or  hnekward  and  forward,  ins 

Anifte-bead,  or  plaster  bead:  a  bead  nailed  to  prq}eoting  angles  in  rooms,  to  protect  the  plaster  on 
their  edges  ftt>m  injurj. 

AngU-block;  a  triangular  block  againnt  which  the  ends  of  the  braeee  and  counters  abut  in  a  Howe 
bridge. 

Anneal;  to  toughen  seme  of  the  meuis,  glass,  *e,  by  first  beating  them,  and  then  causing  them  t« 
0001  Tery  slowly.    This  proeees  howeTer  lesssns  the  tensile  strength. 

AntMinal  axi» ;  in  geology ;  a  line  fh>m  which  the  strata  of  rooks  slope  away  downward  In.oppo* 
site  directions,  like  the  slates  on  the  roof  of  a  house ;  the  ridge  of  the  roof  representing  the  axle. 

Aptmt  a  polnl  in  either  eherd  of  a  tmss,  where  two  wA  members  meet. 

Apron;  a  covering  of  timber,  stone,  or  metal,  te  protect  a  snrfaee  against  the  action  of  water  flow* 
tag  over  it.    Has  many  other  meanings. 

Arbor.    See  Journal. 

ArehHram ;  that  part  of  an  entablature  whieh  is  next  above  the  columns.  Applies  also  when  there 
are  no  columns.  Also,  the  mouldings  around  the  sides  and  tops  of  doors  and  windows,  attached  to 
either  the  inner  or  outer  fiaoe  of  the  wall. 

ArrU ;  a  sharp  edge  formed  by  any  two  surfaces  which  meet  at  an  angle.    The  edges  of  a  brick  are 


Ashler;  a  fhdng  of  cut  stone,  applied  to  a  barring  of  rubble  or  rough  masonrr,  or  brickwork. 

Astragal;  a  small  moulding,  about  semi-circular  or  semi-elliptie,  and  either  ptadn  or  ornamented  by 
evrvlng. 

Axis;  an  imaginary  line  passing  through  a  body,  which  may  be  supposed  to  revolve  around  it;  as 
the  diam  of  a  sphere.  Any  piece  that  passes  through  and  supports  a  bo4y  which  revolves ;  in  which 
ease  it  Is  called  an  axle,  or  shaft. 

AxU-boz.    See  Journal-box. 

Aalatrts;  an  axle  which  remains  flxed  while  the  wheel  revolves  around  It,  as  in  wagons,  Ac. 

Aximttth.  The  azimuth  of  a  body  is  that  are  of  the  hortson  that  Is  included  between  the  meridian 
elrole  at  the  given  place,  and  another  great  circle  passing  through  the  body. 

Mocking ;  the  rongh  maaonry  of  a  wall  faced  with  Oner  work.  Bartb  deposited  behind  a  retaining- 
walU  4c. 

Balancs-bsams ;  the  lonK  top  beams  of  lock-gates,  by  which  they  are  pushed  open  or  shut. 

MaJIk.;  a  large  beam  of  timber. 

BatloMt;  broken  stone,  sand  or  gravel,  Ac.  on  whieh  railroad  eroes-tles  are  laid. 

Ball-cock;  a  cistern  valve  at  one  end  of  a  lever,  at  the  other  end  of  which  is  a  floating  ball.  The 
baU  rises  and  faUe  with  the  water  in  the  dstem ;  and  thns  opens  or  Ants  the  valve. 

Baa- valve.    See  Yalve. 

Bairgeboarde ;  boards  nailed  against  the  onter  fhoe  of  a  wnD,  along  the  slopes  of  a  gable  end  of  a 
house,  to  Lide  the  rafters.  &c  ;  aud  to  make  a  neat  fioiab. 

Baeaule bridge:  a  hinged  llft-brldge  rumUhed  with  a  ceunternolse. 

BaUeir,  (sometimes  aflieetedly  hoHr.)  or  I«Jim  ;  the  sloping  baekward  of  a  fisoe  of  masonry. 

Bag;  on  bridges,  Ac,  sometimes  a  panel;  sometimes  a  span. 

Mead;  an  ornament  either  oompoeed  of  a  straight  crlindrieal  rod ;  or  carved  or  east  In  that  shape 
on  any  surfaoe- 

Bearing ;  the  course  by  a  eompaoe.  The  span  or  length  in  the  dear  between  the  poinu  of  support 
of  a  beam,  ke.    The  points  of  support  themselves  of  a  beam,  shaft,  axle,  pivot,  ke. 

Bttd-montdinge  ;  ornamental  mouldings  on  the  lower  face  of  a  projecting  cornice,  kc. 

Bed-plate ;  a  large  plate  of  iron  laid  as  a  foundation  for  something  to  rest  on. 

Beetle ;  a  heavy  wooden  rammer,  snch  as  pavers  use. 

BeU-erank.    See  Oraak. 

Beneh-mark ;  a  level  mark  out  at  the  foot  of  a  tree  for  future  reference,  as  being  more  permanent 
than  «  stake. 

Jlemt,  or  hemae:  a  horisontal  snrfhoe,  as  If  for  a  pathway,  and  forming  a  kind  of  step  along  the  Aoe 
•f  aloi^g  ground.  In  canals,  the  level  Kup  «f  the  embaakment  opposite  and  oorresponding  to  the 
towpath  is  called  the  berm. 

.Bessemsr  steel  is  formed  by  forcing  air  into  a  mass  of  melted  east  Iron ;  by  which  means  the  excess 
of  carbon  in  the  iron  Is  separated  from  it,  until  only  eoougb  remains  to  constitute  oast  steel.  The 
earbon  is  chemicaUy  united  with  the  steel,  but  mechanicuUy  with  the  iron. 

Beton;  concrete  of  hydraulic  cement,  with  broken  stone  and  bricks,  gravel,  ko. 

Bevel;  the  slope  formed  by  triiuniing  away  a  sharp  edge,  as  of  a  board,  kc.  Edges  of  common 
drawing  rulers  and  scales  are  usually  bevelled. 

Bemel  gear;  oog-wheels  witn  teeth  so  formed  that  the  wheels  can  work  into  each  other  at  an  angle. 

Bilge;  the  nearly  flat  part  of  the  bottom  of  a  ship  en  each  side  of  the  keel.  Also,  the  swelled  part 
of  a  barrel,  Ac.    To  bilge  is  to  spring  a  leak  in  the  bilge,  or  to  be  broken  there. 

Bate  ;  the  small  boring  points  used  with  a  brace. 

Blaet-pipee;  in  a  locomotive;  those  through  whieh  the  waste  steam  passes  flwrn  the  cylinder  into 
Ike  amoke-pipe,  and  thus  creates  an  artillcial  draft  in  the  chimney,  or  smoke-pipe. 

Boasting ;  dressing  stone  with  a  broad  chisel  called  a  boaster,  and  mallet.  The  boaster  gives  a 
•moother  surface  after  the  use  of  the  point,  or  the  narrow  chisel  called  a  tool. 

Modi/;  the  thickness  of  a  lubricant  or  other  liquid.  Also,  the  measure  of  tbat  tblckDess,  expressed 
in  the  number  of  seoonds  in  which  a  given  quanUt7  of  the  oil,  at  a  fivaa  temperature,  flows  throngh 
a  given  aperture. 
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BtUter;  %  timber,  or  «  thick  iron  plate  ^aoed  betWMii  the  end  of  a  hrl4ge  and  Ite  leat  on  Um 
abotment. 

Bond  ;  the  diipoiing  of  die  blooks  of  etiii*  or  brickwork  eo  at  to  form  the  whole  into  a  firm  ■tmo- 
tare,  bj  a  Judioloot  overlapping  of  each  other,  so  ai  to  break  joint.  Applies  also  to  timber,  Ac,  \m 
Tariooa  ways. 

Bonnet;  a  cap  over  the  end  of  a  pipe,  &o.  A  cast-iron  plate  bolted  down  as  a  oovering  orcr  ■■ 
aperture. 

Bar*  ;  inner  diameter  of  a  b<dlow  eyUnder. 

Bvrrow-fit ;  a  pit  dug  in  order  to  obtain  material  for  aa  «mbaakmen(. 

Jess;  an  increase  of  the  diameter  at  any  part  of  a  shaft  tor  aay  pnrpoee.  A  pntfectlon  In  sbap* 
9t  a  segment  of  a  sphere,  or  somewhat  so,  whether  for  use  or  for  ornament;  often  carved,  or  cast. 

Box-drain;  a  square  or  rectangular  drain  of  masonry  or  timber,  under  a  railroad,  Ac. 

Braeo;  a  kind  of  curved  handle  used  for  boring  holes  with  bitts.  The  bead  of  tbe  brace  remains 
■tationarj,  being  pressed  against  by  the  body  of  the  person  using  it,  while  tbe  other  part  with  the 
bltt  is  turned  round  by  bis  hand.    Also,  an  iDclined  beam,  bar,  or  stmt,  for  sustaining  compression. 

Bracket;  a  projecting  piece  of  board.  Ac,  frequently  triangular,  the  vertical  leg  attached  to  tbe 
faoe  of  a  wall,  and  the  borixonial  one  supporting  a  shelf,  Ac.  Often  made  in  ornamental  shapes  for 
supporting  busts,  clocks,  Ac.  Also,  tbe  supports  for  shafting :  as  pendent,  wall,  and  pedestal  brackets. 

Brake;  au  arrangement  for  preventing  or  diminishing  motion  by  means  of  friction.  The  friction 
is  usually  applied  at  the  ciroumferenee  of  a  revolving  wheel,  by  means  of  levers.  On  nrilroads,  the 
oar-brakes  should  be  worked  by  steam,  as  those  of  Loni^rldge,  Westinghouse,  and  Creamer.  Also, 
such  a  handle  as  that  of  a  common  pump. 

BroM*  is  oomposed  of  copper  and  zinc. 

Bra»$—;  fittings  of  brass  in  many  plnmmer- blooks,  and  In  other  positions,  for  diminishing  tk« 
friction  of  revolving  journals  which  rest  upon  them. 

Brase;  to  unite  pieces  of  iron,  copper,  or  brass,  by  mean*  of  a  hard  solder,  called  spelter  solder, 
and  oomposed,  like  bnff,  of  oopper  and  zinc,  but  in  other  proportions. 

Break  Joint;  to  so  overlap  pieoes  that  the  >>ints  shall  not  ooonr  at  the  same  plaoe.  and  thus  pro- 
duoe  a  bad  bond. 

Breaet-etimmert  a  beam  of  wood,  Iron,  or  stone,  supporting  a  wail  over  a  door  or  other  opening} 
a  kind  of  lintel. 

Breaat-wall;  one  built  to  prevent  the  falling  of  a  vertical  faoe  out  into  the  natural  soil;  fat  dla* 
tinotion  to  a  reuining-wall  or  revetment,  which  is  built  to  susuin  earth  d^ftoeited  behind  It. 

Breech;  the  hind  part  of  a  oannon.  Ac. 

Bridge,  or  hridge-pieee,  or  bridge-bar;  a  narrow  strip  placed  across  an  opening,  for  snpportiBC 
something  without  closing  too  much  of  the  opening. 

Bronse  is  oomposed  of  copper  and  tin. 

BttUchead;  on  ships,  Ac,  the  timber  partitions  across  them.  Also,  a  long  faoe  of  wharf  parallm 
to  the  stream. 

Btut^ ;  a  floating  body,  IhstMied  by  a  obain  ar  rope  to  some  sunk  body,  as  a  guide  tor  finding  A* 
tatter.    Sometimes  also  used  to  indicate  channels,  shoals,  rocks,  dec 

Bumieh ;  to  polish  by  rubbing ;  ohiefly  apidies  to  metals. 

Bueh;  to  line  a  circular  hole  by  a  ring  of  metal,  to  prevent  the  hole  tram  wearing  larger.    Also, 


when  a  piece  is  cut  out.  and  another  piece  neatlv  inserted  into  the  cavity,  the  last  piece  is  s 
■aid  to  be  bushed  in;  soaMtimes  it  is  called  a  plug.  ^      ..»...,.    .         ,      . 

Butt^oint;  one  in  which  the  ends  of  tbe  two  pieces  abut  together  without  overlapping,  and  are 
Joined  by  one  or  more  separate  pieoes  oalled  oevers  or  welu,  whioh  reach  aoroas  the  joint  and  ara 
fastened  to  both  pieces.  

Bftttresn;   »   ^rtioal   prq|eeting    piece  of  brlekwork  or  masonry,  built  In  front  of  a  wan  ta 

^^cSlLm;  a  large  wooden  box  with  sides  that  may  be  detaohed  and  floated  away. 

Coitfter;  the  inner  diameter,  or  bore.  m  ,    ,^   ^ 

CaUperet  compasses  or  dividers  with  curved  legs,  for  measuring  outside  and  inside  d 

Com.  or  coMtt:  to  fill  seams  or  joinu  with  something  to  prevent  leaking. 

CWJkiny  iron,  a  tool  for  forcing  calliing  Into  a  joint. 

Otmb,  or  com.  or  wipor:  a  pierc  fixed  upon  a  revolving  thaft  in  such  a  manner  as  to  ( 
alternating  or  reoiprocatiug  motion  in  something  in  contact  with  the  cam.    An  eccentric. 

Oambor ;  a  slight  upward  eunw  given  to  a  beam  or  truss,  to  allow  for  seMing. 

Oamel;  a  kind  of  bargss  or  hollew  floating  vessels,  whioh.  when  flUed  with  water,  are  fastMMd** 
tbe  sides  of  a  ship ;  and  the  water  being  then  pamped  out,  they  rise  by  their  buoyancy ;  and  lift  the 
■hip  so  that  she  can  float  in  shallower  water. 

Cfmtamert ;  prqfeoting  pieces  for  supporting  an  upper  balcony,  *e.         ,      ,        ^    ,     * 

Cante,  rime,  or  ahrouMnge :  the  pieces  forming  the  ends  of  the  buckets  of  water-wheels,  to  prevent 
the  water  from  spilling  endwise.  ....  ...    v    ^  ^  _i.i  u  i< 

Capatan ;  a  long  hollow  rope-drum  surrounding  a  strong  vertical  pivot,  upon  the  head  of  which  U 
rests,  and  around  which  it  turns.  Its  ton  is  a  thick  projeodng  oireular  piece,  having  holes  arorad  Its 
outer  edffe  or  circnmfta«no«,  for  the  insertion  of  the  endi^of  levers ;  or  oapsunbars.    It  is  a  kiad  of 

"ccuie-harden ;  to  eonvert  the  outer  surfiaoe  of  wroi^ht  iron  into  steel,  by  heaUng  it  while  in  contmit 
with  charcoal.  .       ...  ^  ^     m 

Caffmate ;  in  fortification ;  the  small  apartment  in  which  a  cannon  stands. 

Oaatora  ;  rollers  usually  combined  with  swivels ;  as  those  used  under  heavy  furniture,  Ac. 

Cauaowav ;  a  raised  footway  or  r«»sdwRy.  .      ^    , 

Cavetto ;  a  moulding  consisting  of  a  receding  quadrant  of  a  oirole. 

Cementation ;  the  process  of  converting  wrought  iron  into  steel,  by  heating  it  in  ooataet  with  ehar- 
ooal.  This  process  produces  blisters  OB  tbe  steel  bars;  henoe  6/tster  steel.  These  are  reasoved,  and 
the  steel  compacted,  by  reheating  it,  and  then  Bubjecting  it  to  a  tllt<hasBmer.  It  la  then  tiUed  steel, 
or  ehear  steel.  Or  if  the  blister  steel  is  broken  up,  remeltad  in  a  oroeible,  and  then  run  into  IngMs 
or  blooks,  it  is  oalied  emeibU,  cost,  or  ingot  eteel ;  whioh  U  harder  and  oleser-grained  than  tilted  ateeL 
It  may  be  softened,  and  thus  beeome  less  brittle,  by  annealing.  The  ingots  may  be  oonrerted  inU 
bars  by  either  rolling  or  haosmering,  the  same  as  shear  and  blister  steeL 

CerUer ;  the  supports  of  an  areh  while  being  bnilt. 
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(knl«r  </p«reMMton.  hi  a  morlng  bodj,  Is  that  point  which  wonM  rtHke  aa  opporing  boay  wltt 
tTMMr  foree  th.a  «dt  other  point  wonld.  If  the  opposing  body  U  Immorable.  it  win  reoelTe  <ia  the 
<brae  of  a  rigid  moTlng  body  which  strikes  with  its  center  of  percussion.    See  Pendnlum,  page  MS. 

OeMpotA;  a«hallow  well  fi»r  reoelviag  waste  water,  filth,  Ac. 

Ckamfur  ;  means  moob  th«  same  as  bevel ;  bnt  applies  more  especially  when  two  edges  are  cat  away 
so  ai  to  form  either  a  chamfer- groore.  (see  14.  p  TS5,  of  Tmsses.)  or  a  pn^ecting  sharp  edge. 

Okedtt:  tw»  flat  parallel  pieces  oonOning  something  between  them. 

Ohmtng,  eMU'kmriMktg,  or  ehiU-eatiHa;  glring  great  hardness  to  the  ootslde  of  oakt-lnm,  ^ 
pearing  it  into  a  moold  made  of  Iron  instead  of  wood.  The  4ron  mould  causes  the  ontalde  or  skin  of 
the  easting  to  oool  rer/  rapidly ;  and  thU  for  some  nnknown  reason  increases  its  hardneea.  This  pr» 
«»M  Is  frequently  oonlbunded  with  case-hardening. 

Okock  ;  any  pieoe  used  for  fliliag  up  a  chance  hole,  or  vacancy. 

Ohutlt;  the  arrangement  attached  to  the  revolring  shaft,  arbor,  or  mandril  of  a  lathe,  for  holding 
th«  thing  to  be  turned. 

Churn-drUl:  a  long  iron  bar.  with  a  cutting  end  of  steel ;  much  used  In  qnartylng,  and  worked  by 
raising  It  and  letting  It  fall.    When  worked  by  blows  of  a  hammer  or  sledge  it  is  called  a  Jumper. 

(Xma,  attfma;  a  moulding  neariy  in  shape  of  an  S.  When  the  upper  part  is  oenoam,  it  b  enlliA 
a  «lma  reou :  when  convex,  a  dma  reveraa. 

Clack  valre.    See  Talvrs. 


Clamp ;  a  piece  fastened  by  tongue  and  groove,  transvertely  along  the  end  of  others,  to  keep  them 

>om  warpiug.    A  kind  of  open  colls '^'-'-  '—' '  —'  *- * *--'^-  "•^^  -"^-^  * 

rounds.    See  Cramp. 


fh»m  warpiug.    A  kind  of  open  ctMlar,  which,  being  closed  by  a  damp-screw,  holds  tight  what  It  snr. 


CUq>  boardt;  short  thin  boards,  shlngle^haped,  and  used  instead  of  shingles. 

Claw ,  a  split  provided  at  the  end  of  an  Iron  bar,  or  of  a  hammer,  fto,  to  take  hold,  of  the  heads  of 
nails  or  spikes  for  drawing  them  out;  as  in  a  common  claw-hammer. 

Clsa< ;  a  piece  merely  bolted  to  another  ^  serve  as  a  support  for  something  else ;  ss  at  7,  8,  10, 
IM,  p.  TS&«  of  Trusses.  Oftoi  used  on  shipboard  for  fastening  ropes  to,  ss  at  11.  Also  a  piece  of 
board  nailed  across  two  or  moro  other  boards,  Ibr  holding  them  together,  as  Is  often  done  in  temp*> 
rary  doors,  4e. 

ClniM.    See  Shackle. 

Oliek.    See  Hatchet. 

CUf ;  a  fhstening  like  thai  on  the  tops  of  the  T's  of  a  spirit  level ;  being  a  kind  of  half  eollar  op«di| 
by  a  binge. 

Ohileh  ;  applied  to  various  arrangements  at  the  ends  of  separate  shafts,  and  whMi  by  elntohtaff  m 
eatehing  into  each  other  oause  both  shafts  to  revolve  together.    ▲  kind  of  eonpUng. 

OMft;  a  kind  of  valve  Ibr  the  dlsoharga  oT  Uontds.  air,  steam,  kt. 

(h^leUHSf  or  a  Onutant  of  friction,  safety,  or  strength,  *e,  may  nsnally  be  taken  to  be  a  nnm- 
ber  which  shows  the  proportion  (or  rather  the  ratio)  which  friction,  safetv.  tensilr  strpncth.  i(c,  bear 
to  a  certain  somethlaff  elae  whleh  li  not  generally  e»presaed  at  the  Ume,  bnt  Is  well  nnderstoed.  ThM, 
when  we  say  that  the  ooelT  of  friction  of  one  body  upon  another  is  -X^,  Ac.  it  is  understood  that  the 
firioiion  is  In  the  proportion  of  .^^  of  the  presMirs  which  produces  it.  A  coeflTor  safety  of  8,  mean* 
that  the  safety  has  a  proportion  or  ratio  of  S  to  1  U>  the  th«or«tt'iml  hranHng  load.  A  oneff  of  600  As, 
or  of  30  tons,  ko,  of  tensile  strength  of  anv  material,  denotes  that  said  strength  is  in  the  proportion 
of  500  fts.  or  of  SO  tons.  4c,  to  each  t^uareinehof  tran$9<*ra€  teetUm.  4c.    Same  as  Modulu*. 

Cogw-iam ;  ^n  enclosure  buUt  in  the  water,  and  then  pumped  dry,  so  as  to  permit  masonry  or 
•Htor  work  to  be  oarried  on  inside  of  it. 

Oog;  the  tooth  of  a  cog-wheel. 


CMor;  a  flat  ring  surrounding  anything  dooely. 
(Ml<sr-isam;  a  horisontal  timber  stretching  t\ 


gftom  one  to  another  of  two  rafters  which  meet  at  top; 

bnt  above  the  main  tie-beam. 

CbMcrsts ;  artificial  stone  formed  by  mixing  broken  stone,  gravel.  4o.  with  common  lime.  Wheli 
hydraulic  cement  Is  used  instead  of  lime,  the  mixture  Is  called  beton.  The  terms  •'  lime  conereto  " 
and  "  cement  concrete  "  wooM  be  convenient. 

CbnnseKfHr-rod ;  a  piece  which  connects  a  crank  with  something  which  moves  ft.  or  to  which  tt 
gives  motion. 

OonMtM :  a  kind  of  ornamental  bracket,  somewhat  In  shape  of  an  S ;  much  used  In  cornices,  4e, 
fbr  supporting  ornamental  mooldings  above  It. 

Oopma :  flat  plates  of  stone,  iron.  4o,  placed  on  the  tops  of  walls  exposed  to  the  weather. 

Oorbtl :  a  horisontal  projecting  piece  which  asslsto  in  supporting  one  resting  upon  it  whieh  prc^eeli 
dtBl  farther. 

Cbrs ;  anything  serving  as  a  mould  toe  anything  else  to  be  formed  around.  ▲  torm  much  used  la 
fbnndries. 

Oortwie*  ;  the  ornamental  prcifeotlon  at  the  eaves  of  a  building,  or  at  the  top  of  a  pier,  or  of  any  othet 


a>tt«r-6oft,  or  ktif-boU;  a  bolt  which,  instead  of  a  sorew  and  nnt  at  one  end,  has  a  slot  cut  throngh 
It  near  thai  end,  for  the  insertion  of  a  wedge-shaped  key  or  cottor,  for  ktseping  it  in  its  plaoe.  Some. 
times  the  ends  of  these  keys  are  spUt,  so  as  to  spread  open  alter  being  Inserted,  so  as  not  to  be  Jolted 
out  of  plaoe. 

OmmUrfort;  vertical  projeotions  of  masonry  or  brickwork  built  at  Intervals  along  the  back  of  a  wall 
to  strengthen  It ;  and  generally  of  very  little  use. 

CbtMWsr^sAa/l;  a  secondary  shaft  or  axle  which  receives  motien  from  the  principal  one. 

Oo%mi«r$UHk.    See  Beam. 

Oo!unt«r-VMiigkt ;  or  countar-halanoe  i  any  weight  used  to  balance  another. 

OottpUng*;  a  term  of  very  general  appUoatlon  to  arrangements  for  connecting  two  shafts  so  thai 
ttiej  shall  revolve  together. 

Cover f  see  "butt-joint.'* 

Cbeer ;  in  re-roUlng  iron  and  Mteel  f^m  piles  of  small  pieces,  a  large  bar  or  slab,  called  a  cover,  of 
the  same  width  and  length  as  the  pile,  is  employed  to  form  the  bottom  of  the  pile,  and  a  similar  nlab 
for  the  top.  The  covers  serve  to  hold  the  pile  together :  and,  after  rolling,  they  form  unbroken  top 
and  bottom  surfkees  of  the  finished  plate,  bar,  rill,  I  beam,  4e. 
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IMt  HHfi>inCKl_ 

■  for  ioMrtioii  int* 

»Uo  cog.  wheel*,  »  rope  drum  or  bwitJ.  wftli  a  winch/^o^i,  pulieV!  iS  iS^  •  Jiine  the  dSJ  iS 
"1"*?  '**•  5**  «?•"««  »»'«'r  relatire  position.,  as  th^  d^n  •  deSiok.  *^  '  ''^ 

a  ktado/ hM^e  br  whi,S\S^^^^  iomewhat  Uke  a  Z,  at  the  end  of  a  shaft  or  axle,  and  formlaft 
fhif«^ank  KLZiT?  ■  '**•  «^,n»*J  be  made  to  revolve.  Sometimee.  as  io  oonimon  griDdttonee. 
.^n- -I^^  .  """?*  ?'  »  wsparate  piece  removable  at  pleuare.    That  part  of  this  pieoe  which  has  the 

part  uie  crank-kaiulU.  A  b^orank  oonahita  of  4  bends  at  right  angles  at  the  center  of  an  axle,  form- 
iBglnkftkindof  U.  A  AmMeorma  eonelstaof  twobeUeranksarrangedthns,  ^A.  The  bend  in 
the  IT  forms  the  eremk-wrttt.  The  term  belterankle  applied  also  to  those  used  in  flziag  oommoa  dwell- 
ing honae  bdU  i  and  to  larger  ones  on  (he  same  principle.  A  enmk-pin  is  a  pin  projecang  from  a  n- 
Yolviag  whML  disk,  or  ether  body,  and  serving  as  a  crank-handle,  A  eraiQc-tkt^ft  is  a  shaft  whiek 
has  a  crank  in  it.  or  at  its  end.  ▲  cranked  shah  has  it  m  it  only.  A  ship  or  other  vessel  is  said  to 
be  crank  when  Its  breadth  is  so  small  in  proportion  to  its  depth  as  to  mate  » liable  to  npaet  easily :  or 
whm  the  same  JiaUli^  is  csosed  by  want  of  soffloient  ballast. 
CVmi  ;  that  top  part  of  a  dam  over  which  tiie  water  poars. 
(Vess-euc  sow  ;  a  laiie  herisontal  saw  worked  by  two  men.  one  at  each  end. 

(Wse-*ea4  ;  a  piece  attached  across  the  end  (or  near  it)  of  another  piece,  and  at  right  angles  to  Ik 
M  M  to  form  a  kind  of  T  or  cross.  Often  seen  on  piston  rods,  which  they  serve  to  keep  in  place  by 
resting  on  the  slides,  or  guides.  r      r         ^ 

Orowbar ;  a  bar  of  iron  used  as  a  lever  for  rarions  parpcoes ;  often  pointed  i4  one  end. 

Crown,  or  contraH  wheel ;  a  cog-wheel  in  which  the  teeth  stand  not  npon  its  ooter  oircnmferenoa  aa 
anal,  but  npon  the  plane  of  its  drde. 

Curb ;  a  broad  flat  circular  ring  of  wood,  iron,  or  stone,  placed  under  the  bottoms  of  oironlar  walkb 
«•  in  a  well,  or  ehaft,  to  prevent  unequal  settlement;  or  built  into  the  walls  at  intervals,  for  the  sum 
purpose.    Has  many  other  meanings. 

(^t-off;  an  arrangement  for  cutting  off  the  steam  fh>m  a  cylinder  before  the  piston  has  made  Ito 
fnU  stroke.    Also  a  ohannrt  cut  through  a  narrow  neck  of  laod.  to  atraigbten  the  course  of  a  river. 

Outwatm-,  or  storling ;  the  pr«|}ecUng  ends  of  a  bridge  pier,  i(c,  usually  so  shaped  as  to  allow  wa««, 
iM,  ^,  to  strike  them  with  but  Uttle  injury.  j  y^ 

JDanmer;  a  door  or  valve  to  regulate  the  admission  of  air  to  a  ftmaee,  stove,  fto. 

I>«ad  load;  the  cars,  engine*  «c,  in  a  train ,-  non-paying  load. 

Dead-load;  in  a  bridge,  the  wei^t  of  the  bridge  itself,  wlA  flooring,  roof,  *e;  aa  dlstlngvlslMd 
from  the  lipe  load  of  passing  trains,  vehicles*  pedestrians,  fte. 

3ead  potmu ;  tlMse  two  points  in  the  revolution  of  a  crank,  where  the  crank  arm  la  parallel  with 
the  rod  which  ooaaecte  it  with  the  moving  power;  and  at  which  said  rod  exerts  no  tendency  to  torn 
the  crank. 

Declination,  of  the  sun,  or  of  a  star,  is  its  angle  north  or  south  of  the  earth's  eaoator  at  the  tima 
•f  observation.  ^^ 

DecMvity;  a  downward  slope  or  descent  of  ground,  Ae. 
^''M<^  l>tooks  oonstltutiog  frnamente  in  a  cornice ;  placed  at  short  Intervals  apart,  they  rescmUa 
teeth,  when,  instead  of  mere  blocks,  they  are  handsomely  carved  in  various  shapes,  they  are  eallad 

BOdilliMIS.  r     f        J  — — ^ 

Derriek;  a  kind  of  crane,  dliSnrIng  fk-om  common  ones,  chiefly  in  the  fact  that  the  rope  or  chain 
which  forms  the  stay  may  be  let  out  or  hauled  in  at  pleasure,  thus  raising  or  lowering  the  inclination 
«r  a  Jib;  thereby  enabling  the  raiMd  load  to  be  placed  vertically  at  the  required  spot.  This  oanaoi 
he  done  with  a  crane,  which,  therefore,  is  not  aa  well  adapted  for  laying  heavy  masonry,  especially 
at  great  heighte.  ^    >»         ^  j*     ,.^-^ 

Diaphram;  a  thin  plate  or  partition  placed  across  a  tube  or  other  hollow  body. 

Die ;  that  part  of  a  stomp  that  gives  the  impression.  Dies  are  also  two  flat  plates  of  hardened  steel. 
M  an  edge  of  each  of  which  is  hoUowed  out  a  senalciroolar  half  of  a  short  female  screw.    When  tbe>K> 

Elates  are  put  In  contact  they  form  a  complete  female  screw,  like  that  in  a  nut ;  and  being  Btroo|d» 
eld  together  by  an  iron  boxing  ealled  the  die-stocks,  irhiefc  hare  long  handles  tor  revolvingthem.  ther 
eonstltute  a  mould  or  cotter  for  forming  threads  on  a  male  screw.    Also  the  main  body  of  a  pedestal 

Dip;  in  geology,  either  the  angle  which  the  alope  of  a  stratnm  forms  with  a  horicootal ;  or  the 
direction  by  compass,  toward  which  It  slopes.  In  surv^ng,  the  Inclination  at  which  an  unbalanced 
eempass-needle  resta  on  its  pivot  after  being  magnetlaed. 

D%ak;  a  flat  drcnlar  pieoe. 

Dock;  an  artificial  enclosure,  either  partial  or  total.  In  which  shipe  and  other  vessels  are  plaoed 
for  being  loaded  or  unloaded,  or  repaired.    The  first  is  a  wet  dock ;  the  last  a  dry  one. 

Dog-iron;  a  short  bar  of  Iron,  forming  a  kind  of  cramp,  with  Iw  ends  bent  down  at  right  an|^ 
•■d  pointed,  so  as  to  hold  together  two  pieces  into  which  they  are  driven.  Often  used  tor  temporary 
parposes.    It  is  alee  ealled  a  de«*lron  when  only  one  end  is  bent  down  and  pointed  for  drivincthe 
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•(thtr  end  bef n(  formed  Into  an  eye  or  «  handle  \>j  which  the  pleoe  Into  whleh  the  other  end  Is  ditren 
BUT  be  hauled  or  towed  away. 

Donkey-engine ;  a  raiaU  tteam  engine  attached  to  a  large  one,  and  fed  ft-om  the  same  boUer.  It  U 
ued  for  pamping  water  Into  the  boiler. 

DoubU  crank.    See  Crank. 

rioutiiail :  a  joint  like  20.  pige  7SJ ;   It  Is  a  poor  one  for  timber  when  there  U  mnch  ltral«, 

beiag  then  apt  to  draw  out  more  or  less. 

Dowel ;  a  straight  plii  of  wood  or  metal,  Insertecl  part  wav  into  each  of  two  facea  which  it  ooltea. 

Draft;  the  depth  to  which  a  floaiiug  vessel  sinka  in  the  water j  lu  other  words  the  water  it  draws. 

Draught;  a  drawiuj.  A  narrow  level  Btripe  which  a  stonecutter  first  cuts  around  the  edgea  of  a 
roagh  atone,  to  guide  him  in  dressing  off  the  face  thus  enclosed  by  the  draught. 

Dravf'plate;  a  plate  of  very  hard  steel,  pierced  with  amstl  circular  holes  of  different  diameters, 
through  which  ]a  succession  rods  of  iron  are  drawn,  and  thus  leugtbened  out  into  wire.  Somotimea 
the  holes  are  drilled  through  diamond  or  ruby,  ic,  instead  of  steel. 

Drift;  a  horiiontal  or  inclined  passage-way,  or  amail  tunnel,  in  mines,  Ac.  To  float  away  with  a 
•arreaC.    Trees,  4o,  carried  along  by  freshets. 

Drip  ;  a  small  channel  cut  under  the  lower  projecting  edge  of  coping,  4o,  so  that  rain  when  It 
reaohes  that  point  will  drip  or  fall  off,  Instead  of  finding  lu  way  horizontally  beneath  to  the  wall, 
which  it  would  make  damp. 

Drop  I  abort  pieces  of  nearly  complete  cylinders,  placed  at  small  distances  apart,  la  a  row  like 
teeth,  aa  an  ornament  to  cornices,  ^. 

Dram;  a  revolTing  cylinder  around  which  ropes  or  belts  either  travel  or  are  wound.  When  oar* 
row  and  used  with  belts  they  are  called  pullers. 

Drs-rot;  decay  In  such  portions  of  the  timber  of  houses,  bridges,  ka,  as  are  erposed  to  dampness, 
especially  iu  couHued  warm  situations.  The  timber  in  cellars  aud  basement  stories  is  mere  liable  to 
it  than  in  other  pans,  owing  to  the  greater  danipuess  absorbed  by  the  brickwork  from  tbe  ground. 
Con**ct  with  lime  or  mortar  hastens  dry  rot.  The  ends  of  girders,  joists,  &c,  resting  on  damp  walls, 
may  be  partially  protected  by  placing  pieces  of  state  or  sheet  iron  under  them.  Tbe  painting  or  tar< 
"tog  of  unaea»oned  timber  expedites  internal  drj  roL  A  thorough  soaking  of  timber  la  a  solntion  of 
38  grains  of  qnlckllme  to  1  gallon  of  water  is  said  to  be  a  preTentiTe  of  dry-rot ;  but  the  best  prooess 
for  that  purpose  is  saturation  with  oreosote  or  carbolic  acid. 

Dyk« ;  mounds  of  earth,  £o,  built  to  prevent  overflow  from  rlTera  or  the  sea.  A  kind  of  geological 
frregularity  or  disturbaDoe,  consisting  of  a  stratum  of  rock  injected  as  It  were  by  volcanio  action,  bo* 
tween  or  across  strata  of  rocks  of  another  kind.     A  levee. 

Eccentric:  a  oircviUr  plate  or  pulley,  surrounded  by  a  loose  ring,  and  attached  to  a  revolving 
fih  if!  '  1  :.  ■  '  I  Hid  with  it,  but  not  having  the  same  center;  for  producing  au  alternate  motion. 
(I :  .1  crank,  aa  they  do  not  weaken  the  axle  by  requiring  it  to  be  bent.     There  ar© 

maru'  111 

Aearpment ;  a  nearly  rertloal  natural  faee  of  rook  or  aotL 

JbeiKcAeon;  the  little  outside  moTable  plate  that  protects  th«  keyhole  of  a  look  tnm  dntt. 

Are  ;  a  ciroalar  hole  In  a  flat  bar,  to,  for  reoeiving  a  pin,  or  for  other  porpoeee. 

^e  mnd  strap ;  a  hinge  eommen  for  outside  ehntten,  Ac,  one  part  eonslsting  of  an  Iron  strap  ott« 
end  ot  which  Is  forged  Into  a  pin  at  right  angles  to  It ;  and  the  other  part,  of  a  epikis  with  an  ere, 
through  whloh  the  pin  passes.  When  the  eye  Is  on  the  straps  and  the  pin  on  the  spike,  it  Is  oallea  • 
hook  and  strap.    Such  hinges  are  sometimes  called  "  backflaps." 

Mf-boU;  a  bolt  whloh  has  an  eye  at  one  end. 

nee- watt;  one  built  to  sustain  a  faee  out  into  natural  earth,  in  dlstlBotlon  te »  retalnlng-wiU^ 
whloh  supports  earth  deposited  behind  it. 

JWI;  the  rope  need  with  pulleys  In  hoisting. 

jnUee-worke ;  the  seaflbld,  center,  or  other  temporary  aupports  flsr  a  struoture  while  II  Is  being 
taHt.  In  Tery  swift  atreums  It  is  sometimes  neoessary  to  sink  orlbs  filled  with  stone,  as  a  base  ft>r 
false- works  to  foot  upon. 


JlwelMs;  bandies  of  twige  inH  small  branches,  for  formlhg  foundatloM  en  soft  ground. 
Fatiaue:  of  materials;  tbe  Inoreaae  of  weakness  produced  by  '  .  .^  .. 

hauTy  Muda  for  a  long  time. 
I^ueet;  a  short  tube  for  < 


;  tbe  inoreaae  of  weakness  produced  by  fkvquent  bending;  or  by  sustaining 


r  emptying  liquids  f^m  a  cask,  Ac ;  the  flow  is  stopped  by  a  spigot.  Tha 
wider  end  of  a  oommon  oast-Iron  water  or  gas  pipe. 

Feather;  a  slightly  projecting  narrow  rib  lengthwise  of  a  shaft,  and  which,  oatohing  into  aoqrre. 
spending  groore  in  anything  that  surrounds  and  slides  along  the  shaft,  will  hold  it  fast  at  any  required 
part  of  the  length  of  the  feather.    Has  other  applications. 

Fetuher-edge ;  when  one  edge  of  a  board.  &o,  Is  thinner  than  the  other. 

fWoe^  wfeUff;  the  olroular  rim  of  a  wheel,  into  which  the  outer  ends  of  the  spokes  fit;  and  whidi 
:•  often  surrounded  by  a  tire. 

FeU;  a  kind  of  eoarse  fabrlo  or  doth  made  of  fibree  of  hair,  wool,  ooarse  paper,  fto>  by  presanra, 
and  not  by  wearing. 

Fender;  a  piece  for  protecting  one  thing  fh>m  being  broken  or  injured  by  blows  from  another: 
flrvquenuy  Turtloal  timbers  along  the  outer  fnes  of  wharres,  to  prevent  injury  ftt»m  the  rubbing  of 
▼e^^els. 

F$nder-pnee;  plies  drlren  to  ward  off  aootdental  floating  bodies. 

Ferr%iie ;  a  broad  metalllo  ring  or  thimble  put  around  anything  to  keep  it  flrom  splitting  or  breaking; 
A  small  sleere. 

Fillet :  a  plain  narrow  flat  moulding  In  a  oomloe,  fte.    See  Platband. 

Fieh  :  to  Join  two  beams,  *e,  by  fastening  other  long  pieoea  to  their  feldea. 

Ftage;  bread  flat  stones  for  paring. 

Flange  ;  a  prqjecting  ledge  or  rim. 

FtaeMnget  broad  strips  of  sheet  lead,  eopper,  tin,  Ao,  with  one  edge  Inserted  Into  the  Joints  of 
briokwork  or  masonry  an  inch  or  two  above  a  roof,  fte;  and  projecdng  out  several  Inohes,  so  as  to  be 
flattened  down  close  to  the  roof,. to  prevent  rain  from  leaking  through  the  Joint  between  the  roof  and 
the  brick  chimney,  km,  which  projects  abore  It. 

FUuke;  upper  and  lower;  the  two  parts  of  the  box  whieh  eontalns  the  mould  Into  which  melted 
Iron  Is  poured  for  castings. 

Flatting ;  causing  painting  to  hare  a  dead  or  dull,  Instead  of  a  glossy  flnlsh,  by  nsing  torpenttna 
laetbM  of  oil  lu  Che  fast  coat. 


Fliere  ;  a  straight  flight  of  steps  In  a  stairway. 

FloodgtUe  ;  a  gate  to  let  off  excess  of  water  iu  floods,  or  at  other  tlmiMU  ^^  ^  C^  OOOIc 
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Flmm»i  %  ditob,  troagh,  or  etbar  o1imid«1  of  modenu  tite  for  ooDdaelinf  mumr.    Tlw  ditebM  m 
ralrerts  ttarouf  b  wbiob  sarplot  water  dmms  froni  aa  upper  to  a  )»wer  reaeb  of  a  canal. 
Flutht  fonnlng  an  ev«a  oontinaous  line  or  surface,    'i'o  clean  out  a  line  of  pipes,  sewers,  guttera 


ko,  by  letting  on  a  sadden  rasb  of  water.    Tbe  splitting  of  tbe  edges  of  stones  under  pressure. 

Fltut—f  Tarioos  snbstanoee  need  to  prerent  tbe  instantaneous  formation  of  rust  wben  welding  two 
pieces  of  bot  metal  togetber.  Suob  mst  would  cause  a  weak  weld.  Borax  is  used  for  wrought  Iron ; 
^  mixture  of  borax  and  sat  amwoniao  for  steel;  obloride  of  siuo  for  sine ;  sal  ammoniac  for  copper 
•r  brass;  tallow  or  resin  for  lead. 

Ftif-mhtelf  a  heavy  revolving  wheel  for  eqnaliaing  the  motion  of  ntacbinery. 

Foamtimg;  an  nndue  amount  of  boiling,  caused  by  grease  or  dirt  in  a  boiler. 

FoUo¥>*r:  any  cog«wheel  thai  is  driven  by  anotber;  that  other  is  tiie  Uadtr, 

Foreept;  any  tools  for  holding  things,  as  by  pinoers,  or  pliers. 

Fortiban,  or  p4n$tock;  the  reservoir  from  wnich  the  water  passes  immediately  to  a  water-wheel. 

a^ge;  to  work  wrought  iron  into  shape  by  first  softening  it  by  heat,  and  then  hanunering  it  into 
tbe  required  form. 

Forg*-kaimm«rt  n  beavr  hammer  for  forging  large  pieces;  and  worked  by  machinery. 

FoxtaUi  a  thin  wedge  inserted  into  a  slit  at  tbe  lower  end  of  a  pin,  so  that  as  the  pin  is  driven 
down,  tbe  wedge  eaters  it  and  canses  it  to  swell,  and  bold  more  firmly. 

iVoNMi  to  out  together  pieces  of  timber  or  metal  so  as  to  form  a  truss,  door,  or  other  strooture. 
The  thing  so  framed. 

^rtutQUffvUtnt  hwd  oyUoden  placed  ander  a  body,  that  it  may  be  moved  more  readily  than  l>y 
eliding. 

FrttnUon-wheeU  ;  wheels  so  plaoedtbat  tbe  joomals  of  «  ebaft  may  rest  upon  their  rims,  and  thua 
be  enabled  to  revolve  wi£h  diminished  friction. 

Fries*  f  in  arobitectore,  tbe  portion  between  tbe  architrave  and  cornice.  The  term  is  often  apfdied 
wben  there  is  no  architrave. 

F%Uerum;  tbe  point  about  which  a  lever  turns. 

Fmrrinatf  pieoes  placed  upon  others  which  are  too  low,  merely  to  bring  their  upper  mirfaoes  np  to 
ft  required  level ;  as  is  often  done  with  Joisu,  wben  one  or  more  are  too  low ;  a  kind  of  chock. 

FuMCi  OTfuae  ;  to  melt.  A  alow  match,  which,  by  burning  for  some  time  before  tlie  fire  reaches  tho 
fowder,  gives  the  men  engaged  in  blasting,  time  to  get  out  of  tbe  way  of  flying  frsgments  of  stone. 

Gcuket;  rope-yarn  or  hemp,  used  for  stuflhtg  at  tbe  join te  of  water-pipes,  Ac. 

Oearing:  » train  of  ooa*  wheels.  Now  inneh  supplanted  l>y  belta. 

Oib;  the  piece  of  meul  somewhat  of  this  shape,  i— J,  often  need  in  tbe  same  hole  with  a  wedge, 
sbaped  key  for  oonflning  pieces  togetber.  In  eeamon  nee  for  fastening  tbe  strap  to  tbe  stub-end  of 
the  oooneeting-rod  of  an  engine. 

Otn;  a  revolving  vertical  axis,  nsnaUy  fkirnisbed  with  a  rope-dram,  and  having  one  or  more  long 
arms  or  levers,  by  means  of  which  it  is  worked  by  horsee  walking  in  a  circle  aronnd  it.  Ueod  for 
hoistiog.    Cottou-gin,  a  machine  for  separating  cotton  from  iu  seeds. 

Girder;  a  beam  larcer  than  a  common  joist,  and  used  for  •  similar  purpose. 

aiitoU;  in  fortiftoauon,  an  easy  stope  of  earth. 

OUind.  See  Stufflng-box.    Also,  a  kind  of  coupling  for  shafts. 

Olu*;  a  cement  tw  wood,  prepared  obiafly  from  the  gelaUne  famished  by  boiling  tbe  parings  of 
hides.    Good  gine  wlU  hold  two  piecee  of  wo«>d  together  with  a  force  of  frea  MO  to  760  Ibe  per  eq  in. 

Oovmrnor;  two  balls  so  attached  to  an  upright  revolving  axis  as  to  fly  outward  by  their  oentrifugal 
force,  and  thns  regulate  a  valve. 

Graptul;  a  kind  of  compound  hook  with  several  curved  points,  for  finding  things  in  deep  water. 

OriUag*:  a  kind  of  network  of  timbers  laid  crossing  each  other  at  rigbt  angles;  frequenUy  placed 
on  tbe  heads  of  piles,  for  supporting  piers  of  bridges,  and  other  masonry. 

Groin ;  an  arch  formed  by  two  segmenul  arches  or  vaults  iaierseoting  each  other  at  right  angles. 
Also,  a  kind  of  pier  built  f^m  tbe  shore  outward,  to  Interoept  shingle  or  gravel. 

Oroofv;  a  small  ohannsl.  A  triangular  one  is  ealloda 

wamfered  groove. 

Onmnd-awO,;  waves  wkleh  eoattnue  after  a  stoim  has  osased;  or  oansed  by  storms  at  a  distaoes. 

(Tr'Htl ;  tbin  mortar,  to  be  poured  into  tbe  intorstloes  between  stones  or  bricks. 

Oudgtont  t  the  metal  Journals  of  a  horisontal  shaft,  such  aa  that  of  a  water-whoeU  For  moderate 
sp«e<ts 

Diam.  ins    t «.  K'  Weight  in  fts  on  one  gudgeon 
If  of  cast-iron  >  ""  —————— jg— 

^or  wrougfat-lrwi.  add  ODe*twoDtie(h. 

Oun-metal.  or  bronse ;  a  compound  of  eopper  and  tin.  sometimes  used  for  cannon.  Also,  a  quality 
of  cast  Iron  fit  for  tbe  same  purpose. 

Ou$»et$!  plain  triangular  pieces  of  plate  iron,  riveted  by  their  vertical  and  horisontal  legs  to  tbe 
sldee,  tops,  and  bottoms  of  box-girders,  tubular  bridges,  ice.  inside,  for  strengthening  tbeir  anglee. 

Guy ;  ropes  or  chains  used  to  prevent  anything  from  swinging  or  moving  about. 

Ggrof!  to  revolve  aronnd  a  central  axis,  or  point. 

HaMng:  to  notch  togettier  two  timbers  whien  cross  each  other,  so  deeply  that  tbe  Joint  thiokness 
shall  equal  only  that  of  one  whole  timber. 

Hammtr  dres* ;  to  dress  tbe  face  of  a  stone  by  elight  blows  of  a  iMunmer  with  a  eutting  edge.  Th« 
polenl  hammer  for  such  porpeeeo  has  several  such  edgee  placed  parallel  to  each  other,  each  of  which 
may  be  removed  and  replaced  at  pleasure. 

ffand-Uttr;  in  an  engine,  a  lever  to  be  worked  by  baud  instead  of  bv  ■ 

Handtpike ;  a  wooden  lever  for  working  a  capetsn  or  windlass ;  or  ether  pnrpoees. 

Band-wheel;  a  wheel  used  instead  of  a  spanner,  wrench,  wineh,  or  lever  of  any  kind,  for  screwing 
nuts,  or  for  raising  weights,  or  for  steering  with  a  rudder,  Ac. 

Hdngmrt,  or  prndtnthraekHt  t  fixturss  pr4|)ecting  below  aostUng,  to  support  tbe  Journals  of  long 
lines  of  sbaftfng ;  and  for  other  purpose.    Should  be  "  sslf-a4|ostlng." 

JETosp;  a  piece  of  meUl  with  an  opening  for  folding  it  over  a  staple. 

Hatchwag!  <^  horizontal  opening  or  doorway  in  a  floor,  or  In  the  deck  of  a  veeseL 

Baun^hM  t  tbe  parte  of  an  arch  from  the  keysteno  to  tbs  skewbaok. 

Head-block;  a  bldck  on  wbiob  a  pillow-block  rests. 

Memder;  a  stone  or  brick  laid  lengthwise  at  rigbt  angles  to  tbf  face  of  tbe  masonry. 

Beading ;  in  tunnelling,  a  small  driftway  or  passage  excavated  in  advance  of  the  main  body  of  tho 
teunel,  but  forming  part  of  it;  for  ftMllltatlng  tbe  work. 

Beadwa§ ;  tbe  dear  height  overhead.    Pregrsas.  /^  ^  ^  r^  I  ^ 

Beet-pott;  that  on  which  a  lock  gate  turns  on  ite  pivot  Digitized  by  VjOOQLc 

Bilme  f  tbs  handle  of  an  axe.  ^ 
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JlRft t  tboM  ermiaMolj  UMd  on  th*  doors  of  dvoUiBg*  aro  eallod  battR,  or  butt  blnget.  (Kyo  ud 
■liap.  .)  iUafnf  MafM  mo  «Mk  m  e»Mo  (1m  door  (o  rlM  s  liitk  ai  it  to  oj^eoed.  SLd  thai  eaoM 
tbt  door  to  shut  i;ceir. 

BIp  roof,  or  htppad  fof;  ono  thai  ilopos  four  irayi ;  thai  fDrming  angloi  eallod  bips. 

HoardUngf  a  tomporary  olooo  fonoe  of  boards,  plaeod  around  a  work  in  progroM,  to  ozolode 
■trawler*.  • 

Hotdtng-plat—,  w  ancAors;  strong  broad  plates  of  iron  sank  Into  the  gronnd,  and  generally  tor- 
rettoded  hj  masonrj ;  for  resisting  the  poll  of  the  oabies  of  suspension  bridges ;  and  for  other  sioii* 

See  Ere  and  stn^*. 


lar  pnrposes. 

Sook  miUl  atrap. 

Hon—i  the  sloping  timWs  wbioh  oarrj  the  steps  In  a  stairease. 

Horuingt}  in  rolling  mills,  4o,  the  ▼ertioal  supports  for  the  boxes  in  which  tbe  JoumalB  rcTolre. 

Hmb,  or  novo  ;  tbe  oentral  part  of  a  wheel,  through  whioh  the  axletree  passes,  and  from  which 
Ibe  spokes  radiate. 

Impott;  the  opper  part  of  a  pier  from  which  an  arob  springs. 

Ingot ;  a  lump  of  oast  metal,  generally  somewhat  wedge-shaped.    ▲  pig  of  oast  iron  Is  an  Ingot 

Invert}  an  inverted  arob  fTequMiUy  bollt  under  openings,  in  order  to  dutribute  the  pressure  more 
evenly  orer  tbe  foundation. 

Jadkf  a  raising  instrument,  eonsUting  of  an  Iron  raek.  In  eonneetion  with  a  short  stout  ttmbv 
whieh  snpporu  it,  and  worked  \tr  oog-wheels  and  a  winch.  A  tcrewiack  Is  a  large  screw  workina 
in  a  strong  frame,  tbe  base  of  which  serves  for  it  to  stand  on ;  and  which  U  caus^  to  revolve  and 
rise,  carrying  the  load  on  top  of  it,  by  turning  a  nut,  or  otherwise. 

/•db-m/tsrs,  or  eommoa  rafters;  smaU  rafters  laid  on  tbe  puiiins  of  a  roof,  for  supporting  tb» 
shingling  laths,  4o. 

Jag'»pik»;  a  spike  whoee  sides  axe  Jagged  or  Botohed,  with  the  mistaken  idea  tbatitt  holding  power 
Is  thereby  much  increased.  If  a  spike  or  bolt  to  flrst  put  into  lu  place  looselr,  and  then  has  melted 
lead  run  around  it,  tbe  Jagging  does  asstot ;  but  not  when  it  is  driven  into  wood. 

, — »--  ...--.J «  -_  ^ — . .. .- ..    ..-.  --^--_  _t_^ —   -_j  * — )i»oejam 

en. 

iplaee. 


Jambtf  the  sides  of  sn  opening  throngh  a  wall,  Ac:  as  door,  window,  and  fireplace  jambs. 

Jawib-UHinga ;  the  faoing  of  woodwork  with  whioh  jambs  are  oorered  and  bidden. 

Jaw;  an  opening,  often  v-shaped,  tbe  inner  edges  of  wbioh  are  for  holding  something  in  pli 

JttHe,  vt  jetty;  a  pier,  monod,  or  mole  projecting  into  the  water;  as  a  wharf-pier,  tc. 

Jib;  tbe  opper  pro^ting  member  or  arm  of  a  orane,  supported  by  the  sUy. 

Jtg-*ttw;  a  very  narrow  thin  saw  worked  vertleally  by  machinery,  and  used  for  sawing  eurred 
ornaments  in  boards. 

Joggle  ;  a  joint  like  that  at  8  or  4,  Ac,  p  7S5,  of  Tmssea,  for  receiving  the  pressure  of  a  strut  at 
right  an^es  or  nearly  so.  Also  applied  to  squared  blocks  of  stone  sometimes  inserted  t»etween 
•onrses  of  masonry  to  prevent  sliding.  &o. 

JoUt ;  binding  joists  are  girders  for  sustaining  oommon  Joists.  Tbe  common  ones  are  then  called 
Iridging  ioi»u.  CMUn^r  Joists  are  small  ones  under  roof  trtuses,  or  under  girders,  and  for  sustain* 
lag  merely  tbe  plastered  ceiling. 

Journal-box;  a  fixture  upon  which  a  journal  rests  and  revolves.  Instead  of  a  plommer-block. 

JottmaU  ;  the  eylindrical  supporting  ends  of  a  horisontal  revolving  shaft.  Their  length  to  usually 
about  1  to  IH  times  their  dlam.     In  lines  of  shafting  4  diams.    To  find  tbe  diam,  see  Gudgeon. 

Jumper;  a  drill  used  for  boring  holes  in  stone  by  aid  of  blows  of  a  sledge-hammer. 

JTe^sr*  *  the  pioMs  oTmetal  or  wood  wbteb  keep  a  slidlnf  bolt  in  its  place,  and  guide  it  in  sliding. 

K«rf;  the  opening  or  narrow  slit  made  in  sawing. 

Xey-bolt.    See  Cotter-bolt. 

Xeystone;  the  oentar  stone  of  anarch.  ,     _         ^  _ 

XibbU;  the  booket  used  for  raising  earth,  stone,  *e.  from  shafts  or  mines.  ^   ,^     ,  .. 

King^oat,  king-rod  ;  the  center  post,  vertical  piece,  or  rod.  in  a  truss ;  all  those  on  each  side  oT  it 
•re  queen-posu,  or  queen-rods.    Frequently  called  simply  kings  and  queens. 

Xnse  .•  a  piece  of  meul  or  wood  bent  at  an  angle  j  to  serte  as  a  bracket,  or  as  a  means  of  uniting 
two  surfaces  which  form  with  each  other  a  similar  angle.  ^  _,      »v- 

Lagging,  or  ahaeting  ;  a  covering  of  loose  plank ;  as  that  placed  upon  centers,  and  supporang  th« 
Mtthstones.    Also,  an  outer  wooden  casing  to  looomotlve  boilers  and  others. 

Landing;  tbe  resting-place  at  the  end  of  a  flight  of  stairs. 

Jmi^pll^oM  piece"u°K)n 'another,  with  tbe  edge  of  one  reaching  beyond  that  of  the  other. 
Lap-walding :  wddtog  together  piece-  that  have  Sm  been  lapped ;  in  distinction  to  »►""•     ill^JL 
Laad.  (prononnced  Ued:)  in  stesm-enstines.  a  certain  amount  of  opening  of  the  port-valve  befoio 
•Mb  stroke  of  the  piston  begins.    The  distance  to  which  earth  to  hauled  or  wheeled. 
Laadar;  a  cog-wheel  that  Rives  motion  to  the  next  one  or  follower. 
Laading-baam ;  Uadtng-pUe  /  one  placed  as  a  guide  for  placing  others. 
Lamdi>Hi-v;haeU ;  in  a  locomouve,  those  frequently  placed  in  front  of  the  driving-wheels. 

xIS" 'a  part'Sri'eJrin*ro';er  like  a  shelf;  a  rock  so  proJ«»ring.  A  narrow  strip  of  board  naitod 
Mross  oUier  boards,  to  hold  them  toRetber,  as  in  temporary  ledge-doors.  u     ^  w  i    i-  .  Ki««k 

jKSto/ln  anraniement  composed  of  2  or  8  pieces  of  metal  tot  into  a  wedge-shaped  bote  In  a  block 
af  stone,  by  which  to  raise  the  block.  .k*— 

JAght^  /a  scow,  raft,  or  other  vessel,  used  for  unloading  vesseto  out  from  the  shore. 

Linchpin;  a  pin  near  tbe  end  of  an  axle,  to  hold  the  wheel  on. 

WnJk;  one  of  the  divisions  of  a  chain:  or  a  pleoe  shaped  like  one.       _^      ,      ,         .  „.„. 

LtH-motUtn:  a  device  for  regulating  the  movement  o?  the  main  or  port  valve  In  a  •team-OMlne. 

zJntil  •  ohoriiontal  beam  icross  an  opening  in  a  wall,  as  seen  in  windows,  doors.  4c.  When  of 
wide  roan  and  sSportlnTboavy  brickwork  or  mawnry.  it  to  called  a  breast-summer,  or  bre«»ummer. 

L^S^th^!^^oSAooT^^%  whtoh  are  entirely  concealed  within  the  thidtness  of  the  door,  are 
e^iortK  SksTtbow  whtoh  are  screwed  against  the  face  of  a  door,  rim  locks.    It  mu»t  be  remem- 

'^tS:VrwXf  v;l5!!farw1ndo^^^  frequently  at  the  tops  of  rooto  of  depots.  *o,  provided  with  hor 

laontal  slats,  which  permit  ventilation,  and  exclude  rain.     • 

Ijommuia  i  tbe  shape  of  a  rhomb ;  often  called  diamond-shaped.   ,  ^         .  .«!.«.#■— 

SS^Icasrtng,  small  projections  from  the  general  surface,  and  tor  various  P-rP****;"***  ••  f« 

HlfiSS'the  body ;  or  for  a  iange  for  Joining  it  to  another ;  or  for  a  support  for  something  etoo. 
jrawstf  the  wooden  hammer  used  by  atonMuttara. 
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Mandrtl;  an  iron  rod  uMd  u  a  core  around  whieb  a  flat  ptoea  naj  be  beat  Into  a  erUndrieal  shaM 
ilso  tbe  shaft  that  carries  the  chaok  of  a  lathe.  wjmuutkwi  •iwp« 

i^i!i':  .'tiT^J^Jfii*/  "ui^'K  *  TS  "»'»  ••»'?f  •  boUeP.  ottlrari,  Ao.  to  olean  or  repair  it. 

Mattock;  a  kiaa  of  plok  with  broad  edges  for  digging. 

Maul ;  a  heavj  wooden  banimer. 

Mtan,  artthmetie<U :  half  the  som  of  two  nnmbers. 

"     .  geonutrtccU;  the  sq  rt  of  the  product  of  two  onmben. 
Mean-proportiontU ;  the  same  as  the  geometrical  mean. 
Meridian ;  a  north  and  south  line.    Noon. 

Mitre-ioint:  a  Joint  formed  along  the  diagonal  Une  where  the  ends  of  two  pieaee  are  united  at  an 
angle  with  each  other. 
Sntrt-tiai  the  sill  against  whioh  the  lock  gates  of  a  canal  shat. 
ModvitA*  :  a  datum  aerring  as  a  means  of  eomparison.    Same  aa  wnttoinX  or  eo^^l«<«n<. 

Momtnt  I  tendency  of  foroe  acting  with  leverage. 

Moimtnt  o/ruptwre^  or  of  bending;  the  tendency  which  any  load  or  foroe  ezerta  to  break  or  bend  a 
bod  V  by  the  aid  of  leverage.  Its  amount  is  found  in  foot-pounds  by  multiplying  the  force  iu  Iba,  by 
tite  length  of  leverage  in  feet  between  it  and  that  part  of  (be  body  upon  which  the  tendenoy  iaemted. 

Monkey;  the  hammer  or  ram  of  a  pile-driver. 

Monkey-¥n-0nch,  or  sertw-wroneh ;  a  spanner,  the  gripping  end  of  which  oan  be  adinated  by  meaoa 
of  a  screw  to  fit  obfects  of  dilTerent  sizes. 

Mooring*;  fixtures  to  which  ships,  kc,  can  make  fast. 

Moriiae;  a  hole  cut  in  one  piece,  for  reoeiving  the  tenon  which  projeots  tnm  another  piece. 

Muck;  soft  surface  soil  containing  much  vegetable  matter. 

Muntint,  or  mvMon$;  the  vertical  pieces  which  separate  the  panes  in  a  wlndew-sash. 

S'iiling-hU>ck» ;  blocks  of  wood  inserted  in  walls  of  stone  or  brick,  for  nailing  washboards,  ko,  te. 

Sav;  the  main  body  of  a  building,  having  connecting  wings  or  aisles  on  each  side  of  it.  The  hub 
jt  a  wheel. 

Newtl ;  the  open  space  surrounded  lij  a  stairway.  , 

Xewel-pott;  a  vertical  post  ftometimea  used  for  sustaining  the  outer  ends  of  ateps.  Also  the  large 
baluster  often  placed  at  the  foot  of  a  stairway. 

Jfippert ;  pincers.    An  arrangement  of  two  ourred  arms  for  catching  hold  of  anything. 

Normal;  perpendicular  to     According  to  mle.  or  to  correct  principles. 

No$ing  ;  the  slight  projection  oft^n  given  to  the  f^at  edge  of  the  tread  ot  a  step ;  usually  rounded. 

Nut,  or  Jtwrr;  the  short  piece  w\ih  a  eentral  female  aerew,  used  on  the  end  of  a  screw-bolt,  ftc,  for 
keeping  it  in  place. 

Ogee ;  a  moulding  in  shape  o^  an  S,  the  same  aa  a  dma. 

Ordinal ;  a  line  drawn  at  right  anglea  from  the  axis  of  a  eunre,  and  extending  to  the  onrre. 

OeeUlate ;  to  swing  backwnrd  and  forward  like  a  pendulum. 

OiU  of  wind,  pronounced  ttgnd ;  perfeotljr  straight  or  flat. 

Ovolo ;  a  projMting  oon<«x  moulding  of  quarter  of  a  oirole ;  when  It  Is  conoave  It  is  a  navetto,  of 
hollow. 

Paeklng ;  tho  malarial  plaeed  In  a  8(aftag>bo3C«  te,  to  proTent  leaks. 

Paeklng-pieee*.;  short  pieces  Inserted  between  two  others  whioh  are  to  be  riveted  or  bolted  together 
to  prevent  their  comiag  in  contact  with  each  other. 

Putt,  or  pawl.    Set  Ratchet. 

Purapet ;  a  wall  or  any  kiod  of  fbnee  or  railing  to  prevent  persons  from  falling  offl 

AmtoI;  to  wrap  eanvaa  or  raga  round  a  rope. 

Parge ;  to  make  the  inside  of  a  flue  ameotb  by  plastering  It. 

Patent  hammsr;  a  hammer  with  several  parallel  sharp  edges  for  dressing  stone. 

Pag.    To  cover  a  surface  with  tar.  pitoh.  to.    A  ship  word. 

Pagotu.    To  slacken,  or  let  out  rope.  .    . 

Pediment;  the  triangular  spaoe  in  the  faoe  of  a  wall  that  ia  Included  between  the  two  sloping  aldee 
of  the  roof  and  a  line  Jnioing  the  eavea.. 

PenetocK    See  Porebay.  , 

Pier ;  the  support  of  two  adjacent  arohes.  The  waU  apaee  between  windows,  4o.  A  itmotnr^  duIU 
Mt  into  the  water. 

PUrre-perdue  I  lost  stone :  rmndom  efne^  or  rough  stones  thrown  into  the  water,  and  let  find  their 
own  slope. 

PQaeter;  a  thin  flat  projection  from  the  fbee  of  a  wall,  as  a  kind  of  ornamental  subatltnte  for  a 
eo'.umn. 

i^e-pIaMlss;  planks  driven  like  piles.  ^    ,  ,     ... 

PfUowbloek,  or  plummer-hlodc;  a  kind  of  metal  chair  or  support,  upon  whioh  the  Journals  of  hor 
teonui  shafts  are  generally  made  to  rest,  and  on  whioh  they  revolve. 

Pinion;  a  small  cog- wheel  whioh  gives  motion  to  a  larger  one.  _i.a^^ 

PtnOe !  a  vertleal  prsfeotlng  pin  like  that  ofleu  plaeed  at  the  tops  of  orane-posts,  and  orer  ^VM* 
the  holding  rings  at  the  tops  of  the  wooden  guys  fit.  Also,  such  as  is  used  for  the  hlngea  of  r^^Mn. 
•r  of  window'Shnttera  to  tnm  around. 
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Pitch;  tbetlopeoiftrMr.  *e.  TIm dtoteaoe  frsm  OMMr  (o  o«iit«r«(  Uk*MeUioraeoff.whttl,or 
IkttkrMdtotaaorew.    JMM  Ur.    AlMthedtotaimrtorriTtte.  Ae. 

JHtmani  a oonn»otln«-rod  for  twmimltMnc  moOim  tnm m yrbaut  mowwt  to  m— hinery  u.% m ^Ogfam, 
mored  by  it. 

nt-Mw;  a  torge  mw  vorked  verticaUy  by  two  men.  one  of  vhom  (the  pitman)  aUmdt  in  •  pit. 

Pi9ot ;  the  lower  end  of  a  Tertleel  revolrliif  ihaft,  whether  %  part  of  the  shaft  Jtaeir,  or  attached  to 
It.  It  ahonld  be  flat ;  and  both  it  and  the  ttep  or  sooket  apes  wlilofa  it  reete  should  be  of  hard  eteeL 
"       ""*    '   ^"  tinneosly,  it  is  wen  to  proportion  its  dlam,  ee  a*  not  to 

;  otherwise  it  will  wear  qalokly.    Dost  and  grit  shoaU 

^       -         -    ^  . -,__ast.    PlTota  whioh  revolre  but  eeldoa,  and  slowly,  at 

those  of  a  railroad  tumtaUe.  ma^  be  Irasted  with  half  a  ton,  or  even  a  whole  ten  per  aq  inch.  As  a 
rode  rule,  oast-iron  plrots  shoald  not  be  loaded  with  more  than  half  as  mooh  as  steel  ones.  A  steel 
e«e  may  be  welded  u  the  foot  ef  its  east-iron  shaft;  ormay  be  inserted  part  way  into  it;  and  the 
whole  strengthened  by  iron  bands  shrunk  on. 


If  a  steel  i^rot  has  to  revolve  rapidly  and  oontinneusly,  1 
have  to  sustain  m9f  than  ioO  fts  per  sq  inch ;  otherwis« 
for  the  same  reason  be  carefully  guarded  against.    Pivo< 


PlanUh ;  to  poltoh  metals  by  rubbing  with  a  hard  smooth  tool. 
Plomt;  the  outfit  of  maohinery,  in,  ne 


Inerv,  in,  neoesoary  for  oarrying  on  any  kind  ef  work. 

PUutW'head;  a  small  vertical  strip  of  iron  or  wood  nailed  along  prdeoting  angles  in  rooms,  to 
protect  the  plaster  at  those  parts. 

''(«<^and ;  a  plain,  flat,  wide,  slighUy  prqtecting  strip.  geMtaUy  fSor  omaoMnt.  When  narrow  tt 
Is  e«lBd  a  fillet. 

PUtr*  ;  a  kind  of  pincers. 

Plinth;  thesqoarelowMtm«mberof  thabaseof  aeslamnorplUar. 

H%tg;  a  piece  inserted  to  step  a  hole.    aorMo-plu§,  a  plag  that  Is  screwed  into  a  hole. 

Piumth;  vertioal. 

^ummet,  or  vlwnlk-Ttoh ;  a  weight  at  the  lower  end  of  a  string,  for  testing  verticality. 

Plunger;  a  kind  of  solid  piston,  or  one  without  a  valve. 

IWnt;  a  kind  of  pointed  chisel  for  dressing  stone.  To  put  a  finish  to  masonry  by  tenehiog  np  tha 
••ler  mortar  Joints.    To  dress  stMe  with  a  point  and  mallet. 

Poie-plate ;  a  longitudinal  timber  resting  en  the  ends  of  Ue-b«ams  of  roob ;  and  for  snpportfaii 
the  fbet  of  the  common  or  jack  rafters,  when  sueb  are  used. 

Port ;  the  opening  or  passage  oonttoUed  by  a  valve. 

iViiiM  ;  to  put  on  the  first  coat  of  paint.  Priming  also  is  when  vat»  passes  into  a  steam  cylinder 
along  with  the  steam. 

iVe/ecHois.  If  paraUsI  stral|fct  lines  be  Imagined  to  be  drawn  in  any  one  given  direction,  ftam 
every  point  in  any  surface  «.  whether  flat,  curved,  or  irregular,  then  if  all  these  lines  be  supposed  to 
be  intersected  or  oat  by  a  plane,  either  at  right  angles  to  their  direction,  or  oUiqnely,  the  figure 
which  their  cross.seotion  thus  made  would  form  upon  said  plane,  la  called  the  prqfeetioa  of  the  sar- 
faee  s.  If  such  lines  be  supposed  to  be  drawn  fr*v  a  person's  faoe,  In  a  dirsotion  in  fk-eot  of  him. 
and  to  be  cot  by  a  plane  at  right  angles  to  their  direetien.  their  pni||ectien  on  the  plane  would  be  the 
person's  fVin-fhce  portrait  If  the  lines  be  drawn  sidrnpt^  tram  his  laoe,  the  prqieetion  will  be  his 
proflle.  The  projection  of  a  globe  upon  a  flat  plane,  will  evidently  be  a  circle  if  the  plane  cots  the 
Hnee  at  right  angles ;  and  an  ellipse  if  it  cuts  them  obUqMly.  8ha4ews  east  by  the  sun  are  prqjee* 
lions. 

AMitBa;  earth  well  rammed  Into  a  treneh,4e,  to  provrat  leakinf.  A  proosss  lior  •envwtit  snst 
fRH)  into  wrought  by  a  paddling  fhmace. 

Puff-mfa :  a  mill  for  tempering  day  fbr  bricks  or  pottM7,  kn. 

Aiilsy  ;  a  circular  hoop  which  carries  a  belt  in  maohinery. 

Pt^ppet;  In  machinery,  a  small  short  pedestal  or  stand.    Pitppet-vtive.  Bee  Talves. 

Purtint;  the  horizontal  pleoes  placed  on  rafters,  fbr  snimorting  the  roof  oovering. 

/Wtoj7«,  orjml-Ioelw ;  horlsontal  pleoes  supporting  the  floor  of  a  scaffold ;  one  end  being  taseited 
tato  pNl-Io0  hole*  lef^  for  that  purpose  in  the  masonry. 

diiay;  a  wharf. 

Quoin:  the  hollow  into  which  a  quoin-post  of  a  canal  lock-gate  fits.  Stones,  usually  dressed,  plaoe* 
•long  the  vertioal  angles  of  buildings,  ehieflv  for  ornament. 

Quotn-peM ;  the  vertical  post  on  which  a  iock*gate  turns.    The  heel-post. 

Babbet,  or  rebate ;  a  half  groove  along  the  edge  of  a  board,  Ac.  Bee  16,  p  YSi,  of  Trasses,  whers 
two  rabbets  are  shown  overlapping  each  other. 

JKoee;  the  channel  which  conducts  water  either  to  or  fhnn  a  water-wheel :  the  first  Is  a  head  rai^: 
the  last  a  tall  race.  The  waves  produced  by  the  meeting  of  strong  opposing  enrrenu ;  also,  a  rapid 
iMewav.  or  roo«t. 

S»ek  tutd  pinion ;  the  rack  is  a  straight  row  of  cogs  on  a  bar,  and  called  a  rack -bar ;  and  the  pinisa 
IS  a  small  cog-wheel  working  Ih to  lu 

Badiut  of  gyration.    See  Center  of  gyration. 

Bag-boU.    See  Jag-sptke. 

Bag-wheel,  or  Sprocket-tfheel ;  eoe  with  toeth  or  flm  whieh  «Meh  Into  the  links  of  a  chaia. 

Ramt  the  hammer  of  a  pHe-drfver. 

ftnihdom  ttone  i  rip  rap,  or  rough  stAMS  threwn  promlsonoMly  Into  the  water,  to  form  a  fonnda- 
ttoo.  Ac. 

Ila»p :  a  coarae  file. 

Ratchet  and  pall ;  the  former  Is  sometimes  a  straight  bar,  at  ethers  a  wheel  t  In  either  ease  It  Is 
Nimlshed  with  teeth  between  which  the  pall  drops  and  prevents  backward  SBotion.  Used  for  safbty 
In  helstinc  maehinery.  *e.    The  pall  Is  sometimes  called  a  eliok. 

Beam;  to  enlarge  the  diameter  of  a  hole  by  scraping  away  the  material  forming  Its  eircumfBr« 
•nee. 

Bebate.    See  Rabbet,  above. 

BeciproctU  of  a  number  ia  the  quotient  found  by  dividing  1  by  that 

Reciprocating  motion.    See  Alternating  motion. 
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JU-entering  angU  ;  an  angle  or  corner  projeotlSf  Inward.    8m  BaliettI,  below. 

Mevetment ;  nuxp  facing  of  titone  to  tb«  Btde«  «r  sdiMb  or  parapet  in  Ibrtilleation.  A  retaining^walL 

Sib  ;  tue  curved  pieces  wbich  form  tbe  arubet  of  Iroa  or  woodeu  bridges,  to.  Also,  tbose  to  whiob 
the  outer  plaukiug  of  a  sailing  vessel,  &,o,  are  faeteoed. 

Midge  of  a  roof ;  its  peak,  or  tbe  sbarp  edge  aloug  Its  rery  top.    Hae  rarioos  similar  appUoatlonfl. 

Bidgepole,  ridge-piece,  or  ridge-plate ;  Lbe  highest  horixoatal  tiaber  In  a  roof,  ezteiMUng  from  top 
to  top  of  tbe  several  pairs  of  rafters  of  tbe  iruaseo;  for  sopporting  tbe  b«ads  of  tbe Jaok-rafters. 

Bight  and  left ;  a  lock  which  in  its  pru))er  poeitioa  suite  one  flap  of  a  pair  of  folding  doors,  win 
not  ault  if  fastened  to  the  other  flap  ;  nor  even  to  tbe  same  tmp  If  required  to  open  to  tbe  right  in- 
stead of  to  the  left,  or  vice  versa,  according  to  whether  4t  is  •  right  or  a  left-hand  loek.  And  so  with 
mao;-  ot'k.er  things,  as,  for  Instance,  certain  arrangements  for  working  railwaj  swltebes,-Ae.  Bight 
and  left  boots  and  shoes  are  a  familiar  illustration ;  also,  right  and  left  serews.  Therefore,  In  order- 
ing  several  of  anything,  It  is  necessarv  to  consider  whether  the/  maj  all  be  of  the  same  pattern,  or 
whether  some  musi  be  rlgbt'hand,  and  others  left-hand  ones. 

Bight  8 bore  of  a  river ;  that  which  is  on  the  right  hand  when  deeeending  the  river. 

Bightaolid  body ;  one  which  has  its  axis  at  right  angles  to  lU  bnse;  when  not  so,  it  i*  tMftf, 

Bing-balt ;  a  bolt  with  an  eje  and  a  ring  at  one  end. 

Bip-rap.    See  Random  atone. 

Boad*tead ;  anchorage  at  some  distance  from  shore. 

Rock-thaft ;  a  shaft  which  only  rocks  or  makes  part  of  a  rsTolatlon  eaeh  way,  instead  of  revolTlng 
CDtirelj  around. 

Bodcworkj  squared  masanrf  In  which  the  faoe  is  left  roogh  to  glTe  a  mstle  appemranoe. 

Bubble ;  masonry  of  rough ,  undressed  stones.  Soabbled  rubble  has  only  the  rooghest  irregnlarltlet 
knocked  off  by  &  hammer.  Banged  rabble  has  the  stones  iu  eaob  course  rudely  dreseed  to  nearly  a 
aniform  height. 

BunMe,  or  round ;  the  step  of  a  ladder. 

Bwtic  ;  much  the  same  as  rockwork. 

Saddle;  the  rollers  and  Hxtures  on  top  of  the  piers  of  a  sospenslon  bridge,  to  aooemmodate  ex« 
pansiou  and  oontraction  of  the  cables.  The  top  [deoe  of  a  stone  eor^ee  of  a  pediment.  Has  inaay 
other  applications. 

Sag  ;  to  bend  downward. 

Sedient ;  projecting  outward.    See  Re-entertng,  nbere. 

Sandhag ;  a  bag  filled  with  sand  for  stopping  Teaks. 

5'.''     -  ^-i  tiff  the  rougher  projection*  of  stones  for  nibble  auMOBry,  with  a  stone-axe,  of 

SOaM 

^>i^ ,  ,  .iai;  oc^pth  and  breadth  of  pieces  of  timber;  thns  we  say,  s  scantling  of  6  by  10  ins,  kc 

Scarf  f  tbe  uniting  of  two  pieces  by  a  long  Joint,  aided  by  bolts,  Ito. 


Sharp  f  a  steep  slope.    To  rortlBcation  tbe  inner  slope  of  a  dlteh. 
3eottat  "  


3eotia  t  e  reoedlng  moulding  oonslsting  of  a  semi-oirele  or  semi-ellipse,  or  similar  figure. 

8er*«d»  ;  long  narrow  strips  of  plaster  put  on  horixoDtally  along  a  wall,  and  carefully  fkeed  oat  of 
wind,  to  serre  as  guides  for  afterward  plastering  tbe  wide  Intervals  between  them. 

8er«t-Mt»  a  bolt  with  a  screw  cut  on  one  end  of  it^ 

Bertm-jaek.    See  Jack. 

JneiM  iwtimih.    See  wreoeh. 

aeriifi  to  trim  off  the  edge  of  a  board,  *e,  eo  as  to  make  it  fit  closely  at  all  points,  to  an  Irregnkr 
sorfaos.  The  lower  edges  of  an  open  caisson  are  scribed  to  fit  the  irregularities  of  a  rocky  river  bottom. 

SeroU :  an  ornamental  form  consisting  of  volutes  or  spirals  arranged  somewhat  in  tbe  shape  of  8. 

»eupp»r  noils  ;  nails  with  broad  heads  for  nalUng  down  canvas,  ia. 

aevippvn ;  on  shipboard,  holes  for  allowing  water  to  flow  off  from  the  deck  into  tbe  sea. 

Scuttle  f  a  small  hatchway.    To  make  holes  in  a  vessel  to  oaose  sinking. 

Sea-wcM;  a  wall  built  to  prevent  encroachment  of  the  sea. 

Secret  naUing  {  so  nailing  down  a  floor  by  nallB  along  tbe  edges  of  the  boards,  that  the  nall-headf 
to  not  show. 

5sr«e ;  to  wrap  twine  or  yam,  Ao,  closely  ronnd  a  rope  to  keep  it  fkvm  rubbing. 

Set-terew,  or  tlglUeninn'$or«w ;  a  screw  for  merely  pressing  one  thing  tightly  against  another  at 
will ;  suoh  as  thai  whioh  eonflnes  the  movable  1^  or  a  pair  of  dividers  in  its  socket. 

ShacUe,  or  elsvis;  a  link  In  a  chain  shaped  like  a  U,  and  so  arranged  that  by  drawing  ont  a  boll 
or  pin,  which  fits  into  two  holes  at  the  ends  of  the  U,  the  ehain  can  be  separated  at  that  point. 

Shaft ;  a  vertical  pit  like  a  well.    The  body  of  a  oolnrnv.    A  large  axle. 

Shank!  the  body  of  a  bolt  exclusive  of  its  bead.  Tbe  long  straight  part  of  many  things,  as  of  aa 
Miehor,  a  key.  ito. 

Sheare,  or  sAsers;  two  tall  timbers  or  poles,  with  their  feet  some  distanoe  apart,  and  their  tops 
festened  together;  and  supporting  hoisting  tackle. 

Sheave;  a  wheel  or  round  block  with  a  groove  around  its  ciroumference  for  guiding  a  rope. 

Sheetktg,  or  sAeolMn^f  covering  a  snrfeoe  with  boards,  sheet  iron,  felt,  4(c. 

Shingle  ;  tbe  pebbles  on  a  seashore. 

Shoee;  certain  flttiage  at  tho  ends  of  pieoee ;  as  the  pointed  Iren  ehoee  for  piles.  The  wall  shoea 
Into  which  the  lower  enda  of  iron  rafters  generally  fit,  «e. 

Shore;  a  prop. 

Shot ;  the  edge  of  a  board  is  said  to  be  shot  when  It  Is  planed  perfboCly  straight 

Shrink.  When  an  iren  hoop  or  band  le  first  heated,  and  then  at  onee  placed  upon  the  body  whieh 
U  is  intended  to  surround,  it  shrinks  or  oontraets  as  it  oools,  and  therefore  clasps  the  body  more  firmly. 
This  Is  oalled  ehrUtktng  on  ths  hoop. 

Shuttle  ;  a  small  gate  for  admitting  water  to  a  water-wheel,  or  out  of  a  canal  look,  ke. 

Siding ;  a  short  pieoe  of  railroad  track,  parallel  to  the  main  one,  to  servo  as  a  paasinff-plaoo. 

SUt ;  soft  fine  mud  depoeited  by  rivers,  ke. 

^hon  culvert;  a  culvert  built  in  shape  of  a  U.  for  carrying  a  stream  under  an  obstacle,  and  allow, 
ing  It  afterward  to  rise  again  to  iU  natural  level.  Tbe  term  is  improper,  inasmuch  as  the  prinoiplo 
of  the  siphon  Is  not  involved. 

Skewbaek;  the  inclined  stone  from  which  an  areh  springs. 

Skids ;  vertical  fenders,  on  a  ship's  sides.    Two  parallel  timbnv  for  rolling  things  npoA. 

Skirting;  narrow  boards  nailed  along  a  wall,  as  tbe  washboards  in  dwellings. 

Sledge;  a  heavy  hammer. 

Sleeper;  any  lower  or  foundation  pieoe  In  contact  with  tho ground. 

MUeve;  a  hollow  cylinder  slid  over  two  piecee  to  hold  them  together. 


Digitized  by 


Google 


GLOflSABY  OF  TKKMS.  1085 

Sltd^-ham.  or  $IUm;  ten  for  SDythlog  to  alido  alottgt  m  ttMMt  for  Um  eroM-bood*  of  pUton-rods, 
Mo.    Often  called  coidoa. 

SUnga  ;  pieoea  of  rope  or  otaain  to  be  put  around  •tooea,  ko,  for  ralaing  them  bj. 

A(4> ;  tbe  sUdiag  down  of  the  aide*  of  •artk-Mtta  or  banlu.  ▲  long  narrow  water  apace  or  dock 
between  two  wharf  piera. 

<Sb>p«>iMriI;  a  wall,  generally  thin  and  of  rabMe  ateoe,  need  to  preaerve  alopea  from  tbe  aotion  of 
water  In  tbe  banka  of  eanala.  rirera,  reaerroira,  fto ;  or  fhnn  tbe  aotion  of  rain. 

aUtt;  a  long  narrow  bole  oat  tbrougb  aajtblng. 

Sbtie*:  a  water-ebanael  of  wood,  aaaonry,  Ao;  or  a  mere  treneh.  Tbe  fiUiw  la  uaoaUy  regulated 
hj  a  sluloe-gaia. 

amok6-boxt  In  locomotlTea,  tbat  apaoe  in  front  of  tbe  boiler,  tbroogb  wbicb  tbe  amoke  paaaea  to 
tbe  ebimncT. 

anag  {  a  lug  with  a  bole  tbrougb  it.  for  a  bolt. 

aocktt ;  a  earitj  made  in  one  pieoe  for  reoelying  a  prqJeotioB  firom,  w  tbe  end  of«  another  pieoe ;  aa 
tbat  into  whioh  the  morable  leg  of  a  pair  of  dlTidera  flta. 

ScMt}  tbe  lower  or  nnderaeatb  aurfaee  of  an  arob.  eomiee.  window,  or  door-opening,  Ac. 

BeltUri  a  oompound  of  diftrent  metala,  wbiob  when  melted  ia  uaed  for  uniting  pieoea  of  mrtal  alao 
boated.  Soft  aolder  ia  a  eomtwnndof  lead  and  Un,  and  ia  uaed  for  uniting  .lead  or  tin.  There  are 
Tarioua  hard  aoldera,  asob  aa  apeiter  aolder,  eompoaed  of  oopper  and  lino,  for  uniting  ii«n,  eopper.  or 
braaa. 

jSMa ;  that  lining  around  a  water-wheel  wbiob  forma  the  bottoma  of  the  boeketa. 

Spandrel ;  tbe  apaoe.  or  the  maaonrr,  ko,  between  the  back  or  extradoa  of  an  arob  and  tbe  roadwaj. 

^num^rf  a  kind  of  wreneb,  eeaaiedng  of  a  handAe  or  lever  with  a  aqnare  eye  at  one  end  of  it ;  muob 
wed  Cor  tigbteoteg  Wf  tbe  mmta  upea  aerew*bolta,  Ae.  Tbe  eye  ftta  over  or  aurronnda  tbe  nut. 

apor:  a  beam ;  but  gOMrally  applied  to  ronnd  pieoee  Uke  maata,  Ao. 
r;  line. 

;  the  pin  or  atopper  of  a  faucet.    The  amaller  end  of  a  eommon  eaat-lren  water  or  gaa  pipe. 
$ ;  a  thin  delicate  abaft  or  axle. 
.    yi  to  widen  er  flare,  like  tbe  Jamba  of  a  oemmen  Sreplaw,  or  tboie  of  many  windowa ;  or  like 
Ibe  wing- walla  of  meet  onlrerta. 

SpUet;  to^ialte  two  pieoea  Irmly  together. 


An 
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'tingtr:  the  loweat  atone  of  an  areh. 
>reelM-«vb«el,  or  r 


t-ivbeel,  or  ntg-wkeH ;  one  with  teetb  or  pina  which  eatob  In  tbe  Unka  of  a  obain. 

/fyur-whtal  ;,a  oommoo  eog-wheel.  In  wbieh  tbe  teetb  radiate  from  aoommon  een,  like  thoeeof  a  apur. 

8m$af;  in  roofing ;  100  aqoare  faet. 

aquan-kead;  a  aqoare  termination  like  that  upon  wbiob  a  wateb-k«y  flta  fbr  winding;  or  tbat 
upon  wbiob  tbe  eye  m  tbe  handle  of  a  oommon  grindatone  flta  for  toming  it,  Ac. 

Staging ;  the  temporary  flooring  of  a  aoaffold,  platform,  Ao. 

SUmekton  ;  a  rertieal  prop  or  atrnt. 

Standing'bolt,  or  ttttd'holt ;  a  bolt  with  a  aorew  cut  upon  eaob  end ;  one  end  to  be  acrewed  perma* 
nently  into  aometbing,  and  tbe  other  end  to  bold  by  aMnna  of  a  nat  iweUiing  claa  tbat  may  be  r» 
quired  to  be  remoTod  at  times. 

Staple;  a  kind  of  double  pin  te  obape  of  a  U{  Ite  two  abarp  potata  are  drtren  Into  tlmbw,  aad 
eurred  part  ia  left  prndeeting.  to  reoeire  a  hoop,  pin.  or  heap,  Ae. 

Starlinga ;  the  projecting  op  and  down-atream  ends  or  entwatera  of  a  bridge  pier. 

Stay;  variously  applied  to  propa,  atmta.  and  tiee.  for  ataying  anything  or  keeping  it  in  place. 

Stay'hoU* ;  long  bona  plaoed  aoroaa  the  inaide  of  a  boiler,  Ac,  to  give  it  greater  atrength. 

Steant'Chut;  tbe  iron  box  in  loeomotive  enginea  and  otbera,  through  wbiob  tbe  steam  ia  admitted 
to  the  oylindera. 

Steam-pip* :  tbe  one  wbleh  leada  ateam  from  a  boiler  to  the  ateam-oheat. 

Step  ;  a  cavity  in  a  pieoe  for  reaeiving  tbe  pivot  of  an  upright  shaft ;  or  the  end  of  any  upright  pieee. 

StUee  ;  tbe  flat  Tortloal  pieoea  between  and  at  tbe  aidea  of  the  panels  in  doors.  Ao. 

Stock;  the  eye  with  handlea  for  turning  it.  In  whioh  the  dlea  for  the  cutting  of  screwa  are  held. 

^ov9'Up,  or  alooed.  or  vpeet;  when  a  rod  of  iron  ia  heated  at  one  end,  and  then  hammered  end- 
wlae  ao  that  tbat  part  beoomea  of  greater  diameter  or  atouter  than  tbe  remainder.  The  heads  of  bolts 
are  frequently  made  In  one  pieee  with  tbe  shank  in  this  way ;  and  the  screw  ends  of  long  screw.rods 
are  often  upset,  ao  that  tbe  oottiog  of  tbe  threada  of  tbe  aere'w  may  not  reduoe  the  strength  of  the  bar. 

Straxf ;  a  long  thin  narrow  pieoe  of  metal  bolted  to  two  bodies  to  bold  them  together.  A  strap- 
hinge  is  a  strap  faatened  to  a  abutter,  Ao,  and  baring  an  eye  or  a  pin  at  one  end  for  fitting  it  to  the 
Other  part  of  the  binge  whioh  Is  attached  to  the  wall. 

Stratum ;  a  layer,  ot  bed;  as  tbe  natural  odea  in  roek;^,  Ao. 

Streteher;  a  brick,  or  a  block  of  maaonry  laid  lengtkwiee  of  a  wall.  A  frame  for  atretebing  any 
thing  upon. 

5(r«<eAer-eoiirse  ;  a  oonrae  of  maaonry  all  of  atretohera,  without  any  headers. 

Strike;  an  imacinary  horitonul  line  drawn  upon  the  Inclined  face  or  a  stratum  of  rooka.  Thoa, 
If  the  slates  or  abinglea  on  a  roof  represent  inclined  strata  of  rocks,  then  either  the  ridge  or  the  eaves 
of  tbe  roof,  or  anv  borisnutal  Hoe  between  them,  will  represent  their  strike.  The  inclination  ia 
ealled  the  dtp  of  the  atrata ;  and  the  strike  la  alwaya  at  right  angles  to  it  by  oompaaa. 

String  ;  varloualy  applied  to  longitudlual  pieces. 

String-hoard;  the  boarding  (often  ornamented)  at  tbe  outer  ends  of  atepa  in  atairoaaea.  It  liidea 
the  horaet,  aa  the  Inclined  timbers  which  carry  the  steps  are  called. 

String-cottrte ;  a  long  boriaontal  oourae  of  briok  or  maaonry  projecting  a  little  beyond  the  otbera; 
■od  often  introdooed  for  ornament. 

atringeri  any  longitudinal  timber  or  beam,  A*. 
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'  Stntt ;  %  prop.    A  piece  that  auwtaM  oompr<wIon,  whether  Tertiosl  or  IttollaeA. 

atrut'H;  or  tie-*trut ;  a  piece  adapted  to  saitain  both  tension  and  compreMioo. 

atui>-«nd;  a  blunt  end. 

Stud;  a  short  stout  projeottng  pin.    A  prop.    The  Tertlcal  pieees  la  a  stod  partidea. 

Stud-hoU.    See  Sundlng-bolt. 

Stujflng-box;  a  small  boxing  on  the  end  of  a  steam  eylinder,  and  surronnding  the  piston*rod  likl 
a  oollar ;  or  in  other  piosltions  where  a  rod  Is  required  to  more  backward  and  forward,  or  to  reTolre, 
In  an  opening  through  anj  kind  of  partition,  without  allowing  the  escape  of  steam,  air.  or  water,  &o, 
as  the  caM  may  be.  The  box  is  Dlled  with  greased  hemp  or  other  packing,  which  is  kept  pressed  eloss 
around  the  moving-  rod  hj  means  of  a  top-piece  or  kind  of  cover  called  the  glcMd,  which  may  be 
nrewed  down  more  or  less  tightly  iipon  it  at  pleasvre.    The  rod  passes  through  the  gland  also. 

aymtpt,  or  ntmp  ;  a  draining  well  into  which  rain  or  other  water  may  be  led  by  little  dltobea  firom 
ilflbrent  parts  of  a  work  to  which  it  would  do  injury. 

Surb(ue ;  the  inside  horitototal  mbaldlngs  Jnst  under  a  wlndow-siU.  Also  those  aronnd  the  top  of  a 
pedestal,  or  of  wainsootiofl;,  ko. 

Swage,  or  twedge ;  a  kind  of  hammer,  on  the  face  of  which  is  a  ■emi-^Iindrieal.  or  other  shaped 
groore  or  indentation ;  and  which,  being  held  upon  a  piece  of  hot  Iron  and  straok  by  a  haary  hammei^ 
leaves  the  Hhape  of  the  indentation  upon  the  iron. 

SitUeh ;  the  movable  tongue  or  rail  by  which  a  train  is  directed  from  one  track  to  another. 

Swivel*;  devices  for  permitting  one  piece  to  torn  readily  in  various  directions  upon  another,  with* 
oat  danger  of  entanglement  or  separation. 

SftuHnal  axtt;  in  geology,  a  valley  axis,  or  one  toward  which  the  strata  ot  rocks  slope  downward 
fh>m  opposite  directions.    The  line  of^  the  gutter  In  a  ralley  roof  aav  represent  such  an  axis. 

T» :  pieces  of  metal  in  that  shape,  wheuer  to  serve  aa  ctraps,  or  for  other  purposes.  So  also  with 
L's.  S's,  W's,  -|-'s.  fte.    See  flga  to  Welded  Iron  Tubes. 

TmeMe;  a  eombinattoQ  of  ropes  and  pnlleys. 

r«Zu« ;  the  same  as  batter. 

Tump:  to  till  np  with  sand  or  earth,  Ao,  tfa*  reoialttdar  of  the  hole  in  which  the  powder  has  been 
poured  for  blasting  rock.     To  compact  earth  generally,  as  under  orose-tiea,  Ac* 

Tap ;  a  kind  of  screw  made  of  hard  steel,  and  having  a  square  head  whioh  nuiy  l^e  grasped  by  a 
wrench  for  turning  it  around,  and  thus  forcing  it  through  a  hole  around  the  Inside  of  wlueh  it  cuts  an 
Interior  screw.    To  strike  with  moderate  fbree.    To  make  an  opening  in  the  side  of  any  ressel. 

Tappet;  a  pin  or  short  arm  proifeetlng  fTom  a  revolving  shaft;  or  from  an  alternating  bar,  and  in* 
tended  to  come  Into  contact  with,  or  tap,  something  at  each  revolution  or  stroke. 

Teeth ;  or  oogs  of  wheels. 

Temper ;  to  change  the  hardness  of  metals  by  first  heating,  and  then  plunging  them  inta  water,  oil, 
Ac.    To  mix  morUr.  or  to  prepare  clay  for  bricks,  to. 

Templet:  the  outline  of  a  moulding  or  other  article,  cut  oat  of  sheet  metal  or  thin  wood,  to  serT* 
M  a  pattern  fbr  stonecutters,  carpenters,  4e. 

Temon ;  a  projecting  tongue  fitting  into  a  oorrei ponding  eavi^  called  a  mortise. 

Terra  eotta;  baked  clay.    Brick  is  a  coarse  kind. 

Thimble ;  an  Iron  ring  with  its  outer  faoe  curved  Into  a  oontinnons  groove.  A  rope  l>elng  doubled 
■round  this  and  tied,  the  thimble  acts  as  an  eye  for  It,  and  prevents  that  part  of  the  rope  fh>m  wear. 
Ing.   Also,  a  short  piece  of  tul>e  slid  over  another  piece,  or  over  a  rod,  Ac,  to  strengthen  a  Joint,  fto. 

Thread ;  the  continuous  spiral  projection  or  worm  of  a  screw. 

Threiugh-etone ;  a  stone  that  extends  entirely  through  a  wall. 

Throw ;  the  radius,  or  distanoe  to  whioh  a  crank  "  throws  out "  Its  arm.  Applies  in  the  same  way 
fo  lathes.  Some  nee  It  to  express  the  diameter  instead  of  the  radios.  To  avoid  mistakes,  the  ternif 
** single "  and  "doable"  throw  might  be  used. 

Tie  ;  any  piece  that  sustains  tension  or  pan. 

Ttt-ttnit  I  a  piece  adapted  to  sustain  either  tenskm  or  eompressloa. 

Ttghtning-eerew.    See  Set-screw. 

Tire :  the  iron  ring  placed  aronnd  the  outer  efronmfprence  of  the  felloe  of  a  wheel. 

Tongtte;  a  long  slightly  projecting  strip  to  be  Inserted  Into  a  eorreeponding  groove,  as  In  « 
and  grooved  floors. 

Tboling ;  dressing  stone  by  means  of  a  tool  and  mallet;  the  tool  being  a  chisel  with  a  eutting  e^ge 
•f  I  to  2  inches  wide.    Tooling  is  generally  done  In  parallel  otripes  across  the  stone. 

Torue;  a  projecting  Mml-cirealar,  or  iemi-elllptio  moulding;  often  osed  in  the  bases  of  eolofllttk 
It  is  the  reverse  of  a  sootia. 

TraUing-wheele ;  in  a  looomotive,  those  sometimes  'plaeed  behind  the  driving-wheels. 

Trmhuf  a  number  of  cog-wheels  working  Into  eaeh  other. 
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Transom ;  a  beam  aorou  the  opening  for  a  door,  Ac.  Alio,  n  horizontal  piece  dividing  a  blgh 
window  into  two  itoriea,  4c,  Ac.    Also,  an  opealng  above  a  deor,  for  veniilaiion  or  light. 

Trt^dj  the  horisontal  part  of  a  atep. 

Tr*adUi  a  kind  of  foot-lever,  tor  taming  a  lathe,  grindstone,  Ac,  by  the  fool. 

Treenail;  a  long  wooden  pin. 

IWrnmer;  a  short  oross-timbw  framed  into  two  joists  so  as  to  sustain  the  ends  of  intermediate 
)olats,  to  prevent  the  latter  from  entering  a  cbimQej-flue.  or  interfering  with  a  window,  Ac 

THp'hamtmur,  or  tUt-hammer ;  a  large  hammer  worked  by  oamb  machinery,  and  osed  for  heavy 
Iron  work,  esneoiaUj  for  hftmmering  irregular  masses  into  the  shape  of  bars.  Ac. 

Trvck;  a  nnd  of  small  wagon  consisting  of  a  platform  pn  two  or  more  low  wheels.  Alao,  those 
firames  and  wheels  usually  placed  nnder  railroad  oars  and  engines,  and  which,  by  means  of  a  pintle 
QOnnecting  the  two,  allow  them  to  vibrate  or  move  laterally  to  some  extent  independently  of  each  other. 

TrundU,  lartiem'Miheel,  or  wallotDtr;  used  instead  of  a  oog*wbeel,  and  consisting  of  two  parallel 
•iioular  pieces  some  distance  apart,  and  united  by  a  central  axis,  and  by  cylindrical  rods  placed 
aroand  and  parallel  to  the  axir,  to  serve  instead  of  cogs  or  teeth. 

Tnmk  :  a  long  wooden  boxing  fbrming  a  water  ohaanel. 

IVufmtofu ;  cylindrical  projections,  as  at  the  sides  of  a  cannon,  forming  as  It  were  an  interrupted 
axle  or  shaft  for  supptwtinfl  the  cannon  on  its  oarriafle ;  and  aUowiag  it  to  revolve  vertically  throagh 


Tumbler;  a  kind  of  apring  catch,  which  at  the  proper  moment  falls  or  tumbles  into  a  notch  or 
k<d«  pr^kued  for  it  in  a  piece  ;thuc  holding  the  piece  in  position  ontil  the  Uimbtorii  lifted  o«(  of  the 

Tumhlinghai :  see  "  waste- weir.** 

lS«mUi>«f-«*esn(;  in  leeometfvea,  a thaft  ns«d  ia  the  •« link  modco.'* 

IWntaUs ;  the  well-known  arrangement  for  twalBf  loMiMtlTM  al  raat. 

Mndtrmirm;  to  excavate  beneath  anything. 

Underpin;  to  add  to  the  height  of  a  wall  already  oonstmcted,  by  excavating  and  building  beneath 
It    Also,  to  Introduce  additional  suppori  of  any  kind  beneath  anything  already  oompleted. 

OMstf.    SeeStove-up. 

Fofoes;  various  devices  for  permitting  or  stoM>iag  at  pleasnre  the  flow  of  water,  steam,  gaa,  Ac. 
A  SAPBTT  VALva  is  onc  so  balanoed  as  to  open  of  itself  when  the  pressure  beoomes  too  great  for 
safety.  A  aunn  va^vs  is  one  that  alidee  backward  and  fhrward  over  the  opening  through  which  the 
flow  ukes  plaoe.  A  ball  valvb.  or  apherioal  valve,  is  a  ^»here,  which  in  any  position  fits  the  open- 
ing. When  the  pressure  below  it  raises  it  off  Arom  its  seat,  it  is  prevented  ft-om  rolling  away  by 
*«eans  of  a  kind  of  open  caging  which  snrroonda  it.  A  ooncAL  or  poppsv  valvs  is  a  horisontal  slice 
of  a  cone,  wbiob  fits  Into  a  correspoAding  conioal  seat  made  in  the  opening.  In  rising  and  falling  it 
la  kept  in  position  by  a  vertical  valve-stem  or  spindle,  which  passes  through  its  center,  and  which 
plays  through  guide- holes  in  bridge.pleoes  placed  above  and  below  the  valve.  A  trap,  clack,  plap. 
or  DOOB  VALVB,  is  a  plate  with  hinges  like  a  door.  When  two  such  valves  are  nsed,  with  their  hinged 
edges  adjacent  to  each  other,  so  that  in  opening  and  shutting  th^  flap  like  the  wings  of  a  butterfly, 
they  constitute  a  butterfly  valve.  A  trbottlb  valvb  is  one  which  when  closed  forms  a  partition 
across  a  pipe:  and  opens  by  partially  revolving  upon  an  axis  placed  along  its  diameter.  A  botabt 
TALTB  works  like  a  common  stopcock.  A  sniptdto  valtb  is  one  which  lets  out  steam  nnder  water ;  and 
la  so  called  from  the  snifting  noise  thereby  produced.  The  pokt  valvb  is  the  sliding  one  which  ad- 
mits steam  from  the  steam-chest  into  the  cylinders.  A  doublb  bbat,  or  doublb-bbat  valvb  Is  a  pe- 
collar  one  with  two  seats,  one  above  the  other ;  and  so  arranged  that  the  pressure  of  steam  or  water 
against  it  when  shut,  does  not  oppose  its  being  opened.  A  ctrp  valvb  is  In  shape  of  an  inverted 
eyilndrical  cap,  with  a  length  somewhat  greater  than  its  diameter.  Its  lower  or  open  edge  is  ground 
to  fit  the  seat  over  which  it  resu.  As  this  cup  risea  and  falls,  it  Is  kept  In  place  by  a  cylindrical 
caging  closed  at  top,  and  having  for  Its  aides  four  or  more  vertical  pieces,  against  the  inner  sides  of 
which  the  sides  of  the  cup  play.  A  chbok  valvb  is  any  kind  so  placed  as  to  check  or  prevent  the 
return  of  the  fluid  after  its  passage  through  the  valve  Into  the  pipe  or  vessel  beyond  it. 

VatUt ;  an  arch  long  in  comparison  with  its  span.    The  space  covered  "by  such  an  arch. 

Veneer;  a  very  thin  sheet  of  ornamental  wocmI  glned  over  a  more  common  variety. 

Wainecot ;  a  wooden  facing  to  walls  in  rooms,  Instead  of  plaster,  or  over  a  facing  of  plaster ;  nsually 
»ot  more  than  3  or  4  feet  high  above  the  floor. 

Watee ;  long  longitudinal  timbers  In  the  sides  of  a  ship,  eofltsr-dam.  caisson,  Ac. 

Wallow;  a  water-wheel,  Ac,  is  said  to  wallow  when  it  does  not  revolve  evenly  on  its  journals. 

WaUower,    See  Trundle. 

Wall-plate,  or  raieing-plate  ;  a  timber  laid  along  the  tops  of  walls  for  the  roof  trusses  or  rafters  to 
rest  on,  so  as  to  distribute  their  weight  more  eqaiQly  upon  the  wall. 

Warped;  twisted,  as  a  board,  or  the  face  of  a  stone,  Ac,  which  is  not  perfectly  flat.  To  warp;  to 
h»al  a  vessel  ahead  by  means  of  an  anchor  dropped  some  disUnoa  ahead.  To  flood  an  extent  of 
groand  with  water  for  a  short  time  to  increase  its  fertility. 

Waehboard* ;  boards  nailed  around  the  walls  of  rooms  at  the  flooK  so  as  to  prevent  Injury  to  the 
plaster  when  washing  the  floors. 

Waekere ;  broad  pieces  of  metal  surrounding  a  bolt  and  placed  between  the  faces  of  the  timber 
through  which  the  bolt  passes,  and  the  head  and  nut  of  the  bolt,  so  as  to  distribute  the  pressure  over 
a  larger  surface,  and  prevent  the  timber  from  being  crushed  when  the  bolt  is  tightly  screwed  up. 

Waeu-weir;  an  overfall  provided  along  a  canal,  Ac.  at  which  the  water  may  discbarge  itself  lo 
ease  of  becoming  too  high  by  rain,  Ac.    Sometimes  called  a  tumbling-bay. 

Wateh-tacUe ;  ropes  running  in  diflterent  directions  from  a  boat,  and  naad  la  bringing  it  Into  • 
Aaalred  poaltion. 
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W»ather-bo€irda ;  boards  used  inatead  of  bricks  or  masonrr  for  the  ootaldes  of  a  bailding,  or  bridge. 
Mo.  Thej  are  nailed  to  rertical  and  tndined  indoor  timbeni ;  and  may  be  either  Tertioal  or  bor. 
When  hor,  ther  are  so  plaoed  that  the  lower  edge  of  one  orerlaps  the  apper  edge  of  the  one  below. 
When  vert,  their  edgee  should  be  tongoed  and  groored ;  and  narrow  sltps  be  nailed  orer  the  rert  joints, 
to  keep  out  rain,  ko. 

Weir,  or  wter;  a  dam,  or  an  orerflall. 

Wsld :  to  join  two  pieoee  of  metal  together  hj  lint  softening  them  bj  beat,  and  then  hammering 
them  in  oontaet  with  eaob  other.    In  this  operation  fluxes  are  need. 

Wtttf  see  "  butt-joint." 

Wkatf;  a  lerel  spaoe  upon  which  TMseli  lying  along  its  sides  oan  dlMhaif*  their  eargoes ;  or  tiom 
whioh  they  oan  reoeire  them. 

Whe0l-ba»» ;  the  distaaee  tnm  eenter  to  center  f^om  the  extreme  front  wheel*,  to  the  extreme  hint 
ones  in  a  looomotive,  ear,  fte. 

Wtek«t ;  a  small  door  or  gate  made  in  a  larger  one ;  an  the  shuttle  or  Talve  in  a  lock'gate,  for  letting 
ent  the  water. 

Wineh ;  a  handle  bent  at  right  angles,  and  used  for  turning  an  axis ;  that  of  a  common  grindstone. 

Wind.    See  Out  of  wind. 

Windert;  those  steps  (often  triangular)  in  a  staircase  bj  which  we  wind,  or  turn  angles. 

mndioM ;  the  wheel  and  axle,  or  winch  and  drum,  as  often  used  In  common  weHa.  Alee,  a  hoffl> 
MBtal  shaft  on  shipboard,  by  which  the  anchor  is  raised ;  the  windlass  being  revolTed  by  means  of 


WUng-dami  a  pnOection  carried  ent  pari  way  aeroea  a  shallow  stream,  so  as  to  force  all  the  water 
to  flow  deeper  through  the  channel  thus  contracted. 

WkMM ;  applied  in  many  ways  to  pnijeotions.  The  flanges  which  radiate  out  from  a  gudgeon ;  and 
by  which  it  is  fastened  to  the  shaft.  Small  bnllAngs  prqfecting  ttwai  a  main  one.  The  wings  or 
flaring  wing-walls  of  a  culvert  or  bridge. 

WUtg-milU;  the  reuining- walls  which  flare  out  fkx>m  the  ends  of  bridges,  cuWerts,  Ac 

Wif>er.    See  Camb. 

fTorUn^-fream,  or  vBcHMng-heam  ;  a  beam  ribrating  Tcrtically  on  a  rock-shaft  at  its  center,  as  seeb 
In  some  steam-engines ;  one  end  of  it  baring  a  connection  with  the  piston-rod ;  and  the  other  end  with 
a  crank,  or  with  a  pnmp>rod,  Ac. 

Worm;  the  so-called  endless  screw,  which  by  rerolring  without  adrancing  girea  motion  to  aoog* 
wheel  (worm-wheel),  the  teeth  of  which  catch  In  the  thread  of  the  screw. 

Wrtneh ;  a  long  handle  baring  at  one  end  an  eye  or  jaw  which  may  catch  hold  of  anything  to  ba 
Iwisted  or  turned  around,  as  a  screw-nut,  Ac  When  it  baa  a  Jaw  which  by  means  or  a  aarew  to 
aiapUble  to  nuu,  Ac,  of  dUbrant  slae*.  it  la  a  monkey-wrtnch,  ar  aerew-wrwMh. 
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In  the  alphabetical  arrangement, 
m^  «B  »uu,  uoowvTou,"  "in,"  *'on,"  "through."  etc.,  are 
See  also  Glossary,  pp.  1025,  etc.,  and  Table  of  Contents,  pp. 


The  numbers    refer  to  the  pair®*- 
minor  words,  as  "and,"  *< between,' 

XXV,  etc 


Abacus— Amortlxatloii. 


Abacus,  defined,  1025. 
Abrasion 

of  cements,  937. 

by  streams,  577,  582. 
Abscissa,  defined,  1025. 
Absorbent  bodies, 

specific  gravity  of — .  211. 
Absorbents  for  nitro-glycerine,  949, 

951. 
Absorption 

t)y  bricks,  927. 

by  earth,  etc.,  329. 
Abutment,  Abutments, 

of  arch,  617. 

batter,  619. 

courses  in  — ,  inclination  of — ,  620. 

of  dams,  645. 

foundations  for — ,  682. 

masonry,  623. 

piers,  619. 

to  proportion — ,   617,  618. 
Accelerated  tests  for  cements,  941. 
Acceleration,  334. 

of  gravity,  335,  336,  348,  350,  539. 
equivalents  of — ,  250. 

on  inclined  planes,  349. 

units  of — ,  conversion  of — .  250. 
Acid  fumes,  eflfect  of —  on  roofs,  970. 
Acre,  Acres, 

area  of — ,  222. 

equivalents  of — ,  233. 

-foot,  equivalents  of — ,  235. 

required  for  railroads,  254. 
Action, 

line  of—,  359. 

and  reaction,  333. 
Addition  of  fractions,  36. 
Adhesion 

of  cement,  934. 

of  glue,  922,  1030. 

of  locomotives,  413,  860. 

of  mortar,  926. 

of  nails  and  spikes,  818. 
Adit,  defined,  1025. 
Adjustable  counters,  721. 


Adjustment.     See  the  several  in^ 

struments. 
Adjutages,  flow  through — ,  540. 
Admiralty  knot,  220. 
Age,  effect  of —  on  cements,  932. 
Agonic  line,  301. 
Air.  320. 

buojrancy,  513. 
chambers,  663. 
compressed-—,  320,  597,  681. 
breathing—,  320.  597,  etc. 
in  diving  bells,  321. 
in  foundations,  596. 
in  roek  drills,  681. 
compressors.  681. 

manufacturers,  991. 
density,  320. 
locks.  597. 
pressure,  320.  502. 

barometer,  levelling  by — ,  312. 
of  compressed — ,  320,  597,  etc. 
on  water  surface,  502. 
in  siphons,  521. 
slacking,  925. 
in  tunn^s,  812. 
valves,  662. 
ventilation,     quantity     required 

for—    320. 
vessel,  663. 
volumes    of    unit    weights    of — , 

conversion  of — ,  242. 
weight,  320. 
weights    of    unit    volumes    of — . 

conversion  of — ,  242. 
wind,  321. 
Alcohol,  weight  of — .  212. 
Alioth,  285. 
AUardyce  process,  955. 
Alligation,  40. 
Alphabet,  Greek—.  34. 
Alternating  stresses.  465.  761. 
Alternation  of  ratios,  38. 
Altitude.    See  Height. 

of  the  pole,  284. 
Alumina,  in  cement,  930. 
Aluminum 

oxide,  in  cement,  930. 
weight,  212. 
Amortization,  43. 
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Amount,  in  interest,  etc.,  41. 
Anchorage,  Anchorages, 
of  suspension  bridges,  770. 
wind —  in  bridges,  759. 
Angle,  Angles,  92. 

arc,  angle  subtended  by — ,  181, 

780,  etc. 
blocks,  736. 
in  built  seotiooa,  723. 
chords  subtending — ,  143,  780,  etc. 
circular  measure  of — ,  34. 
complement  and  supplement,  94. 
co-secants  of — ,  97. 
cosines  of — ,  97. 
co-versed  sines  of — ,  97. 
deflection—,  780,  784-789,  840. 
degrees  in — ,  decimals  of — ,  95. 
of  direction,  765.  • 

of  friction,  409. 

in  arches,  432. 

in  dams,  433. 
frog—,  886,  889. 
hour—,  285. 
iron.  497,  896-899,  912. 
of  maximum  pressure,  607. 
to  measure 

with  the  hand,  etc..  96. 

with  the  sextant,  152. 

with  the  tape  Hne,  152. 

with  the  two-foot  rule,  etc..  96. 
minutes  and  seconds  in  decimals 

of  a  degree,  95. 
plates  for  rail  joints,  820-823. 
in  polygons,  148. 
rule,  2  ft. — ,  to  measure —  by,*  96. 
secant  of — ,  97. 
seconds  in  decimals  of  a  degree, 

95. 
sines  of — ,  97. 

table,  98. 
of  slope,  255-257. 
on  sloping  ground,  151. 
steel,  896.  898. 

test,  753. 
subtended  by  arc,  181,   780,  etc. 
supplement  and  complement,  §4. 
switch—,  827. 
symbol  for—,  33. 
tangent  of — ,  97. 
tangential—,  tables,  784-786. 
in  trian^ea,   148. 
versed  sines  of — ,  97. 
Angular  velocity,  851. 
Animal  power,  685. 
Anneal,  defined,  1026. 
Annual 

earnings  of  railroads,  867,  etc. 
expenses  of  railroads,  867,  etc. 
magnetic  variations,  301. 
Annuity,  Annuities,  43. 
equations,  44. 

required  to  redeem  $1000,  46. 
Antecedent,  38. 
Anthracite, 

heat  from — ,  317. 

space  occupied  by — ,  216. 

weight,  212,  215. 


Antf-b^rsting;  device,  665. 
Anticlmal  axis,  1025. 
Anti-component,  362. 
Anti-friction  rollers,  417,  725,  761, 

846. 
Antilogarithms,   71. 
Antimony, 
strength,  920. 
weight,  212. 
Anti-resultant,  362. 
Apertures, 

contiguous — ,  flow  through — ,  642. 
shape  of — ,  e£Fect  on  flow,  641. 
in  thin  partition,  541. 
Apex,  apex  distance,  780. 
Apothecaries' 

measure,  228,  224. 
weight,  220. 
Apparent  solar  time,  265. 
Application  of  force,  332,  347. 

point  of — ,  333,  369. 
Applied  and  imparted  forces,  372. 
Approach,  velocity  of — ,  556. 
Aqueduct,  Aqueducts, 
flow  in—,  WO. 
Kutter's  formula,  663. 
Arc,  Arcs, 

circular — ,  179. 

angles  subtended    by — ,    181, 

780,  etc. 
center  of  gravity,  391.  / 

chords,  143,  179,  780,  etc. 
co-secant,  97. 
cosine,  97. 
cosine,  table,  98. 
co-yersed  sine,  97. 
graduated — ,  292. 
utrge — ,  to  draw — ,  181. 
ordinates,  180,  784,  817,  840. 
radii,    180,  781,  etc. 
rise,  180. 
secant,  97. 
sine,  97. 

table,  98. 
tables,  183.  186. 
tangent,  97. 
table,  98. 
time  equivalents  of—,  266,  290. 
versed  sine,  97* 
elliptic—,  189. 
parabolic — ,    192. 
semi-elliptic — ,  189. 
Arch.  Arches,  424. 430,  etc.,  613, 740. 
abutments,  617. 
angle  of  friction  in — ,  432. 
brick—,  629,  632. 
bridges,  613. 
centers  for — .  631. 
concrete — .  615,  616. 
design  of—.  431,  432,  618,  eto. 
elliptic—,  616. 

joint  in — .  to  draw — ,  190. 
kesrstone.  613.  615. 
line  of  pressure.  430. 
line  of  resistance.  430. 
line  of  thrust,  490. 
mechanics  of?^,^3 

iigitized  by  vjOC 
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Arch,  Arches — continued. 

moments  in — ,  424. 

practical  considerations,  432. 

pressure  in — ,  430,  614. 

pressure,  line  of — ,  430. 

radius,  to  find — ,  614. 

resistance  line,  430. 

roofs,  740.  742. 

rubble—,  616. 

settlement  of, —  432. 

statics  of — ,  430,  432. 

stones,  613. 

chamfering,  634. 

pressure  in — ,  430,  etc.,  614. 

pressure  of — ,  on  centers,  633. 

theory  of — ,  430,  432. 

thrust  line,  430,  432. 
Archimedes  screw,  687. 
Architrave,  defined,  1025. 
Area,   Areas, 

of  a  circle,  to  find — ,  161. 

of  a  circle,  table,   163-178. 

contraction  of —  in  iron  and  steel, 
752,  754,  873. 

crippling — ,  of  rivet,  775. 

of  pipes,  526. 

reduction  of — ,  752,  754,  873. 

of  sections  of  beams,  468,  892, 
etc. 

of  surfaces.     See  the  surface  in 
question. 

unit — ,  equivalents  of — ,  233. 
Arithmetic,  35. 

Arithmetical  complements.  71. 
Arithmetical  progression,  39. 
Arm,  lever—,  360. 
Arris,  defined,  1025. 
Arroba,  227. 
Artesian  wells,  671. 
Artificial 

horizon,  298. 

stone,  concrete,  943. 
Ascent.      See  Grade.  Height,  Slope. 

efifect    of —  on  power  of    horses, 
683. 

efifect  of —  on  power  of  locomo- 
tives, 860. 
Ash  wood,  strength,  459,  476,  957, 
958. 

weight,  212. 
Ashlar  masonry,  cost.   601,  602. 
Asphaltum,  weight,  21,2. 
Atlas  powder,  951. 
Atmosphere,  See  Air,  320. 

buoyancy,  513. 

(unit    of   pressure),    equivalents 
of—  240. 

weight,  212.  320. 
Augers  for  earth  and  sand,  670. 
Avoirdupois  weight,  220. 
Axis,    See    the    given    surface     or 
solid. 

of  buoyancy,  514. 

of  equilibrium,  514. 

of  flotation,  514. 

neutral — ,  466. 

of  symmetry,  514. 


Axle,  friction,  416,  417. 
Aximuth,  Azimuths,  284-290. 


B. 

Back,  Backs, 

of  arch,  defined,  613. 

of  retaining  walls,  603. 
Backing  of  walb,  603. 
Backstays  for  suspension  bridges, 

766. 
Bag  scoop  or  spoon,  581. 
Ba^^ge  cars,  865. 
Bailing  by  bucket,  day's  work,  686. 
Balk,  defined,  1025. 
Ballast, 

for  railroads,  815. 
cost  of — ,  855. 
Balloon,  principle  of — ,  513. 
Balls,  weight,  874. 877,  879,  918. 
Baltimore  truss,  694. 
Bar,  Bars, 

in  built-up  sections,  723. 

dredging,  580. 

iron — ,  weight,  877,  878. 
Barbed  fence,  854. 
Bargeboards,  defined,  1025. 
Barometer,  312,  320. 
Barrel,  contents,  223. 
Barrow.   See  Wheelbarrow. 
Barschall  process,  955. 
Bascule  or  lift  bridges,  697. 
Base,  Bases, 

of  logarithmic  systems,  72. 

wheel —  of  locomotives,  etc.,  866. 
Batten  plates,  724. 
Batter, 

of  abutments,  619. 

defined,   1025. 

of  retaining  walls,  603,  etc. 
Bazin's  formula,  552. 
Beam,  Beams, 

breaking  loads,  coefficients,  476. 

channel—,  497.  894.  912. 

coefficients    for    breaking    loads, 
476. 

concrete—,  strength  of — ,  945. 

continuous — .  489. 

curved — ,  446. 

deflections,  481.  959. 
loads  for  given — .  480. 
under  sudden  loading,  460,  959. 

elastic  limit.  482. 

elasticity,  modulus  of — .  457. 

end  reactions.  439. 

equilibrium  of — ,  437. 

floor—.  720,  749. 

forces  acting  upon — ,  437. 

granite — ,   924. 

I —  and  channel — ,  892.  etc.,  912. 
in  fire-proof  floors.  894. 
as  pillars.   497,   902,  912. 
separators  for — ,  900. 
tables,  892.  etc. 

inclined-^f^^f^^OOgle 
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Beam,  Beams — continued. 

iron — ,  safe  loads  and  deflections, 

960,  962. 
limit  of  elasticity,  482. 
loads,  437,  etc.,  466.  etc.,  476,  760, 
762,  892,  etc. 
for  fi^iven  deflection,  480. 
within  limit  of  elasticity,  482. 
suddenly  applied—,  460,  959, 
mechanics  of — ,   437,  etc.,  466, 

etc. 
modulus   of  elasticity,  457. 
moments,  440,  443,  445. 
reactions,  439. 
rolled — .       See     Beams,       I — ; 

Beams,  Channel — ;  etc. 
shear,  446. 
steei  and  iron — ,  loads,  892,  etc., 

960.962. 
stone — ,  476.  924. 
strength.    See  Beams,  Loads, 
suddenly  loaded,  460,  959. 
timber — ,  See  Beams,  Wooden — . ' 
and  trusses,  comparison,  689.    . 
of  uniform  strength,  486. 
wooden—,  760,  762,  764. 
deflections,  table,  959. 
load&^tables,  959,  962. 
Bearing,  Bearings, 
of  piles,  590. 
power  of  soils,  583,  593. 
and  reverse  bearing,  277. 
stresses,  permissible — ,  762. 
in  trusses,  721,  725,  750,  761. 
Beats,  of  docks  and  watches,  266. 
Beaum^  hydrometer,  211. 
Bed  plates,  721,  750. 
Beech-wood,  strength,  459,  476,  957, 

958. 
Beetle,  defined,  1025. 
Bell. 

diving — ,  pressure  in — ,  321.  597. 
joint  for  pipes,  660. 
Belting,  cost  and  mfrs..  987. 
Belts,  leather — ,  strength.  922. 
Bench  mark,  1025. 
Bending 

of    beams.      See  Beams,    Deflec- 
tions, 
and  compression,  combined,  724. 
moments.  466,  etc. 
stresses  in  bridge  members,  per- 
missible— ,  762.   • 
tests.  871. 

bridge  steel,  752. 
iron  and  steel,  873. 
steel  castings,  754. 
Bends  in  water  pipes,  537. 
Bents  in  trestles.  814. 
Berm,  defined,  1025. 
Beton.  defined,  1025. 

See  Concrete. 
Beveled  joints  for  rails,  819. 
Bibliography.  1008. 
Bilge,  defined.  1025. 
.Birch,  strength,  459,  476,  957.  958. 
Birmingham  gauges,  887.  890. 


Bismuth, 

strength,  920. 

weight,  212. 
Bitumen,  weight,  212. 
Bituminous  coal. 

space  occupied  by — .  215, 

weight  of—,  212,  222. 
Black-line  prints,  982. 
Blasting,  600,  953. 
.  apparatus,  952. 
Bled  timber,  strength.  957. 
Blocks,  angle — ,  736. 
Bloom  ton.  216. 
Blue-line  prints.  982. 
Blue  prints,  979. 
Board  measure,  table.  269. 
Boasting,  defined,  1025. 
Boat,  canal — ,  684. 
Body,    Bodies.     See   the    body   im 

Question, 
ned,  330. 

expansion  of—  by  heat,  317. 

falling—,  348,  539. 

fioating— ,  513. 

rigid—,  force  in—,  330,  358. 
Boiler,  Boilers, 

cost  and  mfrs.,  988. 

incrustation,  327. 

iron—,  872, 

thickness,  511. 

tubes,  882 
Boiling  point,  326. 

leveling  by — ,  314. 
Boiling  tests  for  cement,  941. 
Bollman  truss,  695. 
Bolster,  defined,  1026. 
Bolts.  883.  etc. 

cost  and  mfrs.,  986. 

expansion — ,  884. 

iron — ,  table,  886. 

strength    and    weight,    tabl«^ 


stresses,  permissible — .  762. 
Bonnet,  defined,  1026. 
Bonsano  rail-joint,  823. 
Books,  1008. 
Boring, 

artesian  wells,  671. 

augers  for  earth — ,  670,  671. 

test—,  58a,  670. 

wells,  671., 
Borrow  pit, 

defined.  1026. 

to  measure — ,  196,  196. 
Boss,  defined.  1026. 
Bottom, 

heading,  812. 

of  stream,  scour  on — ,  677. 

velocity.  660. 
Bowstring. 

centers,  637.  638. 

truss,  695,  699. 
Box 

cars,  865. 

drains,  627. 

sextant,  297. 
Boxed  timber,  strength.  957. 
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Bracing. 

in  bndges,  691,  710,  748,  749. 

counter — ,  See  Counter-bracinc. 

cross — ,  691. 

for  dams,  502. 
Brad  spikes,  818. 
Brake  friction,  412. 
Branches  in  pipes,  661. 
Brass. 

bcOla.  weight,  9x8. 

ductility,  etc.,  459. 

effect  of  mortar,  etc.,  on — ,  936. 

effect  of  water  on — ,  327. 

expansion,  by  heat,  317. 

friction,  411,  415. 

pipes  and  tubes,  seamless — ,  919. 

strength,  476,  920,  921. 

tubes,  seamless — ,  919. 

weight,  212,  875-878,  887. 

wire,  887. 
Brasses,  defined.  1026. 
Braze,  defined,  1026. 
Bieast-wall,  defined,  1026. 
Breathing, 

air  consumed  in — ,  320. 

in  diving-bells,  320. 
Brick.  Bricks,  926,  927. 

arches,  629.  632. 

cost  and  mfrs.,  985. 

cylinders,  sinking  of — ,  599. 

dust;  925. 

friction,  411. 

incrustations,  929,  936. 

laying,  927. 

strength,  476,  922,  923. 

weight,  212,  213. 

work,  927. 

mortar  required  for — ,  931. 
weight  of— ,  213. 
Bridge,   Bridges.     See    also    Arch, 
Beam,    Girder,   Trestle,   Truss, 
etc. 

arch—,  613. 

brick—,  6^,  632. 

Brooklyn — ,  foundations,  598. 

camber,  726,  746. 

centers,  631. 

clearance,   746. 

combination — .  specifications,  763. 

cross-section,  746. 

design,  720.  745. 

electric  railway — ,  specifications, 
745. 

erection  of—,  743,  763. 

friction  rollers,  725,  751. 

ffage  on — ,  746. 

headway  on — ,  746. 

highway — ,  specifications,  745. 

joints  (connections),  774. 

manufacturers,  988. 

painting,  763,  764. 

protection,  763,  764. 

railroad — ,  specifications,  745. 

roadways^  drainage,  628. 

specifications,  digest  oi — ,  745. 

stone — ,  613.     See  also  Arch. 
-,  centers.  631. 


Bridge,  Bridges — continued. 

suspension — ,  765. 
cables  of—,  765,  891,  976.  977. 

test  of  completed — ,  753. 

trusses,  689. 

weight  of—,  731,  738. 

Wissahickon— ,  Phila.,  640. 

wooden — ,    specifications    for—,' 
763. 
Briggs  logarithms,  70,  78,  80,  etc. 
Briquettes,  cement — ,  938,  etc. 
British 

Imperial  measure,  223.  224. 

rod  of  brickwork,  222,  928. 
Broken 

bubble  tube,  to  replace — ,  296. 

cross-hairs,  to  replace — »  296. 

joints,  819. 

stone.    See  also  Rubble.  583. 
for  concrete,  943,  945. 
foundations,  583. 
voids  in—,  688,  943. 
Bronze, 

phosphor —  wire,  strength,  920. 

weight,  212. 
Brooklyn  bridge,  foundations.  598. 
Bubble  tube,  to  replace — ,  296. 
Buckle  plates,  750,  885. 
Builder's  level,  to  adjust—,  311. 
Building,  Buildings, 

spemnoations  for — ,  764. 
Built  beams,  479,  734.       ^ 
Built  sections,  truss  members,  722. 
Bulk,  increase  of — ,  broken  stooe» 

etc.,  688,  943. 
Buoyancy, 

of  air,  513. 

of  liquids.  210,  513,  515. 
Burkli-Ziegler  formula,  575. 
Burned  clay,  925. 
Burnet tizing,  955. 
Burr  truss,  695. 
Bursting, 

anti —  device,  665. 

of  pipes.  513,  663.  665,  668. 
Bush,  defined,  1026. 
Bushel,  equivalents  of — ,  234. 

volume  of—,  223. 
Business  directory,  983.  996. 
Butt-joint,  773. 
Buttresses,  612. 


Cable,  Cables, 

number  of  wires  in — ,  891. 

stays,  766. 
Caisson,  585. 

Brooklyn  bridge,  598. 

work  in — .    See  Diving-bell,  321. 
Calcium  carbonate,  in  cement,  930. 
Calcium  oxide,  in  cement,  930. 
Calking,  660. 


Camber,  696,  726.  746. 
GameU  defined.  1026. 
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Canal,  Canals, 

boats,  6S4 

flow  in — ,  560. 

Kutter's  formula,  523,  563. 

leakage  from — ,  329,  661. 

traction  on — ,  683. 
Cantara,  227. 

Cantilever,    Cantilevers.      See    also 
Beams. 

bridges,  696. 

end  reactions.  439. 

equilibrium  of — ,  437. 

forces  acting  upon — ,  437. 

moments,  440,  442,  445. 

reactions,  439. 

of  uniform  strength,  486. 
Cap,  for  blasting,   952. 
Capitalization,  41,  44. 
Car,  Cars,  865. 

derrick—,  808. 

earthwork,  807. 

friction,  417. 

mfrs.,  990. 

pressed  steel — ,  865. 

resistance,  417. 

wrecking,  808. 
Carat,  219,  220. 
Carbon, 

dioxide,  in  cement,  930. 

in  steel,  872. 

in  steel  castings,  754. 
Carbonic  acid,  in  cement,  930. 
Carnegie  beams,  channels,  etc.,  892, 

etc. 
Cart,  Carts, 

earthwork,  800,  802,  805. 

excavating     (wheeled     scrapers), 
805. 

road,  repairs  of — ,  801. 

rock,  removing,  810. 

traction,  683. 
Cartridge, 

dynamite — ,  950. 

rack-a-rock,  951. 
Cassiopeia,  285. 
Castellano,  227. 
Castelli's  quadrant,  561. 
Casting,  Castings, 

safety—,  824,  833. 

steel — ,  requirements,  754.  872. 

weight  of — ,  by  size  of  pattern, 
875. 
Cast-iron.    See  Iron,  Cast — . 
Cattle  cars,  865. 
Cedar,  strength,  476,  957,  958. 
Cement,  930-942. 

brick-dust—.  925. 

concrete,  943. 

cost  and  mfrs.,  986. 

and  iron  pipes,  657. 

for  leaks,  971,  973. 

tnoisture.  eflfect  on — ,  929. 

slag — ,  940. 

strength,  923,  932,  etc. 

weight,  212,  934,  etc. 
Center,  Centers. 

for  arches,  631. 


Center,  Centers — continued. 

of  buoyancy,  514. 

of  circle,  to  find — ,  161. 

for  fire-proof  floors,  895. 

of  force,  399. 

of  gravity,  386. 

of  gyration,  496. 

of  moments,  361. 

of  oscillation,  351. 

of  percussion,  351. 

of  pressure,    399,  501,  506,   614. 
Centigrade  thermometer,  318. 
Centigram,  equivalents  of — ,  236. 
Centifiter,   235. 
Centimeter, 

centigram,  etc.,  definitions,  231. 

cubic — .  weights,  212. 

equivalents  of — ,  233. 
Central  forces,  354. 
Centre.     See  Center. 
Centrifugal  force,  354,  711,  768. 
Centripetal  force,  354. 
Chain,  Chains, 

cost  and  mfrs.,  987. 

equivalents  of — ,  232. 

iron — ,  916 

loaded—  428. 

pump,  687. 

rivetmg,  774. 

streng^n  of — ,  916. 

surveying,  274.  282. 

of  suspension  bridges,  766. 

weight  of — ,  916. 
Chainmg,  282. 
Chalk, 

strength,  923. 

weight,  212. 
Chamfer,  defined,  1027. 
Chamfering  arch  stones,  634. 
Channel,  Cnanneb, 

flow  in—,  623,  560. 

Kutter's  formula,  523,  663. 

steel — as  pillars,  497,  912. 
table,  894. 
Channeling  in  rock,  6Skl. 
Characteristics.  70-79. 
Charcoal,  weight,  212.  . 
Chart,  Charts, 

isogenic — ,  U.  S.,  300. 

logarithmic — ,  73. 
Checking  of  cement,  938. 
Cherry  wood,  weight,  212. 
Chestnut.     See  Wood. 
Chilling,  defined,  1027. 
Chock,  defined,   1027. 
Chord,  Chords, 

of  arcs,  to  find — ,  179. 

in  circles,  162,  179. 

in  curves,  780,  etc. 

increments,  701. 

long—,  table,  787. 

members.     See  Trusses. 

to  radius  1,  table,  143. 

stresses,  701,  709. 

of  trusses,  689. 
Chronometers,  behavior,  266. 
Chuck,  defi^e^,^(5^ogle 
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Chum  drilling.  600. 
Cippoletti  trapesoidal  notch,  55d. 
Circle.  Circles,    161,  etc     See   also 
Circular. 

angles  in — ,  04. 

chords,  162,  179. 

great—.  184,  284. 

radius,  161,  180. 

tables,  163-178. 

vertical — ,  284. 
Circular 

arcs.    See  Arc,  Circular—, 
tables.  183.  185. 

curves  for  railroads,  780. 

inch.  222,  889. 

lune,  186. 

measure  of  angles,  34. 

measure  of  wires,  etc.,  889. 

motion,  351. 

ordinates,  180.  ^ 

tables,  784.  786,  817,  840. 

plates,  strength,  493. 

rings.   186. 

sector,  186. 

center  of  gravity,  393. 

segment,   186. 

center  of  gravity,  394. 
table,  187. 

spindle,  209. 

aone,  186. 
Circulating  decimals,  38. 
Circumference 

of  circle,  to  find—,  161,  171, 178. 

of  ellipse,  189. 
Cisterns.  512,  851,  854. 
Civil  day,  month,  time,  year,  266. 
Clamp.  Clamps, 

pouring — .  for  pipe  joints,  660. 

rod.  switch,  825. 
Clay. 

efifect  on  mortar,  925,  926,  935,936. 

in  foundations,  583. 

loosening  of—,  800.  . 

swelling  of —  by  absorption,  683. 
Clearance, 

in  hi^hwav  bridges,  726. 

in  railroad  bridges,  746. 
Clearing,  cost,  855. 
Cleat,  defined,  1027. 
Climate,  effect  of —  on  rainfall.  322. 
Clinometer,  256,  311. 
Clips,  for  cement  briquettes.  939. 
Clock. 

to  regulate —  by  star,  266. 

-wise.  360. 
Close  piles,  590. 
Cloth,  tracing—,  978. 
Coal, 

cars,  865., 

consumption  of —  by  locomotives, 
860,  etc. 

corrosive  fumes  from — ,  880,  916. 

for  locomotives.  856. 

oil,  weight  (petroleum),  214. 

space  occupied  by  ton  of — ,  216. 

ton  of—,  volume,  215.  222. 

weight.  212.  222. 


Cocks,  corporation — ,  664. 
Coefficient,  Coefficients, 

of  contraction,  642. 

defined.  1027. 

of  deflection,  483. 

of  friction,  408. 

of  kinetic  friction,  409. 

for    loads   within    elastic    limit, 
482. 

of  roughness,  623,  664,  666. 
for  pipes.  623. 

of  safety.  See  Safety,  Factor  of — ^i 

of  stability,  423. 
Coffer-dam,  585.  686. 

defined,   1027. 
Cohesion,  957. 
Coin,  Coins,  218,  219. 
Coke,  weight,  212. 
Cold, 

effects  of — , 
on  cement,  932. 
on  explosives,  948,  950. 
on  iron,  819.  874. 
on  mortar,  928. 

-rolled  iron,  020. 
Colinear  forces.  361,  363. 
Collision,  impact,  347. 

posts,  695. 
Cologarithm,  71. 
Colorsi 

draughtsmen's,  978. 
Column.   Columns   (pillars). 

See  Pillars. 

Gray—,  905. 

Phoenix—,  497,  904,  912,  913. 

water-,  852. 

Z-Bap— .  901-903. 
Combination 

bridges.  738. 

specifications,  763. 

and  permutation,  40. 
Combined  stresses,  493,  724. 
Commercial 

measures,  size  of —  by  weight  ol 
water,  224. 

weight,  220. 
Common, 

denominator.  35. 
to  reduce  to — ,  36. 

divisor,  35. 

factor.  35. 

fraction.  36,  37. 

logarithms.  70-91. 

measure,  35. 

multiple,  35. 
Compass. 

to  adjust.  298. 

declination,  301. 

variation.  301. 
Compensating  reservoir,  653. 
Compensation,  water,  653. 
Complement  and  supplement,  94. 
■  Component.  Components. 

equations  for — ,  3651 

of  force,  362. 

normal — ,  370.^^  , 

l©ctangul|^ieTby5gi300g  Ic 
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Component,  Components — cont'd. 

stress — ,  371. 

summation  of — ,  466. 

tangential — ,  369. 
Composition 

of  couples,  405. 

of  forces,  362,  etc. 

of  ratios,  38. 

of  steel,  753. 
Compound 

interest,  42. 
equations,  44. 
table,  43. 

levers,  420. 

locomotives,  856. 

stresses,  762. 
Compressed 

air,  320,  597,  681. 

gun-cotton,  951. 
Compressibility 

of  air,  320. 

of  liquids,  326. 

of  sand,  935. 
Compression 

and  bending,  combined,  493.  724. 

members.  721,  722.  732,  747. 

and  tension,  359. 
Compressive  strength 

of  cements,  934. 

of  concrete,  943. 

of  metals,  921. 

of  stone,  etc.,  923. 

of  timber,  958. 
Compressors,  air — ,  681,  991. 
Concentrated 

excess  loads,  706. 

loads,  deflections,  484. 

loads,  moments  due  to — ,  444. 

loads,  shears  in  beams,  446. 
Concrete,  943. 

beams,  strength  of — ,  945. 

defined,    1027. 

-metal  construction,  cost,  989. 

mixers,  943. 

cost  and  mfrs.,  992. 

strength,      compressive — ,      923, 
943,  etc. 

strength,  transverse,  945. 
Concretions  in  pipes,  655. 
Concurrent  forces,  361,  364,  380 
Cone,  Cones,  200. 

center  of  gravity  of — ,  395,  397. 

frustum.  201,  395,  397. 
Conical  rollers,  846. 
Connections,  pin  and  riveted,  721. 
Conoid, 

frustum  of — ,  209. 

parabolic — ,  209. 
Consequent,  38. 

Consolidation  locomotives,  857. 
Constants.    See  Coefficients. 
Construction, 

bridge—,  720. 

railroad — ,  cost,  855. 
Consumption 

of  fuel  by  locomotives,  860. 

of  water,  649. 


Contiguous  openings,  flow  thro — ; 

542. 
Continued  proportion,  38. 
Continuous  beams,  489. 
Contour  lines,  302. 
Contracted  vein,  541. 
Contraction, 

of    area,    iron    and    steel,     752, 
754,  873. 

coefficient  of — ,  542. 

by  cold,  317,  819. 

incomplete — ,  540,  544. 

of  outflow,  541. 

of  rails,  819. 

of  waterway,  623. 
Contractor's  profit,  801. 
Conversion     tables     of     units     of 

weights  and  measures,  etc.,  228. 
Conveying     machinery,     cost     and 

mfrs.,  991. 
Cooper's  standard  loading,  766. 
Co-ordinates  in  resolution  of  forces* 

372. 
Coping, 

defined,  1027. 
Coplanar  forces,  361. 
Copper, 

balls,  weight,  918. 

compressibility,  etc.,  459. 

cost.  919,  987. 

effect   of    cement,    mortar,  etc.* 
on—,  928,  936. 

effect  of  water  on — ,  327. 

expansion  of —  by  heat,  317. 

pipes,  seamless — ,  919. 

roofs,  918. 

sheets,  918. 
.    strength,  499,  500,  920.  921. 

sulphate,  for  wood,  955. 

tubes,  seamless — ,  919. 

weight,  212,  875,  878,  886.   887. 
918 
Corbel,  defined,  1027.' 
Cord, 

loaded—,  428. 

mechanics  of  the — ,  425. 

polygon,  377,  428. 

ojf  wood.  222,  234. 
Cork, 

weighty  212. 
Corporation  cocks  or  stops,  664. 
Corrections  for  tapes,  283. 
Corrosion, 

by  acid  fumes,  970. 

by  coal  fumes,  880,  916. 

by  water,  327,  594. 
Corrugated 

flooring,  914. 

sheet-iron,  880. 
Co-secants,   97. 
Cosines,  97,  98. 

logarithmic — ,  72. 
Cost,  Costs.     See   articles  in  ques- 
tion. 

price  list,  983. 

of  operation  of  railroads,  867. 
Co-tangent,  97,  etc.         » 
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Ck>tter-bolt,  defined,  1027. 
Counter,  Counters, 

adjustable—,  721. 

-braoing,  690,  705.  712,  721.  738. 
746. 
of  centers,  634. 

-clockwise,  360. 

-scarp  revetment,  612. 

sloping  revetment,  612. 
Counterforts,  612,  1027. 
Cpuples,  404. 
Couplings  for  pipes  and  tubes,  657, 

882. 
Courses 

of  masonry,  603,  620. 
Cover 

in  a  butt-joint,  773. 

plate,  72^. 
Co-versed  smes,  97. 
Crab,  defined,  1028. 
Cradle,  defined,  1028. 
Cramp,  defined,  1028. 
Crane,  defined,  1028. 
Creepmg 

of  rails.  819.  820. 
Creo-resinate  process,  955, 
Creosote.  815,  954.  984. 
Crescent  truss,  695, 
Crib,  Cribs, 

coffer-dam,  645. 

dams,  cost,  645. 

foundations,  584,  585. 
Criterion, 

for  maximum  chord  stresses,  709. 

for  maximum  web  stresses,  706. 
Cross  • 

bracing.  691,  710,  748. 

nrts.  turntable,  846.  • 

^airs,  in  level,  306. 

-hairs,  to  reiplace — ,  296. 

section  of  bridge,  746. 

section  paper.  978. 
logarithmic,   73. 

-shaped  beam,  492. 

ties.  815.  855. 
Crowd,  weight  of—,  726. 
Crown, 

of  arch,  defined,  613. 

(coin),  value.  218. 
Crushers,  stone—,  943,  992. 
Crushing 

loads,  923.  934,  943,  958. 

in  timber  construction,  732. 
Cube,  Cubes.  55,  194.  195. 

roots,  64,  etc.     See  also  Powers, 
of  decimals,  to  find — ,  67. 
of    large   numbers,   to    find— ^, 

66. 
tables,  54,  etc. 

tables,  55. 
Cubic 

centimeter,  foot,   inch,  etc.     See 
Conversion  Tables. 

measure.  222. 
metric.  225. 

meter,  etc.     See  Meter,  etc. 
Culmination  of  Polaris,  287,  288. 


Culmination 

<^  a  star.  284. 
Culvert,  Culverts, 

arches  for — ,  613. 

box—,  627. 

foundations  of — ,  627. 

lengths  of—,  622. 

quantity  of  masonry  in — »  622, 
Curbs 

in  highway  bridges,  750. 
Current  meters,  662,  cost,  etc.,  993. 
Curvature  of  the  earth,  table,  153. 
Curve,    Curves.      See    Arc,    Circle, 
Ellipse,  Parabola,  etc. 

effect  of —  on  distribution  of  liv« 
load  on  bridge.  712,  756. 

elastic—,  483. 

railroad—,  780. 
gauge  on — ,  789. 
tables  of—.  784-789. 
in  tunnels,  812. 
in  turnouts,  840. 

in  water  pipes,  637. 
Curved 

beams.  446. 

chords  in  trusses,  695. 
Curvilinear  motion,  361. 
Cuttings, 

level—  790. 
Cutwater,  defined.  1028. 
Cycloid.  194. 

center  of  gravity,  394. 
Cylinder,  Cylinders,  196. 

contents,  table.  197,  223,  626. 

in    foundations.     593.   694,   696^ 
599.      See  also  Fotmdations. 

of  locomotives,  866.  861. 

pneumatic  process,  596. 

pressure  in — ^  611. 
locomotive — .  861. 

stren^h  of — ,  511. 
Cylindrical 

beams,  deflections,  486. 

pillars,  497.  912.  913. 

ungula,  199. 

center  of  gravity  of — t  397. 
Cyma,  to  draw — ,  191. 


Dam,  Dams.  400.  etc..  430,  etc.,  433, 
etc.,  502,  576,  642. 
center  of  pressure  against — ,  400. 
coffer — ,  585,  586. 
construction,  585,  642. 
danger  in — ,  436. 
deflection,  436. 
discharge  over — ,  547. 
height  of  water.  554. 
leakage  through—,  329.  651. 
masonry — .  400,  etc..    430,  etc., 

433,  etc. 
practical  considerations,  436. 
stability,  433,  508.        j 
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Dam,  Dams — continued. 

stone,  400,  etc.,  430,  etc..  433,  etc. 

timber,  642. 

trembling,  648. 

walls,  508,  611. 

wooden,  642. 
Day.  Days.  236.  265,  266. 
Dead  load,  Dead  loads, 

for  bridges,  690,  755. 

in  cars,  865. 

defined,  1028. 

in  roof  trusses,  713. 

stresses,  graphic  method,  703. 
Dead  point,  defined,  1028. 
Decagon.  148. 
Decay  of  timber,  954. 
Decigram,    equivalents    of — ,    231, 

236. 
Deciliter,  equivalents  of — ,  235. 
Decimal,  Decimals,  37. 

of  a  degree,  mins.  and  sees,  in — , 

.     95. 

of  a  foot,  inches  expressed  in — , 
table,  221. 

fractions,  37. 

logarithms,  70. 

roots  of — ,  67. 
Decimeter,  equivalents  of — ,  233. 
Deck  trusses,  692. 
Declination,  284. 

magnetic — ,  301. 

of  a  star,  formula,  290. 
Deepened  beams,  479,  734. 
Deflection,  Deflections, 

angle,  780.  784-789,  840. 

of  arch,  436. 

of  beams,  480,  483,  486. 
of  uniform  strength,  486. 

of  cantilevers  of  uniform  strength, 
486. 

coefficient,  483. 

of  cross-shaped  beams,  492. 

of  dam,  436. 

distance.  781. 
tables,  784-786. 

and  fiber  stress,  481. 

of  suspension  bridges,  765. 

of  trusses,  718. 
Degree,  Degrees, 

of  latitude,  length  of — ,  184,  22Q. 

of  longitude,  length  of — ,  221. 

mins.  and  sees,  m  decimals  of — , 
95. 
Dekagram,    equivalents   of — ,    231, 

236. 
Dekaliter  or  centistere,  equivalents 

of—,  235. 
Dekameter,  Dekameters.  225. 

chord  of   2 — .    curve,  table,  786. 

equivalents  of — ,  233. 
Dekastere  or  hectoliter,  equivalents 

of—   235. 
Delta  Cassiopeia,  285. 
Demagnetisation  of  compass  needle, 

302. 
Demi-revetment,  612. 
Denominator.  35. 


Density 

of  air,  320. 

relative — ,  210. 
Departures  and  latitudes,  274. 
Depreciation,  43,  864. 
Depth,  Depths, 

for  beams,  477. 

conversion  tabl6,  239. 

on  dams,  554. 

effective — ,  759. 

equivalents  of — ,  in  volumes  pei 
surface,  250. 

flow  at  different — ,  560. 

for  given  deflection.  483. 

hydraulic  mean — ,  564. 

of  kejrstone,  613. 

for  permissible  deflection,  485. 

pressure  at  different — ,  601,  648. 
Derrick, 

car,  808. 

defined,  1028. 
Detrusion,  499. 
Dew-point,  321. 
Diagonal,  Diagonal^, 

counterbraces,  712. 

of  parallelogram,  95.  157. 

of  trapezoid,  etc.,  158. 

in  trusses,  689. 
Diagram,  Diagrams, 

for  dead  load  stresses,  703. 

influence —  for  beams,  449.  . 
for  pressure  distribution,  403. 

for  Kutter's  formula,  570. 

for  live  load  stresses,  706. 

moment  and  shear.  449. 

for  shear  in  trusses,  702. 

truss — ,  707. 
*   wheel—,  706. 
Dial,  to  make — .  268. 
Diameter,   Diameters, 

of  bolts,  883. 

of  circle,  to  find,  161. 

of  pipes,  524,  882,  918. 

actual  and  nominal— ,526,  882. 

of  rivets  for  safety,  775. . 

sq.  roots  of — ,  526. 

of  wire,  887-891. 
Diamond  drill,  675. 
Dike,  defined,  1029. 
Dimensions.       See   the    article    in 
question. 

for  beams,  477. 

limiting — ,    in    bridge    members, 
762. 

in  roof  trusses,  764. 

in  wooden  bridges,  764. 
Dip,  defined,  1028. 
Dipper,  (constellation),  285. 
Direction,  angle  of — ,  765. 
Directory,  business — ,  996. 
Discharge,  Discharges, 
'  through  adjutages,  540. 

through  channels,  560. 

through  contiguous  openings,  542. 

over  dams,  547. 

head  for  a  given — ,  to  find — , 
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Discharge,  Discharges — continued. 

through  notches,  550* 

through  orifices,  639,  546. 

through  pipes,  516,  etc. 

through  sewers,  574. 

through  short  tubes,  540. 

tables  of—,  261-265. 

through  thin  partition,  541. 

units   of  rates  of — ,   conversion 
of—,  243. 

over  weirs,  547,  etc. 
Disks,  centrifugal  force  in — ,  355. 
Distance,  Distances, 

deflection — ^  tangential — ,   781. 

frog—.  839. 

polar—,  284. 

by  sound,  316. 
Distributing  reservoirs,  653. 
Distribution  of  pressure,  400. 
Diurnal  magnetic  variations,  301. 
Diving 

apparatus,  cost  and  mfrs.,  992. 

4>eU,  321. 

dress.  992. 
Division 

oi  decimals,  37. 

of  fractions,  36. 

by  logarithms.  71. 

by    logarithmic    chart,    or    slide 
rule,  75. 

of  a  modified  logarithm,  72. 

of  ratios,  38. 
Divisor,  common,  35. 
Dodecagon.  148. 
Dodecahedron,  194. 
Dog-iron,  defined.  1028. 
DoUar, 

U.  S. — ,  weight,  etc.,  219. 

value  of—,  218. 
Dolomitio  limestones,  931. 
Dome,  pneumatic — ,  665. 
Donkey  engine,  defined,  1029. 
Double 

float,  561. 

intersection  trusses,  694. 

rivetin/e,  772. 

rule  or  three,  39. 

shear,  499.  774. 
Dovetail,  defined,  1029. 
Dowel,  defined,  1029. 
Draft 

of  horses,  683,  685. 

of  locomotives,  860. 

of  vessels.  515. 
Drag 

scrapers,  earthwork  by — ,  805. 

of  train  on  bridge.  711.  758. 
Drain,  Drains, 

area  drained  by — ,  575. 

box—,  627. 

foundations  of — ,  627. 

pipe,  575. 
Drainage 

of  roadways  of  bridges,  628. 

sewers,  574. 

of  tunnels,  812. 
Draw-bridges.  696. 


Drawing 

instruments,  cost  and  mfrs..  993. 

materials.   978. 
Drawn  pipes  and  tubes,  919. 
Dredge,  Dredges.  580. 

land—,  808. 

mfrs.,  992. 
Dredging,  580. 

by  screw-pan.  596. 
Dress,  diving—,  992. 
Dressmg  of  stone,  601. 
Drift,  defined,  1029. 
Drifting  test.  752. 
Drill,  iJ^ills, 

cost  and  mfrs.,  989. 

rock—.  600.  675. 
Drillini^, 

arteiuan  well — ,  671. 

rock—.  300.  670.  675. 

timnel— ,  812. 
Driving 

wheels,  856. 
weights    on — ,  705,  etc.,  755, 
etc.,  856.  etc. 
Drop 

tests.  871. 

timbers,  644. 
Drowned  or  submerged  weirs.  554. 
Dry 

drains.  627. 

measure,  223. 

rot,  defined.  954,  1029. 
Dualin,  952. 
Dubuat's  formula,  555. 
Ducat,  value  of — ,  218. 
Ductility,  455,  459. 
Dump-cars,  865. 
Duodecimfjs.     duodenal    or    duo« 

denary  notation,  47. 
Duplicate  ratio,  38. 
Dyke,  defined,  1029. 
Dynamics,  330. 
Dynamite,  949.  984. 


E. 

E  and  W  line,  to  run — ,  277. 
Earnings  of  railroads.  867. 
Earth, 

augers.  670. 

bearing  power.  583. 

blasting,  950. 

boring,  670. 

cars  (dump-cars),  865. 

curvature,  table,  153. 

friction,  612,  683. 

hauling,  801. 

heat  of—.  320. 

leakage  through — ^  329,  651. 

leveling  of—,  801. 

loosening  of — ,  800. 

natural  slope,  419,  607,  610. 

pressure,  607. 

resistance  of — ,  583. 

shoveling  of — ,  800. 
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Earth — continued. 

slope  of — ,  natural — ,  607,  610. 
supporting^  power,  583. 
weight,  212. 
-work.  700-811. 

cost,  800,  855.  088. 
in  tunnels.  812. 
volume  of — ,  790,  etc. 
East  and  west  line,  to  run — ,  277. 
Eastern  elongation,  284. 
Easting,  274. 
Eccentric, 
defined.  1029. 
loads.  712. 

deflections,  484. 
Efflorescence,  929,  936. 
Effort,  total —  of  force,  371. 
Elastic 
curve,  483. 

deflection,  trusses,  718. 
limit.  458,  459,  482. 
bridji^  steel.  752. 
cast  iron,  874. 
iron  and  steel,  873. 
steel  castings,  754. 
ratio,  458.  461. 
Elasticity, 

limit  of—.  458,  459,  482. 

in  beams,  482. 
modulus  of — ,  456,  469. 
oast  iron,  874. 
Electric 

blasting  machine,  952. 
railroad  bridges,  loads  for — ,  757. 
Electricity  in  compass  box,  302. 
Elevation  of  outer  rail  on  curves. 

787. 
EUipse,  189»  190. 
false — ,  to  draw — .  191. 
ordinate,  189. 

tangent  to — ,  to  draw — ,  190» 
Ellipsoid.  208 
Elliptio 
arc,  189. 

ordinates,    189. 
table,  190 
arch.  616. 
joints  in — ,  to  draw—,  100. 
Elm  wood, 

strength.  459.  476,  957,  958, 
weight,  212. 
Elonjsation, 

bridge  steel.  752. 

by  heat,  317. 

polar  distances  and  azimuths  of 

Polaris  at — ,  table  of — ,  290. 
of  Polaris,  location  of  meridian 

by—,  286. 
of  Polaris,  times  of — ,  288. 
required,  iron  and  steel,  873. 
of  a  star,  284. 
in  steel  castings.  754. 
under  tension,  455. 
of  truss  members,  718. 
Embankment,    790-811. 
cost,  800. 
shrinkage,  799. 


End 

post,  design,  723. 

reactions,  360,  439,  699,  702,  714 
Energy,  343. 

kinetic — ,   343. 

potential — ,  346. 
Engine,  Engines, 

cost  and  mfrs.,  900. 

locomotive — ,  856. 
dimensions.  856. 
performance,  860. 
weight,  856. 

pumpmg — ,  852. 

wheel  loads,  705. 
Entry  head,  616. 
Equal 

altitudes,  location  of  meridian  by 
any  star  at — ,  287. 

shadows  from  the  sun,  location  of 
meridian  by — .  288. 
Equality  of  ratios,  38. 
Equation 

of  payments.  42. 

of  time.  265. 
Equilibrium,  368. 

of  beams  and  trusses,  437,  466, 
608. 

of  couples,  406. 

of  floating  bodies, 
axis  of — ,  514. 

indifferent—.  387,  614. 

in  levers,  410. 

of  moments,  360. 

polygon,  trusses.  707. 

stabte— ,  387.  614. 

unstable—,  387.  514. 

vertical  of — ,  614. 

luipment,   railroad — ,   cost,   865* 


Equivalence  of  work, 

m  trusses,  718. 
Equivalents.  See  Conversion  Tables, 

230,  231.  etc. 
Erection  of  bridges.  743,  763. 
Erie   R.  R.    locomotive  standard, 

868. 
Establishment^of  a  port,  828. 
Evaporation,  S20,  661. 

by  locomotives,  854. 
Even  joints.  810. 
Evolution  by  logarithms,  71. 
Excavating  carts  (wheeled  scrapers); 

806. 
Excavation,  700-811. 

cost  of—,  800.  866,  088. 

in  tunnels,  812. 

volume,  790. 
Excavators, 

mfrs.,  992. 

steam —  (land  dredge),  808. 
Excess  loads,  concentrated — ,  705. 
Expansion 

bearings,  721,  726,  761. 

bolts.  884. 

of  cement.  937. 

by  heat,  317.    See  Heat. 
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Expense,  Expenses, 

locomotive  running — »  864. 

railroad—,  867. 
Exploder,  Exploders,  952. 
Explosive,  Explosives,  948. 

cost  and  mfrs.,  984. 
Express  oars>  806. 
Extrados,   613. 
Extreme  fiber  stress,  permissible — , 

769. 
Extremes  of  ratio  and  proportion, 

38. 
Eye-bars,  721,  747. 

design,  722. 

full  siae— ,  test  of—,  753. 

F. 

Faoe  of  arch.  613. 
Face  wall.  603. 
Facing  switch.  824. 
Fkctor,  Factors. 

common — ,  36. 

and  multiples,  35. 

safety — , 

for  piles,  593. 

for  pillars,  909.  912. 

See  also  Safety,  factor  of — . 
Fahrenheit  thermometer,  318. 
FaU,  Falls. 

defined,   1029. 

required  for  a  given  discharge^ 
627.  566,  673. 

in  sewers,  574. 
Falling 

bodies,   348.  639. 

water,  horse  power,  578. 
False 

ellipse,  to  draw — ^  191. 

-works,  743. 
defined,  1029. 
Fanega,  227. 
Fascines,  599. 

defined,  1029. 
Fathom,  232. 
Fatigue  of  materials,  466. 

defined,  1029. 
Faucet  in  pipe  joint.  660. 
Feather,  defined.  1029. 
Feet.    See  Foot. 
Felloe  or  Felly,  defined,  1029. 
Fence,  854. 
Fencing.  987. 
Ferris-Pltot  meter,  536. 
Ferrule, 

defined,  1029. 

for  water  pipe,  664. 
Fiber 

reactions,  466. 

stress.  466,  467.  etc. 
ana  deflection.  481. 
permissible — .  759. 
Field  tests  for  cements,  942. 
Fifth  powers  and  roots,  67-69. 
Figure,  Figures,  148. 
I  of—.  160. 


Figure,  Figures — continued. 

defined,  92. 

to  draw — ,  159. 

to  enlarge — ,  160. 

irre^ar — >  to  find  area  of — ,  160^ 
Filler  m  pin  joints,  725. 
Filling,  spandrel—,  613. 
Filters,  mfrs.,  994. 
Fineness, 

of  cement,  938.  940. 

of  sand  and  cement,  937. 
Finish,  hard — ,  968. 
Fink  truss,  696. 
Fir,  strength,  957,  etc. 
Fire,  Fires, 

heat  of—.  317. 

hydrant  (fire-plug),  669. 

-proof  floors,  894. 

-proofing,  cost,  989. 

protection,  water  for — ,  650. 
^ring.  simultaneous — of  blasts,  962. 
Fish-plates,  820. 
Fittings  for  pipes,  656,  882. 
Flagging. 

strength  of — ,  476. 
Flashings,  defined,  1029. 
Flasks,  casting — ,  defined.  1029, 
Flats,  in  built-up  sections.  723. 
Flexible  joints  for  pipes,  661. 
Floating 

bodies,  513. 

mills,  678. 
Floats,  560,  561. 
Floor,  Floors, 

beams,  720.  749. 
connections,  730. 

bridge—,  720.  749. 

fire-proof—,  894. 

glass—,  974. 

sections,  rolled — ,  914. 

systems  of  bridges,  720,  749. 

trough—,  750,  914. 

wooden —  in  bridges,  750. 
Flooring, 

corrugated — ,  914. 

Z-bar—.  914. 
Florin,  value,  218. 
Flotation,  513. 
Flow, 

through  adjutages.  540. 

in  channels,  560. 

through  contiguous  openings.  542. 

full—,  540. 

Kutter's  formula,  623,  663,  564. 

obstructions  to — ,  537.  676,  578. 

through  orifices,  539,  546. 

in  pipes,  516. 

in  sewers,  574. 

through  short  tubes,  540. 

in  streams,  560. 

in  syphon,  520. 

through  thin  partition,  541. 

in  trough.  544. 

over  weirs,  formula.  549. 
Fluid,  Fluids. 

friction  of — ,  415. 


1052 


INDEX. 


Flnsli^Friettoii. 


Flush,  defined,  1030. 
Fluxes,  defined.  1030. 
Fly-wheels,  centrifugal  force,  355. 
Follower,  m  pile  driving,  594. 
Foot,  Feet, 

cubic — , 

equivalents  of — ,  222,  234. 

of  substances,  weight  of — ,  212. 

equivalents  of — ,  -232. 

of   mercury    (pressure),    equiva- 
lents of — ,  241. 

per  mile,  equivalents  of — ,  237. 

per  second,  equivalents  of — ,  242. 

-pound,  341. 

equivalents  of — ,  237. 
Forbay,  defined.  1030. 
Force,  Forces,  330,  332,  358. 

acting  upon  beams  and  trusses, 
437. 

application  of — ,  point  of — ,  333. 

applied  and  imparted — ,  372. 

center  of—,  399,  506,  514. 

centrifu^ — ,  354. 
on  bridges,  768. 

centripetal — ,  354. 

classification,  361. 

colinear — ,  363. 

component,  362. 

composition  of — ,  362,  364. 

defined,  332. 

diffusion  of —  through  liquids,  506. 

on  inclined  planes,  349. 

internal —  in  beams,  466. 

living — ,  343. 

measure  of — ,  338. 

parallel—,  382. 
couples,  404. 
resultant  of — .  399. 

parallelogram.  364. 

parallelopiped.  380. 

point  of  application  of — ,  333. 

polygon,  374,  377. 

resolution  of—,  362,  364. 

resultant  of—,  362. 

in  rigid  bodies.   330,  358. 

total  effort,  371. 

transmission,  358. 

triangle,  367. 

units  of — J  358. 

conversion  of — ,  235. 
Forcite,  952. 
Foreign 

coins,  218. 

explosives,  952. 
Forgings,  steel — .  requirements,  872. 
Formula.    See  also  the  given  prob- 
lem. 

Gordon's—,  495. 

Kutter's— ,  623,  563,  664. 

prismoidal — ,  203. 
Foundations,  582. 

of  archesj  613. 

artificial  islands,  600. 

brick  cjdinders,  599. 

caissons,  585. 

for  centers,  631. 

in  clay,  583. 


Foundations — continued. 

close  piles,  690. 

coffer-dams,  686,  686. 

crib—,  685. 

of  culverts,  627. 

cylinders,  504,  696,  697,  699,  60a 

of  drains,  627. 

fascines,  599. 

on  gravel,  583. 

(Criliage,  690. 

iron  piles,  594. 

islands,  artificial — ^  600. 

loads  for — ,  583. 

masonry — ,  cylinders,  699. 

Nasmyth  pile-drivers,  691. 

Pierre  perdue,  683. 

pile — .    See  Pile,  Piles. 

plenum  process,  697. 

pneumatic  process,  696. 

random  stone,  683. ' 

resistance  of — ,  583,  592 

of  retaining  walls,  612. 

rip-rap,  683. 

on  sand,  682. 

sand  piles,  699,  670. 

sand  pump,  599. 

screw  i>iles,  594. 

sheet  piles,  590. 

sustaining  power,  683.  692. 

for  trestles,  814. 

for  turntables,  846. 

vacuum  process,  696. 
Four-way  stop-valve,  667. 
Foiuth  proportional,  38. 
Fractions,  35. 

logarithms  of — ^  72. 
Frames,  blue-print — ,  980. 
Framing,  timber — ,  734. 
Framework,  steel — ,  specifications. 

764.  ^ 

Franc,  value  of — ,  218. 
Francis's  formula,  550. 
Franklin  Institute  standard  dimen« 

sions  of  bolts,  etc.,  883. 
Free  end  reaction,  roof  trusses,  715. 
Freezing 

of  dynamite,  950. 

effect  of —  on  cement,  932. 

of  explosives,  948. 

of  mercury,  318. 

of  mortar,  928. 

of  nitro-glycerine,  948. 

in  pipes,  656,  665. 

behind  retaining  walb,  604. 

in  stand  pipes,  663. 

in  track  tank,   how   prevented* 
853. 

of  water.  326. 
Freight, 

cars,  865. 

earnings,  867. 

locomotives,  856. 

ton-mile.  867. 
Friction,  407. 

angle  of — ,  409. 
in  arch,  432. 
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Friction — oontinued. . 

axle—.  416. 

of  cars,  417. 

coefficient  of — ,  408. 

of  earth,  612. 

head.  516.  527.. 

on  inclined  planes,  350. 

of  iron  cylinders,  593. 

journal — ,  416. 

kinetic — ^  coefficient,  409. 

launching — ,  415. 

longitudinal —  of  revolving  shafts. 
419. 

of  masonry,  411,  612. 

Morin's  laws,  410. 

of  piles,  593. 

rollers,  417,  725,  751.  846. 
defined,  1030. 

of  walls,  608. 

of  water,  415. 
Frictional  stability,  409. 
Frog,  Frogs,  834-840. 

angle  of--,  835.  839. 

distance,  839. 

graphic  method.  842. 

length.  835. 

number*  835.  840. 

point.  835. 
Frost 

jacket  in  fire  hydrant,  669. 

-proof  tank,  852. 
Frustum, 

of  cone,  201. 

of  parabola,  192. 

of  paraboloid,  209. 

of  prism,  195. 

of  pyramid,  201. 
Fteley  and  Stearns's  formula,  552. 
Fuel  consumption  of  locomotives, 

861. 
Fulcrum.  419. 
Full 

flow,  540. 

siie  eye-bars,  tests  of — ,  753. 
Fumes,  acid — ,  effect  on  roofs,  970. 

coal — ,  effect  on  iron,  880 
Funds,  sinking-;-,  43. 
Funicular  uMicnine,  427. 
Furlong,  equivalents  of — ,  232. 
Furrings,  defined.   1030. 
Fuse,  defined.  1030. 


G.  C.  D.,  35. 

Gi^,  Gages. 

Birmingham—,  887,  890. 
hook—,  548. 
narrow —  cars,  865. 
narrow —  locomotives,  857. 
railroad — ,  827, 

on  bridges.  746. 

on  curves,  787,  789. 
rain—.  324. 
stubs—,  890. 
stuff.  968. 

-,  887-891. 


Gaging  of  streams,  660. 
Gallon,  223,  224,  234. 
Galton's  experiments,  412. 
Galvanic  action  in  water  pipes.  656. 
Galvanised 

iron.  880. 

pipes.  664. 
Gas 

engines,  mfrs..  990. 

weight,  211. 
Gasket.   660. 

defined.  1030. 

to  prevent  washing —  into  pipe. 

Gate  valves.  666,  cost.  etc..  995. 
Gates  for  water  pipes,  666. 
Gauge,  Gauges.    See  Gage,  Gages. 
Gauging  of  streams,  560. 
Gauthsy's  pressure  plate.  561. 
Gearing,  ratio  of  power  and  weight* 

420. 
Gelatine,  explosive — .  952. 
Geographical  mile,  220. 
Geometrical  progression,  39. 
Geometrical  similarity,  92. 
Geometry,  92. 
Giant  powder,  951. 
Gib,  defined,  1030. 
Gin.  686. 

defined.  1030. 
Girders. 

details,  728. 

erection,  743. 

plate—,  731,  747. 
bracing,  749. 

and  trusses,  comparison,  689. 
Glass,  973. 

compressibility,  etc.,  459. 

cost  and  mfrs.,  974,   985. 

dimensions,  etc.,  97-3. 

expansion  by  heat,  317. 

friction,  411. 

strength,  476,  922.  923,  974. 

weight,  212. 
Glazing.  973. 
Globe,  204,  205. 
Glossary  of  terms,  1025. 
Glue. 

adhesion  of — ,  922. 

defined,  1030. 
Glycerine,  nitro — ,  948. 
Gneiss,  weight,  213. 
Gold. 

strength.  020. 

value — ,  219. 

weight,  213,  219. 
Gondola  cars,  865. 
Gordon's  formula,  495. 
Grade,  Grades,  255-257. 

contour  lines.  300. 

etc.,  conversion  of — ,  237. 

defined.  255,  256. 

effect  on  horses,  683. 

effect  on  locomotives.  860. 

hydraulic — ,  519,  521. 

percentage,  255. 

resistance,  683.  86^q[^ 
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Grade,  Grades — continued. 

of  roads,  255,  683. 

of  sewers,  574. 

tables,  255-257. 

traction  on — ,  683. 

in  tunnels,  812. 

on  turnpiices,  255. 

of  water-pipes,  653. 
Gradient,  hydraulic — ,  519,  521. 
Grading,  cost.  800,  855. 
Grain,  equivalents  of — ,  235 
Gram,  or  Gramme,  217,  226. 

equivalents  of — ,  236. 
Granite, 

beams.  924. 

cost  of —  blocks,  601. 

expansion  by  beat,  317. 

rubble,  cost,  602. 

strength,  476,  923.  924. 

weig^ht,  212. 
Graphic 

method,  truss  stresses,  703,  706. 

representation  of  couples,  405. 

statics,  428-431,  435. 
Gravel, 

boring  in — ,  670. 

in  concrete,  943. 

dredging  in — ,  680. 

for  foundations,  582. 

natural  slope  of — ,  610. 

weight,  213. 
Gravity, 

acceleration  of — ,  335,  336,  348, 
349,  539. 

center  of — ,  386. 

on  inclined  planes,  349. 

line  of—,  389. 

plane  of — ,  389. 

specific — ,  210. 
Gray  column,  905. 
Great 

bear,  constellation,  285. 

circle,  284. 
Greatest  common  divisor,  35. 
Grillage,  590. 

defined,  1030. 
Groin,  defined.  1030. 
Gross  ton,  216. 
Ground  lever,  826. 
Grout,  926. 

defined,  1030. 
Grubbing,  cost,  855. 
Guard,  Guards, 

rails.  750.  828.  833,  835. 

wheel — ,  750. 
Gudgeon,  416. 

defined,  1030. 
Guide-rails.  828,  833,  835. 
Guldinus  theorem,  194. 
Gun 

-cotton,  compressed.  951. 

metal,  strength,  920. 

-powder,  953. 
pile-drivers,  591. 
weight  (under  Powder),  214. 
Ounter's  chain.  220.  232,  282. 
russet,  defined.  1030. 


Gutta-peroba 

pipe,  657. 

weight,  213. 
Gypsum,  weight,  213. 
Gjration, 

center  of — ,  496. 

radius  of—,  352,  496>  892,  et«. 


H. 

H.  C.  F.,  36. 

H.  P.    See  Horse-power. 

Hair, 

cross — ,  to  replace — ,  296. 

stadia-,  293. 
Half-section,  equivalents  of — ^  233 
Hand 

level,  310. 

spike,  defined,  1030. 
Hard  finish,  968. 
Hardening  of  cement,  930. 

rate  of—,  932. 
Hasselmann  process,  955. 
Haul,  mean—,  801. 
Hauling,  683,  685.  801,  805. 
Haunches,  defined,  1030. 
Head,  Heads, 

block.  326. 

of  bolts,  883. 

due  to  a  given  velocity,  539. 

entry — ,  516. 

friction—,  516,  527. 

for  a  given  velocity,  to  find — ^ 
627. 

for  piles.  693. 

plate,  826. 

pressure — ,  268,  etc.,  618. 

theoretical — ^  639. 

tripod—,  292. 

velocity—,  516,  639. 

of  water,  616. 

for  water  supply,  654. 
Header,  defined.  1030. 
Heading,  812. 

defined,  1030. 
Headway  in  bridges,  746. 
Heat, 

of  the  air,  320. 

conduction  of — ,  by  air,  320. 

expansion  of  air  by — ,  320. 

expansion  of  rails  by — ,  819. 

expansion  of  solids  by — ,  317. 

expansion  of  surv.  chains   by — , 
274,  283. 

of  fires.  317. 

subterranean — .  320. 

thermometer,  318. 

and  work,  units  of — ,  conversion 
of—,  237. 
Hectare, 

equivalents  of — ,  234. 
Hectogram,  equivalents  of — ^  236. 
Hectoliter,  equivalents  of — ,  235. 
Hectometer,         ^^  i 

equivalents  of^SS^filC 
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Heel— tnellned. 


Heel  of  frog,  835. 

of  switch,  825,  828,  839. 
Heiffht. 

effect  on  temperature,  320. 

e£fect  on  weight.  336,  348. 

to  find —  by  barometer,  312. 

to  find —  by  boiling  point,  314. 

to  find —  by  trigonometry,  161. 

of  locomotive  smoke-stack,  856. 
Heliography,  979. 
Helve,  defined.  1030. 
Hemlock. 

strength,  476.  499,  958,  965. 

weight,  213. 
Heptagon,  148. 
Hexagon,  148.  159. 
Hickory, 

strength,  476,  957.  958. 

weight,  213. 
High  explosives,  948. 
Hi^iest  common  factor,  35. 
Highway  bridges.  745,  etc. 
Hip 

roof,  defined,  1031. 

suspender,  stress  in — ,  709. 
Hoisting 

engines,  cost  and  mfrs.,  990. 

machinery,  cost  and  mfrs.  of— ,  991 . 
Holes, 

for  blasting.  600. 

boring —  in  earth,  670. 

boring—  in  rock.  600.  670.  675. 
Homogeneity,  tests  for — ,  87 1. 
Hook-head  spikes,  818. 
Hopkins's  pneimiatic  dome.  665. 
Horizon,  artificial — .  298. 
Horisontal. 

defined.   153. 

forces,  summation  of — ,  466. 

loads  in  trusses.  710. 

shear  in  beams,  478. 
Horse.  Horses, 

power  of—,  683,  852. 

-power,  342,  685. 

equivalents  of — ,  244. 
of  falling  water,  578. 
-hour,  equivalents  of — ,  237. 
metric — .      See    Metric    horse- 
power, 
of  running  streams,  578. 

pumping,  day's  work,  852. 

weight.  685. 
Hose, 

cost,  995. 
Hour,   hours, 

angle,  285. 

defined.  265. 

equivalents  of — ,  236. 
House,  engine — ,  cost,  860. 
Howe  truss,  692,  736,  738. 
H.  P.     See  Horse-power. 
Hydrant,  Hydrants. 

cost  and  mfrs.,  995. 

fire  (fire-plug).  669. 
Hydraulic.    Hydraulics,    616.      See 
also  Water,  Flow,  Velocity,  Dis- 
charge, etc. 


Hydraulic,  Hydraulics — continued. 

cement.     See  Cement. 

grade  line,  519,  521. 

index,  930. 

lime,  930. 

mean  depth.  523,  564. 

radius,  523,  564. 

cam,  578. 

cost  and  mfrs.,  991. 
Hydraulicity  of  cement,  930. 
Hydrogen,  specific  gravity — ,  213. 
Hydrometers.  211. 
Hydrometric  pendulum,  561. 
Hydrostatic,  Hydrostatics.  501. 

paradox,  501. 

press,  506. 
Hyperbolie  logarithms,  72. 


I. 


I-beams.    See  Beams;  I — . 

in  fire-proof  floor.  894. 

as  pillars,  497.  912. 

separators  for — .  900. 

table.  892. 
loe. 

adhesion  to  piles.  594. 

blasting  of — ,  950. 

in  stand  pipes,  663. 

strength,  compressive — .  923. 

weight,  213.  326. 
loosahedron,  194. 
Illumination 

of  cross-hairs.  286. 

of  stake,  surveying,  286. 
Impact.  347.    , 

of  trains  on  bridges,  711,  758. 
Imperial 

gallon.     See  Gallon. 

measure,  British,  224. 
Impost,  defined,  1031. 
Impulse,  337. 
incn.  Inches, 

equivalents  of — .  221,  232. 

circular — ,  222. 

cubic — ,  equivalents.  222,  234. 

in  decimals  of  a  foot,  221. 

per  foot,  equivalents  of — ,  237. 

of    mercury    (pressure),    equiva- 
lents of — ,  241. 

miner's — ,  646. 

spherical — ,  eguivalents  of — ,  222. 

square — ,  eouivalents  of — ,  233. 
Inclination.     See  Grade. 

of  courses  in  masonry,  603,  620. 

tables  of—,  256-257. 

in  tunnels,  812. 
Inclined 

beams,  446,  486. 

plane.  349,  369. 
descent  on— r,  349. 
ropes  for— ,  976-977. 
stability  on^  424. 
tables,  255-267. 
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Incomplete  contraction,  544. 
Increments,  chord — ,  701. 
Incrustation, 
of  boilers,  327. 
of  waUs.  929,  936. 
Indeterminate  stresses,  720. 
Index,  logarithms,  70. 
India  rubber,  weight,  213. 
Indififerent  equilibrium,  387,  514. 
Inertia,  338. 

moment  of — ,  351,  468. 
Infinity,  S3rmbol  for — ,  33. 
Influence  diagrams,  403,  449,  702. 
Ingot,  defined,  1031. 
Instability.  514. 
Interest,  40. 

Internal  forces  in  beams,  466. 
IntematU  metric  screw  thread,  8S3. 
Intersections, 

in  railroad  curves,  780. 
in  trusses,  694. 
Intrados,  defined,  613. 
Inverse  proportion,  39. 
Inversion  of  ratios,  38. 
Invert,  defined,  1031. 
Involution.  64-69. 

by  logarithms,  71. 
Iron, 

balls,  weight.   874,  875,  877,  879, 

918 
bars,  weight,  877,  878. 
beams.     See  Beams,  iron — . 
bending  tests,  873. 
blasting  of — .  950. 
bolts.  883,  886. 
in  bridges,  requirements,  754. 
cast — , 

balls,  weight  of — ,  918. 

cohesive  strength.  920. 

compressive  strength,  874.  921. 

elastic  limit.  459.  874. 

expansion  by  heat,  317. 

friction,  411. 

malleable — ,  stren^h,  874. 

modulus  of  elasticity,  459,  874. 

pillars,  495. 

pipes,  flow  in — ,  522. 

pipes,  weight.  656.  876. 

requirements,  874. 

salt  water  on — ,  327.  594. 

shearing  strength,  499. 

strength,    476.    499,    500,    874, 

920,  921. 
tensile  strength,  874,  920. 
torsional  strength,  500. 
transverse  strength,  476,  874. 
weight,  213,  875,  918. 
casting,  weight,  875. 
and  cement,  pipes  of — ,  657. 
chains,  915. 

channels,  as  pillars.  497,  912. 
cohesive  strength  of — .  920. 
cold,  effect  on—,  274.  819,  874. 
cold-rolled—,  920. 
columns.  See  also  Pillars,  iron — . 

495. 
compressive  strength,  921. 


Iron — continued. 

contraction  of —  by  cold,  274,  819. 

corrosion  of —  by  coal  fumes,  880. 

corrugated  sheet — ,  880. 

cost,  986. 

crushing  strength,  921. 

cylinders,  bursting  pressure  in — , 

511,  512. 
cylinders,    foimdations,  etc.     See 

also  Foimdations,  593-598. 
ductilitv  of — ,  459. 
efifect  of  cement  on — ,  936. 
eflFect  of  cold  on—,  274,  819,  874. 
effect  of  heat  on — .  274.  317.  819. 
effect  of  mortar  on — ,  926.  936. 
effect  of  water  on — .  327,  594. 
elastic  limit,  459.  872,  874. 
expansion  of —  by  heat,  274,  317, 

friction  of — ,  411. 

galvanised — .  880.  t 

heat,  effect  on — ,  274,  317,  819. 

limit  of  elasticity,  469,  872.  874. 

malleable  cast — .  strength,  874. 

manufacture,  870. 

manufacturers,  986. 

modulus  of  elasticity,  459,  874. 

net,  774. 

paints  for  preserving — ,  763,  972. 

piles,  594.     See  also  Foimdations. 

pillars.  495,    497.  901-913.     See 

also  Pillars, 
pipes, 

cast — ,  weight.  656. 

fittings  for — ,  882. 

flow  in—,  622. 

(galvanized — ,  664. 

joints  for — ,  656,  660. 

thickness,  612,  656. 

wrought — ,  656. 

diams,  actual  and  nominal — , 
526.  882. 
plates,  buckled — ,  885. 
porosity  of — ,  512. 
prices — ,  986. 
re-rolled — ,  920. 

rolled — .     See  Iron,  wrought — . 
rolled —  for  bridges,  requirements, 

754. 
roofs.     See  Roofs, 
salt  water,  effect  on — .  327,  694. 
shearing  strength,  499. 
sheet—,  880. 
>!■     ■•■ itv,  213. 

>^lH-r:^.r: MS,    870. 

spikes,  818. 

strength,  476.  499,  500,  870,  872, 

874.  907,  920,  921. 
stretch  of — ,  459. 
T—  497,  898.  912. 
tensile  strength,  920. 
tests,  bending — ,  873. 
torsional  strength,  500. 
transverse  strength,  476,  874. 
tubes,  882. 
water,  effect  on — ,  327,  694. 

salt — ,  effect  on — ,  327,  594. 
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I  roD  ~-cont  inued . 

weight,    213,  875-882.     See  also 
Iron,  cast — ;  Iron,  wrougat — . 
wire,  891. 

rope,  976,  977. 
-wood  (Canadian),  strength,  476. 
wrought — , 
bars,  weight,  877,  878. 
cohesive  strength,  873,  920. 
compressive  strength,  921. 
elastic  limit,  459.  872. 
expansion  by  heat,   274,   317, 

819. 
friction  of — ,  411. 
pillars.     See  also   Pillars,  495. 
pipes,  656,  657. 

diams.  actual  and  nominal — , 

526,  882. 
fittings  for—,  882. 
joints  for—,  656,  660. 
weight,  656,  882. 
prices,  986. 

shearing  strength,  499. 
strength,    476,    499,    500,   872, 

920,  921. 
tensile  strength,  872.  920. 
torsional  strength,  500. 
transverse  strength,  476. 
tubes,  weight,  882. 
water  pipes,  656. 
weight,  213.  877-882. 
Island,  artificial — ,  for  foundations, 

600. 
Isogonic  chart  and  lines,  300,  301. 


Jack,  defined.  1031. 

rafters,  defined.  1031. 
Jag-spike,  818.  defined,  1031. 
Jaw-plate,  724. 
Jet 

pile  driving,  595. 
Jetty,  defined,  1031. 
Ji^-saw,  defined,  1031. 
Jomt,  Joints, 

in  arches,  629. 

bell —  for  pipes,  660. 

in  bridges,  724. 

butt—.  773. 

in  chimnejrs,  etc.,  cement  for — , 
971,  973. 

distribution  of  pressure  in — ,  400. 

end — ,  roof  trusses,  733. 

flexible —  for  pipe,  661. 

lap—.  773,  778. 

masonry — . 

distribution   of   pressure   in — , 

400. 
inclination  of—,  603,  620. 
lead  in — .  634,  921. 

net—.  774. 

pin — .  747. 

pin  and  riveted — .  721. 

for  pipes.  656,  660.  882. 
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Joint,  Joints — continued. 

rail—,  8 J  9. 

cost  and  mfrs.,  994. 

riveted—  721,  749,  772. 

in  roofs,  733,  916,  971. 

timber — ,  734. 

toggle—,  427. 
Joule, 

equivalents  of — ,  237. 

per  second,  equivalents  of — ,  245. 
Journal  friction,   416. 
Jumper, 

defined,  1031. 

drill,  600. 

K. 

Key  frog,  836. 
Keystone,  613,  615. 

pressure  on — ,  614. 
Kieseiguhr,  949. 
Kilogram, 

centigrade,  equivalents  of — ,  237. 

equivalents  of — ,  236. 
Kilogrammeter,    equivalents    of — , 
237. 

per  second,  equivalents  of — ,  245. 
Kiloliter,  equivalents  of — ,  235. 
Kilometer, 

equivalents  of — ,  233. 

per  hour,  etc.,  equivalents  of — , 
243. 
Kilowatt,  equivalents  of — ,  245. 
Kinetic 

eneroy,  343. 

friction,  407. 

coefficient  of — ,  409. 
King, 

post,  defined.  1031. 

truss.  691. 
Knifc-«dge,  strength,  921. 
Knot  (nautical),  220. 
Kutter's  formula,  623,  563,  564. 
Kyanizing,  955. 

L. 

L.  C.  D.,  35. 
I..  C.  M.,  35. 
Lacing.  722. 
Lagging. 

for  centers.  631,  639. 

defined,    1031. 
Laitance,  947. 
Land. 

dredge.  808. 

measure,  222,  233. 
metric — .  225. 

required  for  railroads.  254. 

section  of—,  area  of — ,  222,  233. 

surveying.  274. 

ties,   612. 
Lap 

joint.  773.  778. 

welded  boiler  tubes,  882. 

welded  pipe.  656,  882. 
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Lard. 

as  a  lubricant.  415. 

weight.  213. 
Lateral 

bracing,  691.  720. 
timber  trusses.  737. 
Laths,  968.  969. 
Latitude,  Latitudes, 

astronomical — ,  284. 

degree  of — ,  length,  220. 

and  departures,  274. 

efifect  of —  on  barometer.  312,  314. 

effect  of —  on  gravity,  336,  348. 
Lattice 

bars.  747. 

truss,  694. 
Latticing.   722. 
Launching,  friction  of — ,  415. 
Lajring 

bricks,  927. 

out  of  turnouts.  839. 

pipe,  cost,  658. 

track,  cost.  855. 
Lead, 

balls,  weight,  918. 

defined,   1031. 

effect  of  cement,  mortar,  etc.,  on 
— ,  926,  936. 

elasticity,  etc.,  459. 

expansion  by  heat.  317. 

in  masonry  joints,  634.  921. 

paint,  971. 

pencils,   978. 

pipe,  513,  918.     ■ 

for  pipe-joints,  658-661. 

roofs,  918. 

sheets.  918. 

strength.  920,  921. 

weight,  213,  875-878.  887,  918. 

white—  cement  for  leaks,  971. 

white —  paint,  971. 
Leaded  tin,  916. 

Leak  in  roof,  to  stop — ,  971,  97a 
Leakage,  329,  561,  642,  650.  651. 
Leap  year. 

defined,  266. 

equivalents  of — ^  236. 
Least 

common  denominator,  36. 

common  multiple,  35. 
Leather, 

friction,  415. 

strength.  922. 
Legua,  227. 
Length, 

per  time — ,   units   of — ,   conver- 
sion of — .  242. 

units  of — ,  conversion  of — ,  232. 
Level.  Levels,  306. 

builder's — ,  to  adjust — ,  311. 

cost  and  mfrs.,  993. 

cuttings,   790. 

engineer's — ,  306. 

hand — ,  Locke — ,  310. 

lines,  defined,  153. 

note-book,  form  of — ,  309. 

Y— ,  306. 


Levelling, 

by  barometer^  312. 

bv  boiling  point,  314. 

of  earth  on  embiankment,  801. 

screws.  292. 
Lever,  Levers,  419. 

switch — ,  826,  830. 

tumbling—,  826. 
Leverage,  360,  419. 
Libra,  227. 
Life, 

average — , 
of  cars,  865. 
of  shingles,  971. 
of  ties,  815. 
Lift  bridges,  696. 
Lignum  vitse, 

strength.  476,  957. 

weight,  213. 
Lime,  925. 

in  cement,  930. 

hydraulic — ,  930. 

paste,  926. 

quick — .  930. 

weight,  213. 
Limestone,  213,  923,  930. 
Limit, 

elastic—,  458,  459,  482. 
cast  iron,  874. 
iron  and  steel.  752,  873. 

of  elasticity.      Bee  Limit,  elas- 
tic— . 
Limnoria.  954. 
Linen  pin,  defined,  1031. 
Line,  Lines,  92. 

of  action,  359. 

agonic — .  301. 

center  of  gravity  of — ,  391. 

contour — ,  302. 


of  gravity,  389. 
hydrau* 


hydraulic  grade — ,  519. 

isogonic — ,  301. 

of  no  variation,  301. 

parallel — .  to  draw — ,  94. 

of  pressure.  399.  430. 

resistance—.  430,  432,  434-436. 

of  resultants.  430,  432,  etc. 

thrust—,  430,  432.  434-436. 
Lining  of  tunnels,  812. 
Link,  equivalents  of — .  232. 
Liquid,  Liquids.     See  Water. 

buoyancy  of — ,   513.   514. 

compressibility,  826. 

flow,  516. 

friction,  415. 

measure.  223. 

pressiu^,  500,  518.  < 
transmission  of — ,  606. 

specific  gravity,  211. 
Liter, 

equivalents  of—,  225.  235. 
Lithofracteur,  952. 
Little  bear,  constelllltion.  285.  286. 
Live  load.  Live  loads.     See  Loads 

live — . 
Living  force,  343.,^  t 
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Load,  Loads, 
on  bridges,  726ip  755. 
oart — ,  of  earth,  800. 
chord  stresses.  700. 
on  columns,  405,  ete.,  001,  etc., 

063,  etc. 
dead—,  600. 
on  driving-wheels,  705,  etc.,  755, 

etc.,  856-850,  861. 
on  earth,  safe — ,  583. 
for  given  deflection,  480,  481,  483. 
line,  707. 
live—,  600,   705,  700,  726,  765, 

856-850.  861. 
locomotive — .       See    Loads    on 

driving  wheels, 
moving.     See  Loads  on  driving 

wheels, 
permissible —  on  beams,  473. 
tor  permissible  deflections,  485. 
on  piles,  502. 

on  pillars,  405.  001,  etc.,  063,  etc. 
on  roofs,  321,  713. 
on  roof  •'trusses,  713,  764. 
on  sand,  582. 
stresses,  705. 


eraphio  method,  706. 
sudd^y  applied — ,  460, 
on  wooden  bridges,  764. 


ddenly  appUed— ,  460,  486,  050. 


Loaded 

chain,  428. 

cord,    428. 
Loading, 

standard—,  705,  755. 

of  trusses,  600. 
Local  time,  287. 
Location  of  the  meridian,  284. 
Look, 

air — ,  507. 

gates,  spacing  of  cross-bars,  506. 

nut,  821,  885. 
Locke  level,  310. 
Locomotive,  Locomotives,  856. 

adhesion  of — ,  413. 

house,  cost,  850. 

mfrs.,  000. 

statistics,  867. 

tonnage  rating  of — ,  862. 

turntables  for — ,  846. 

water  for—,  327,  851. 

wheel-load,    705,  etc,  755.  etc., 
856-861. 
Locust,  strength,  476,  057,  058. 
Logarithmic 

ehart,  73. 

plotting,  74. 

sines,  tangents,  etc.,  72. 
Logarithms,  70-01. 
Long 

chords,  lable,  787. 

measure,  220,  225,  232. 

ton,  216. 
Longitude,  degree  of — ,  length,  220, 

221. 
Longitudinal  and  transvwse  stresses 

combined.  403.  724. 
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Lower 

chord,     design,    timber    trusses, 
733. 

chord  splice,  736. 

culmination,  284. 
Lowering  of  oesters,  631,  etc. 
Lowest  terms,  36. 
Lubricants.  415. 
Lubrication  of  tumtablee,  846. 
Lumber.     See  also  Wood,  Timber. 

cost  and  mfrs.,  084. 
Lunation,  266. 
Lune,  circular — ,  186. 


M. 

Machine, 

drill,  675. 

funicular—,  427. 

riveting,  775. 

for  tapping  pipes,  657,  664. 
Magnesia  in  ceniente.  031. 

^^><£]tation,  301. 

variation,  301. 
Magneto-eleotHo  blasting,  052. 
Mahogany, 

strength,  450,  476,  067.  068. 

weight,  218. 
MaU 

cars.  865. 

eaHrings,  867. 
Man  power,  686. 
Mandrel,  defined,  1032. 
Manganese,  in  steel,  872. 
Mantissa,  logarithms,  70. 
Manufacture  of  iron  and  steel,  870. 
Manufacturers,  list  of,  006. 
Map.  to  reduce  or  enlarge — ,  160. 
Maple-wood, 

strength.  476,  067. 

weight,  213. 
Marble, 

cost,  602. 

expansion  by  heat,  317. 

strength,  476,  028. 

weight,  213. 
Mark. 

German—,  218,  246,  etc. 

Spanish—,  227. 
Masonry, 

in  abutments,  quantity,  623. 

adhesion  of  mortar  to — ,  026. 

inarches,  quantity,  622-628. 

and  concrete,  045. 

cost.  601,  088. 


1 


inclination  of — ,  603,  620. 

lead  between,  634,  021. 
dam,  433. 

foundations,  loads  on — ,  750. 
friction  of—,  411.  603,  620. 
incrustation  of — ,  020,  036. 
joints,    distribution    of    pressure 

on—,  400. 
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Masonry— continued. 

in  piers,  quantity,  628. 

quantity 
in  arches,  622-628. 
in  piers,  628. 
in  retaining  wails,  610. 
in  walls  of  wells,  198. 
in  wing-walls,  624. 

railroad — ,  cost,  856. 

in  retaining  walls,  603. 

strength,  compressiye — ,  923. 

weight.  213. 
Mass,  334,  336. 
Material,  Materials, 

fatigue,  465. 

particle,  358. 

point,  358. 

strength,  454. 

weight,  210,  etc. 
Mathematical  symbols,  33. 
Mathematics,  33. 
Matter,  defined,  330. 
Mattock,  defined,  1032. 
Maximum 

intensity  of  rainfall  at  points  in 
U.  S..  table,  323. 

and  min.  stresses  in  truss  mem- 
bers..712. 

pressure, 

angle,  etc.,  of — ,  607. 

velocity,  560. 
Mean, 

depth,  hydraulic—,  623,  564. 

haul,  801. 

proportional,  38. 

radius;  523,  564. 

of  ratio  and  proportion,  38. 

solar  time,  defined,  266. 

sun,  265. 

velocity,  622,  560. 
Means,  defined,  1032. 
Measure,  Measures,  216. 

apothecaries',  223,  224. 

circular —  of  angles,  34. 

circular —  of  wires,  889. 

commercial — ,  size  of — ^  by  weight 
of  water,  224. 

common — ,  35. 

conversion  tables,  228,  etc. 

cubic—,  222,  234. 

fluid—,  223,  224. 

long—,  220,  232. 

metric — ,    217,    226,    etc.,     228, 
etc. 

Russian — ^  227. 

Spanish — ,  227. 

square — ,  222,  233. 

weights,  etc.,  conversion  tables  of 
units  of — ,  228. 

wine — ,  223,  224. 
Measuring  weirs,  547,  646. 
Mechanics,  3.30. 

of  arch,  430-432. 

of  beam,  437,  etc.,  466,  etc. 

of  masonry  dam,  430,  433-436. 

of  trusses.  698.  etc. 
Melting  points,  317. 


Mercury, 

barometer,  312,  320. 

foot  of — ,  etc.  (pressure),  equivA* 
lents  of— ,  241. 

freezing-point,  318. 

thermometer,  318. 

weight,  213. 
Meridian, 

location  of — ,  284. 

of  longitude,  220,  221. 

variation  of  compass,  296,  301. 
Metacenter,  514. 

Metal,  Metals.    See  also  Iron,  and 
Steel. 

blasting  of—,  950. 

cohesive  strength,  920. 

compressibility,  459. 

compressive  strength,  921. 

ductility,  459. 

e£Fect  of  cement  on — ,  926,  936. 

effect  of  heat  on — ,  317,  819. 

effect  of  lime  on—,  926,  936. 

effect  of  mortar  on — ,  926,  936. 

effect  of  water  on — ^  327,  594. 

elastic  limit,  459. 

expansion  by  heat,  317,  819. 

limit  of  elasticity,  459. 

modulus  of  elasticity,  459.. 

preservation  of—  by  cement,  936. 

roof  trusses,  740. 

shearing  strength,  499. 

sheet—,  880,  881,  887,  916-919. 

strength,  454,  476,  499,  500,  920. 

stretch  of — ,  459. 
tensile  strength,  920. 
torsional  strength,  500. 
transverse  strength,  476. 
weight,  210,  etc..  etc. 
Meter, 
equivalents  of — ,  225,  233. 
Ferris-Pitot — ,  536. 
length,  217,  225,  233.  etc. 
Pitot— ,  536,  661,  562. 
radii,  etc.,  of  curves  in — ,  786. 
Venturi — ,  532,  etc. 
water — ,  649,  cost  and  mfrs.,  994. 
wheel,  662. 
Metric, 

atmosphere,  240,  320. 
horse-power,     equivalents    of — , 

245. 
horse-power    hour,     equivalents 

of—,  237. 
measures,  217,  225,  etc.,  228,  etc. 
railroad  curves,  tables,  786. 
screw     thread,     international — , 

883. 
ton,  equivalents  of — ,  236. 

weights.)  ^®  Metric  measures. 
Mica,  weight,  213. 
Middle 

ordinates,  180,  784,  786,  788,  817, 
840 

third,  402. 
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Mil. 

equiyalents  of — ,  232. 
Mile,  Miles, 

equivalents  of — ,  232. 

freight  ton-mile,  867. 

geographical — ,  220. 

perhour,  etc.,  equivalentsof— ,242. 

land  and  sea—,  220,  233. 

nautical—,  220. 

passenger — ,  867. 

sea—,  220. 

square —  (section),  222,  23a 

ton—,  867. 
Milligram, 

equivalents  of — ,  236. 
Milliliter,  equivalents  of — ,  235. 
Millimeter,  equivalents  of — ,  233. 
Mills,  floating—,  578. 
Miner's  friend  powder,  951. 
Miner's  inch,  546. 
Minim,  223,  224. 
Minimum 

and  wnATJimim  stresses  In  truss 
members,  712. 

sections,  722. 
Minute,  Minutes, 

in  decimals  of  a  degree,  05. 

equivalents  of — ^  236. 

of  time.  265. 
Mitred  jomts  for  rails,  819. 
Mitre-joint,  defined,  1032. 
Mixing  cement  for  briquettes,  038.* 
Mizar,  285,  287. 
Models, 

of  beams,strength  and  weight,  478. 

in  force  composition,  380. 
Modern  explosives,  948. 
Modified  logarithms,  72. 
Modulus.    See  Coefficient,  Strength. 

defined,  1032. 

of  elasticitv,  456,  450. 

of  flow,  540. 

of  resilience,  460. 

of  rupture,  468. 

section—,  467-8,  473.  892  to  898. 
Mogul  locomotives,  85o. 
Moisture, 

effect  of — , 

>    on  cement,  984. 
on  sound,  316. 
on  zinc,  917. 
Molded  concrete,  945. 
Molds  for  cement  briquettes,  939. 
Molecular  action,  358. 
Moment,  Moments,  360. 

in  arches,  424. 

in  beams,  440,  443. 

in  cantilevers,  440,  442. 

in  continuous  beams,  489. 

of  couple.  40^. 

defined.  360,  1032. 

diagrams,  479. 
trusses,  707. 

of  inertia,  351. 
in  beams,  468. 

influence  diagrams,  449. 

in  levers,  419. 


Moment,  Moments — continued. 

live  load—,  709. 

maximum  bending — ,  474. 

of  non-coplanar  forces,  381. 

resisting — ,  467. 

and   shear,    relation   between — ^ 
452. 

of  stabiUty,  422,  508,  614,  608. 

summation  of — ,  466. 

in  trusses,  440,  701. 
Momentum,  338,  845. 
Money,  218. 
Monkey-switch,  826. 
Mont  Cenis  tunnel,  812. 
Month,  civil — ,  sidereal — ,  synodic— v 

266. 
Morin's  laws  of  friction,  410. 
Mortar, 

adhesion  of— ^  926. 

in  arches,  616,  629,  633. 

bricks,  etc.,  925. 

cement — ,  931. 

clay,  effect  on—,  926,  935,  936. 

effect  on  iron,  770,  926.  036. 

effect  on  wood,  926. 

|nx>ut,  926. 

in  retaining  walls,  604. 

rubble—,  cost,  602. 

weight.     See    under  Masonry, 
213. 

salt,  effect  pn— ,  926,  936. 

sand  foi — ,  925,  926,  935,  936. 

strength,  tensile — ,  933. 

weight,  213,  926. 
Mortise,  defined,  1032. 
Motion,  331. 

circular — ,  351, 

quantity    of — ,    338. 

relative—,  331,  358. 
Mould.     See  Mold. 
Movable  bridges.  696. 
Moving  load.     See  Load,  live-*. 
Muck,  defined,  1032. 
Mud. 

penetrability,  593. 

in  reservoirs,  651. 

weight,  213,  581. 
Multiple,  common — ,  35. 
Multiples  and  factors,  35. 
Multiplication 

of  decimals,  37. 

of  fractions,  36. 

by  logarithms.  71. 
chart  or  slide  rule,  75. 
Muskrats.  651. 
Mjrriagram,  equivalents  of — ,  236. 

N. 

Nails, 

cost  and  mfrs.,  986. 

shingling.  971. 

slating,  970. 
Napierian  logarithms,  72. 
Narrow-gauge 

locomotives,  857. 
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Naamsrih  pUe-driver,  501. 
Natural 

cements,  030,  037,  040. 

logarithma,  72. 

sines,  07,  08. 

slope,  410,  6Q4.  606,  610. 
Nautical  mile,  220. 
Neat  cement  tests,  041. 
Needle, 

compass — ,  203,  200. 
variation  of — ,  301. 
Negative 

characteristics,  losarithms,  72. 

exponents,  logaritnmio  <^ftart,  76. 

numbers,  logarithms,  72. 
Net 

earnings  of  raUroads,  867. 

iron,  net  plate,  net  joint,  774. 

section  of  tension  members,  760. 

ton,  216. 
Neutral 

axis,  466. 

surface,  466. 
Newel,  defined,  1032. 
Niagara  cantilevM*.  606. 
Nicholson  hydrometer,  211. 
Nickel  steel,  872. 
Nicking  test,  762.  871. 
Nitro-glycenne,  048. 
Nonagon,  148. 
Non-concurrent  forces,  376. 
Non-coplanar  forces,  380. 
Normal  component,  370. 
North 

point,  etc.,  284. 

star,  286. 
Northing.  274. 
Number,  Numbers, 

and  equivalents  in  common  use, 
conversion  tables,  231. 

of  frog,  836,  840. 

prime — ,  36. 

by  wire  gage,  887-801. 
Numerus  logarithm!,  71. 
Nut,  Nuts,  883. 

locks,  821,  886. 

o. 

Oak, 

strength.  460,  476,  400,  067,  068. 

weight,  214. 
Oblique,  Obliques, 

lines,  02. 

pillars,  408. 

pressure,  372,  604,  607. 
Obstacles  in  surveying,  to 

281. 
Obstruction,  Obstructions, 

to  flow,  676. 

by  piers,  676. 

in  pipes,  to  prevent — ,  666. 
Octagon, 

area,  148. 

to  draw — ,  150. 
Octahedron,  104. 
Ogee,  defined,  1032. 


Oil,  Oils, 

coal —  (petroleimi),  weight,  214. 

olive — ,  416. 

weight,  214. 

wells,  nitro-glycerine,  048. 
Open  channels,  flow  in — ,  623,  660. 
Open    hearth   steel,    requirements, 

872. 
Openings, 

flow  through — ,  640-642. 
Ordinate,  Ordinates, 

defined,  1032. 

elliptic — ,  180. 

to  find—,  180. 

middle—,  180.  784r-780,  817,  840. 

parabolic — ,  102. 

tables,  784-780.  817,  840. 
Orifices,  flow  through — ,  630,  646. 
Oscillation,  center  of — t  361. 
Ounce,  220,  236. 

equivalents  of — ,  236. 

fluid—,  223,  224,  235. 
Outer  raiX  elevation  of — ,  787. 
Outflow,  velocity  of — ,  theoretical 

—,630. 
Outlet  valves,  663. 
Oval,  to  draw—,  101. 
Overfall 

dams,  642. 

discharge  over — ,  647. 

for  reservoir,  662. 
Overturning, 

effect  of  wind.  710. 

work  of—,  422. 

P. 

Packing, 

defined.  1032. 

of  eye-bars,  722. 

piece,  776. 
Pa^t,  Paints,  071. 

cost,  084. 

for  iron,  763,  072. 

on  sine,  880. 
Painting,  071. 

of  bridges,  763,  764. 
Panel,  Panels, 

diagonal  of — ,  to  find  length  of — ^ 
160. 

points,  602. 

reactions,  702. 

in  trusses,  602. 
Paper,  078. 
Parabola,  102,  108.     See  Parabolio. 

center  of  gravity,  304. 

to  draw — ,  103. 

ordinates,  102. 

semi — ,  cei^r  of  gravity  of — ^ 
304. 

tangent  to — ^  to  draw — ,  103. 
Parabolic 

arc,  102,  103. 

conoid,  200. 

frustum  of—,  200. 

curve.  102,  103. 

frustum,  102.     ^  , 
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Parabolic — continued. 

ordinates,  192. 

Bone,  192. 
Paraboloid.  209. 

center  of  gravity  of — ,  398. 

frustum,  209. 
Paradox,  hydrostatic — ,  601. 
ParaUel 

forces,  382,  514. 
couples,  404. 
deaned,  361. 
resultant  of — ,  382,  399. 

lines,  to  draw — ,  94. 

plates,  292. 
Parallelogram,   Parallelograms,    95, 
167. 

angles  in — ,  95. 

force—,  364. 
Parallelopiped,  195. 

force — ,  380. 
Parlor  cars,  865. 
Partial  contraction,  540,  544. 
Particle,  material—,  358. 
Partition,   thin — ,   now  through — , 

541. 
Passenger 

oars,  865. 

earnings,  865.  867. 

locomotives,  866^  etc. 

mile.  867. 
Paste,  lime—,  926. 
Patterns, 

weight  of  casting,  875. 
Paving, 

Belgian—.  602. 

brick—,  927. 

cost.  989. 
Payments,  equation  of — ,  42. 
P.  C,  P.  I.,  P.  T..  780. 
Pedestals,  bridge—,  721,  750. 
Pencils,  lead.  978. 
Pendulum,  Pendulums,  360. 

hydrometric,  661. 

seconds — ,  216,  361. 
Pennsylvama  R.  R. 

locomotives,  857,  859. 

track-tank.  863. 
Penstock,  defined,  1032.    See  Fore- 
bay. 
Pentagon,  148. 
Per,  Percentage,  etc.,  40. 

of  grade,  255. 

interest,  annuitiea,  40. 
Perch,  222. 

equivalents  of — ,  236. 
Percussion,  center  of — ,  351. 

drills,  676. 
Perimeter.    See  alao  Circumference, 

wet—,  523,   663. 
Permanent  way,  815. 
Permutation,  40. 
Perpendicular,  to  draw — ,  93. 
Perpetual  snow,  limit  of — ,  324. 
Persian  wheel,  687. 
Petroleum,  weight,  214. 
PhcBnix     segment-columns,      497, 

904.  912.  913. 


Phosphor  bronse, 

permissible  load,  762. 

re;<iuirements.  754. 

wire,  strength,  920. 
Phosphorus, 

in  steel,  753.  764.  872. 
Pi,  symbol  and  value,  34. 
Picks,  wear,  801. 
Pier,  Piers, 

abutment — .  619. 

foundations,  682. 

masonry,  quantity  in — ,  628. 

obstructions  by — ,  676,  etc. 

of  suspension  bridges,  768. 
Pierre  perdue,  683. 
Piesometer,  618. 
Pig  iron  ton,  216. 
P%,  Piles,  689;  etc. 

adhesion  of  ice,  694. 

bearing — ,  590. 

blasting  of—,  950. 

cost,  984. 

in  cylinders,  600. 

drivers,  690,  691,  687. 
gunpowder — ,  590. 
mfrs.,  992. 
steam — ,  691. 

driving.  690,  etc. 
by  jete,  695. 

factor  of  safety,  693. 

foimdations,  689,  etc. 

friction,  593. 

grillage,  690. 

head  for— ,  694. 

hollow—,  696. 

ice,  adhesion  to — ,  694. 

iron — I  694. 

{*et  driving,  596. 
oads  for — ,  592. 
resistance  of — ,  692. 
sand—,  699,  670. 
screw — ,  594. 
sheet—,  690. 
shoes  for — ,  593. 
sustaining  power,  692. 
water  jet  for  driving — ,  596. 
withdrawal,  694. 
Pillar.  Pillars,  496,  etc.,  901,  etc., 
907,  etc.,  963,  etc. 
of  angle-iron,  497,  912. 
capitals  of — .  shapes  of — ,  498. 
Caxnegte  Z-bar—,  901-903.     , 
of  channel-iron,  497,  912. 
ends  of — ,' shapes.  495.  498. 
factor  of  safety.  909,  912. 
Gordon's  formula,  495, 
hinged  ends,  495. 
of  I-beams,  497,  912. 
iron—,  495,  etc.,  760,  901-913. 

factor  of  safety,  909.  912. 
masonry — ,  strength,  923. 
oblique — ,  498. 

Phoenix  segment.  497.  904.  912. 
pin-ended — ,  495. 
radius  of  gyration,  496. 
with  rounded  ends,  495. 
safety  factor  of.—,  909.  912. 
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Pillar,  Pillars — continued, 
segment — .    See  Phoenix — . 
steel — .     See  Pillar,  iron — . 
strength—,  496, 760, 901-913, 963, 

T  iron—,  497,  912. 
wooden — ,  761,  764,  963,  etc. 
Z-bar—,  901-903. 
Pillow-block,  defined,  1032. 
Pin,  Pins, 

connections,  721,  724,   725,   747, 

762. 
-end  columns,  495. 
surveying — ,  282. 
Pine, 

pillars,  963,  etc. 

strength,  459,  476,  499,  957,  968, 

963. 
weight,  214. 
Pinions  and  wheels,  420. 
Pintle,  defined,  1032. 
Pipe,  Pipes, 
air-valves  for — ,  662. 
areas  and  contents — ,  197,  526. 
bends  in — ,  637. 
branches,  661. 
brass  and  seamless — ,  919. 
burstingof— ,.513,  663,   665,668. 

thickness      required      to    pre- 
vent—, 511,  513. 
bursting  pressure  in — ,  518. 
cast-iron—,  653.  658,  662.  876. 

cost  of —  and  laying.  668. 

weight,  656,  658,  876. 
cement  and  iron — ,  667. 
concretions   in — ,    to   prevent — , 

655. 
contents  and  areas,  197,  526. 
copper  seamless — ,  919. 
cost  of — ,  658. 
cost  of  laying — ,   658. 
cost  and  mfrs. — ,  994. 
couplings  for — ,  656,  660,  882. 
cracks  in — ,  661. 
curves  in — .  537. 
diameter   of — ,    624,     653,     654, 
656. 

actual    and    nominal — ,     526, 
882. 

for  water-supply,  653. 

square  roots  of — ,  526. 
discharge  from — ,  516,  522. 
drain — ,  575. 
drawn  brass — ,  919. 
ferrules  for — ,  664. 
flexible  joints  for — ,  661. 
•flow  in — .  516.  etc. 

Kutter's  formula.  623.  663,  564. 
galvanic  action  in — ,  656. 
galvanized — .  664. 
gates  for — .  666. 
putta-percha — ,  657. 
iron — . 

cast—.  653-656.  658-662,  876. 
weight,  656.  658,  876. 

and  cement.  657. 

fittings  for—,  661.  882. 


^  Pipe,  Pipes — continued, 
iron — ,  continued. 

joints  for — ,  660,  661,  882. 
flexible—,  661. 

laying—,  658,  etc.,  660. 
lead—,  664,  918. 

thicknesses  of — ,  513. 
material  of — ,  effect  on  velocity, 

623. 
to  mend—,  661. 
obstructions  in — ,  to  prevent — , 

656. 
pressure  of  water  in — ,  511,  SJS. 
seamless — ,  919. 
service — ,  657,  664,  918. 
sleeves  for — ,  661. 
stand—,  663. 
steam-,  882. 
stop-valves  for — ,  666. 
street — ,  653. 
tapping  of — ,  657,  664. 
terra-cotta — ,  576. 
thickness  required,  611,  613,  656. 
valves  for — ,  666. 
of   varying   diameter,    discharge 

through — ,  531. 
velocity  m — ,  522-624. 
water—,  663,  667,  876. 

cost  of —  and  laying,  658. 

freezing,   anti-bursting  device, 
665. 
weight,  666,  658,  876,  882. 

of  water  m — ,  625. 
wooden — ,  657. 
wrought  iron — ,  656,  657,  882. 

diam,    actual  and  nominal — , 
626.  882. 

weight,  666,  882. 
Pitch, 

defined,  1033. 

effect  of — ,  on  wind  pressure,  714. 
of  rivets,  776. 
of  roofs,  970. 
of  screw,  436. 
weight—,  214. 
Pitman,  defined.  1033. 
Pitot's  tube,  536.  561. 
Plane,  Planes.  148. 
of  couple.  404. 
of  flotation,  514. 
of  gravity,  389. 
inclined — . 

See  Inclined  Plane, 
of  moment.  360. 
surfaces,  148. 
trigonometry,  160. 
Plank, 

board  measure  table,  269. 

in  foundations.  682. 

sheet  piling,  690. 

thickness   for  a   given   preesure, 

586,  648. 
Plaster  of  Paris.  968. 
effect  on  metals,  936. 
price — ,  985. 
strength.  922,  923. 
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Plastering.  908. 
Plate,  Plates, 

bed—,  750. 

buckle—,  760,  886. 

fish—,  820. 

froK— ,  837. 

girders.  747. 

bracmg  in — ,  749. 
details,  728. 

idass— ,  974. 

iron — ,  prices,  986. 

net—,  774. 

parallel—,  292. 

resistance  of — ,  492. 

steel-,  tinned,  916. 

strength,  492. 

terne — ,  916. 

tie—,  816. 

tin— ,916. 

tinned  steel — ,  916. 
Platform, 

cars,  865. 

revolving — ,  850. 
Platinum,  214,  920. 
Plenum  process.  597. 
Plows,  cost  ana  mfrs.,  992. 
Plug,  fire—  (fire-hydrant),  669. 
Plumb  level,  to  adjust — ,  311. 
Plumbago  as  a  lubricant,  415. 
Plummet,  defined,  1033. 
Plunger,  defined,  1033. 
Plus,  33.  782. 
Pneumatic 

dome,  Hopkins' — ,  666. 

foundations,  596. 
Pocket  sextant,  297. 
Point,  Points, 

of  application  of  force,  333,  359. 

boiling—.  314,  326. 
levelling  by — ,  314. 

of  curve,  780. 

freezing — ,  326. 

frog—    835-843. 

of  intersection,  780. 

material — ,  358. 

melting — ,  317. 

position  of — ,  to  find — ,  156. 

switch — ,  828.  830. 

of  tangent,  780. 
Pointers — ,  astronomy,  285. 
Pointing  with  cement,  936. 
Polar  distance,  284. 

and    asimuth    of  Polaris,  table, 
290. 
Polaris,   285-290. 
Pole,  north—,  284. 
Polygon,  Polygons,  148. 

cord—,  377,  428. 

force—,  374.  377. 

irregular — ,  to  find  area  of — ,  160. 

to  reduce  to  a  triangle,  159. 

regular — ,  to  draw — ,  159. 
Polyhedron,  Polyhedrons,  regular — , 

194. 
Pond,  discharge  of — ^  time  required 

for—.  545. 
Pony  trusses,  692. 


Pood,  227. 

Poplar,  strength,  476,  957,  958. 

Porous  bodies,  specific  gravity,  211. 

Port,  establishment  of — ,  328. 

Portal  bracing,  691. 

Portland  cement,  930,  etc. 

Posts,  359.     See  also  Pillars. 

design   of — ,    722. 
timber  trusses,  733. 

fence—,  854. 

pivot —  in  turntables,  846. 

and  ties,  689. 
Potential  energy,  346. 
Pound 

equivalents  of — ,  235. 

Fahrenheit,  equivalents  of — ,  237. 

sterling,  value,  218. 

weight,  220. 
Pouring-clamps  for  pipe  joints,  660. 
Powder,  214,  953. 

Power,  Powers.     See  Steam,  Water, 
Wind,  Animal,  etc. 

animal — ,  685. 

defined,  342. 

fifth—,  67-69. 
sq.  rts.  of — ,  69. 

finding —  by  logarithmic    chart, 
76. 

finding —  by  lo^rithms,  71. 

finding —  by  shde  rule,  76. 

of  horse,  683,  685,  852.    See  also 
Horse-power. 

in  levers,  419. 

of  locomotives,  860,  861. 

man — ,  686. 

second  and  third — ,  tables.  55,  etc* 

tractive — ,  683. 

units  of — ,  conversion  of — ,  244. 
Pratt  truss,  692. 
Precipitation  (rainfall).  322. 

in  the  U.  S.,  table  of  details  of—, 
325. 
Present  worth,  41,  42,  44. 
Preservation 

of  metals  by  cement,  936. 

of  timber,  954. 
Press,  Presses, 

hydrostatic — ,  606. 
Pressed 

brick,  927. 

steel  cars,  865. 
Pressure.     See  Load. 

of  air,  320.  597. 

in  arches,  614,  616. 

of  atmosphere,  320. 

barometer — ,  320. 
levelling  by — ,  312. 

center  of—,   399,   501,   506,  514. 

on  centers  of  arches,  633. 

in  dams.  648. 

dbtribution  of — ,  400. 

of  earth,  603,  607. 

on  foundations,  583. 

head,  258.  518. 

hydrostatic—.  501,  etc. 

on  inclined  planes,  349. 

line  of—,  430,  etc. 
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Pressure — continued . 

maximum — , 

angle,  prism,  slope  of — ,  607. 

in  pipes,  511,  618. 

plate,  Gauthey's,  561. 

in  reservoirs,  651. 

on  retaining  walls.  603,  607. 

of  running  streams,  578. 

of  running  water  in  pipes,  518. 

steam  cyhnder — ,  861. 

transmission  of —  through  liquids, 
606. 

unit — ,  conversion  of — ,  240. 

of  water,  501,  etc.,  516,  etc. 
in  cylinders,  511. 
in  pipes,  511,  518. 
plank  to  resist — .  586,  648. 
running,  518,  578. 
waUs  to  resist — ^  508. 

of  wind,  321. 

on  roof  trusses,  714. 
Price  list,  983. 
Prime, 

defined,  1033. 

number,  36. 
Principal,  in  interest,  41. 
Printing,  blue—,  979. 
Prints, 

black-line — ,  982. 

blue—.  979. 
Prism,  Prisms,  195. 

center  pf  gravity  of — ,  395. 

frustums  of — ,  195. 

center  of  gravity  of — ,  396. 

of  max,  pressure,  607. 
Prismoid,  202. 
Prismoidal  formula,  202. 
Profile.  Profiles,  304. 

paper,  978. 

transformation  of — .  611. 
Pro^p-ession,  39. 
Projection,  defined,  1033. 
Proportion, 

by  logarithms,  71. 

and  ratio,  38. 
Proportionals,  38. 
Protection  of  bridges.  763.  764. 
Protracting  by  chords,  143. 
Puddle, 

defined,  1033. 

walls.  651. 
Pug-mill,  defined.  1033. 
Pun 

and  push,  359. 

on  tapes,  surveying,  282. 
Pulley,  428. 
Pump,  Pumps,  852. 

chain—.  687. 

cost  and  mfrs.,  991. 

day's  work  at—.  686,  852. 

sand—,  599,  670. 
Purlins,  713. 

defined,   1083. 
Push  and  pull.  359. 
Puzzolan  cement.  940. 
Pyramid,  Pyramids,  200. 

frustum  of—,  201. 


Rabbet,  defined.  1033. 
Race,  defined.  1033. 
Rack-a-rock,  951. 
Radii,  Radius, 

to  find—,  161,  179. 
of  gyration.  352.  353,  496,  496i 
892,  etc. 

square  of — ,  496. 
mean,  623,  664. 
of  railroad  curves,  784-786. 
of  turnouts,  840. 
RaU,  Rails,  817. 

bending — ,  ordinates  for — ,  817. 
cost  and  mfrs.,  994. 
creeping  of — ,  819,  820. 
elevation  of  outer — ,  787. 
expansion  by  heat,  317,  819. 
fence — ,  854. 
frog,  835. 
guard  or  guide—,  750,  828,  833, 

836. 
joints,  819. 

ordinates  for  bending — .    817. 
outer — , 

elevation  of — .  787. 
roads,  780-869. 

acres  required  for — ,  254. 

ballast,  815. 

bridges.      See    Bridge,    Truss, 
Arch,  etc. 

construction,  866. 

cost,  866. 

cross-ties,  815. 

resistance  on — ,  417. 

roadway,  815. 

shops,  cost,  860. 

slopes,  256-267. 

spikes,  818. 

switch,  824. 

ties,  815. 

time,  standard — ^  267. 

track  tank,  853. 

traction  on — f  860. 

turnout,  824. 

water  stations,  861. 
safety—,  833. 
steel — ,  requirements,  872. 
stock-,  828. 
switch-length.  830. 
way.     See  Railroad. 
Rain,  322. 
fall,  322. 

depths,  equiv.  volumes,  260. 

equivalent  of  snow,  324. 
gages.  324. 

reaching  sewer,  rate,  676. 
and  snow.  322. 
water,  327. 
Rainy  days,  table  of  average  num* 

ber  of—.  326. 
Ram,  Rams, 

hydraulic — .  678. 

cost  and  mfrs.,  991. 

water—,  513.  663.  668. 

Ramming  concrete,  945.  t 
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Random  stone,  583. 

defined,  1033. 
Ratio. 

elastic — ,  458,  461. 

and  proportion.  38. 
Reaction,  333. 

end—,  360,  439. 

in  trusses,  69fll>  702,  714. 

of  fibers,  466. 

of  soils,  elastic — ,  593. 
Reaumur  thermometer,  318. 
Recii>rocal,  Reciprocals,  48-53. 

or  inveree  proportion,  39. 
,on  logarithmic  chart,  76. 

by  logarithms,  71. 

by  slide  rule,  77. 
Rectangle,  Rectangles,  157. 
Rectangular 

components,  369. 

plates,  strength  of — ,  492. 
Recurring  decimals,  38. 
Reduction 

of  area.  762,  754,  873. 

of  figures.  160. 
Redundant  members,  720. 
Reflection,  to  measure  heights  by — , 

155. 
Refraction   and    curvature   tables, 

153. 
Regular  figures,  148. 
Resrular  solids,  194. 
Regulation  of  time-pieces  by  the 

stars,  266. 
Reinforcing  plates,  724,  747. 
Relative  density.  210. 
Renewal  of  bnoges,  743. 
Repair,  Repairs, 

of  bubble-tube,  296. 

of  oars,  865. 

of  cross-hairs,  296. 

of  pipe,  661. 

in  jeservoiif,  652. 

of  road,  801. 

of  rolling  stock,  865. 
Repeating  decimals,  38. 
Reservoir,  Reservoirs.  650. 

evai>oration  from — ,  329. 

for  railroads.  852. 
Resilience,  460. 
Resistance 

of  cars,  417. 

to  flow,  523,  537,  563. 

of  foundations,  583,  592. 

on  grades,  860. 

line,  430.  432.  434-436. 

of  piles,  592. 

of  plates,  492. 

on  railroads,  417. 
Resolutes.  369. 

Resolution  of  forces,  362,  etc. 
Rest,  relative — ,  858. 
Resultant, 

of  forces,  362. 

line  of—,  430,  432. 

of  moments,  360. 

of  parallel  forces,  382,  399. 

sense  of—,  366. 


Retaining  walls,  603. 

masonry  in — ,  quantity  of — ,  610^ 
612. 

surcharged,  605. 

theorv  of,  606. 

transformation  of  profile,  611. 
Reverse  bearing.  277. 
Revetment,  612. 

defined.   1034. 
Revolving  bodies,  351. 
Rhomb,  157;  195. 
Rhombic  pnsm,  195. 
Rhombohedron,  195. 
Rhomboid.   157. 
Rhombus,  157. 
Rhumb-line.  277. 
Ridge-pole,  defined.  1034. 
Right  angle,  to  draw,  93. 
Rigid  bodies, 

force  in — .  330.  858. 
Rigidity  in  bridges,  721. 
Ring,  Rings,  oircular,  186,  209. 
Rip-rap.  583. 

defined.  1034. 
Rise  of  arch,  613. 
River,  Rivers.  See  Water.  Rain,  etc 

dams,  642. 

flow  in—,  660. 

scour  of — .  677. 
Rivet.  Rivets,  772. 

stresses  in — ,  permissible — ,  762. 
Riveted 

connections.  721. 

jointa,  749,  772. 
Road,  Roads, 

cart — ,  repairs.  801. 

grade.  266.  683. 
tables,  266-267. 

maintenance,  80 1 . 

rail — .    See  Railroad. 

rollers,  mfrs.  of — ,  992. 

traction  on — ,  683. 

-way,  acres  required  for — »  264. 
drainage  of — .  in  arches,  628. 
Rock,  Rocks, 

blasting,  948,  etc. 

broken,  voids  in — ^  688,  810,  943. 

channeling,  681. 

crushers,  cost  and  mfrs.  of — ,  992. 

drill.  600. 
hand — .  681. 
machine — ,  675. 

removal.  810,  811. 

weieht,  212,  etc. 

work  in  tunnels.  812. 
Rocker  bearings,  725,  730. 
Rod,  Rods, 

of  brickwork,  928. 

cost  and  mfrs..  993. 

equivalents  of — .  232. 

upset—.  886. 
Rolled  iron.    See  Iron,  wrought—, 
and  Steel. 

cost  and  mfrs.,  986. 
Roller,  Rollers, 

anti-friction—.  417,  751.  846, 
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Rolling 

friction,  414. 

lift  bridges,  697. 

load.  See  Load,  live — . 

stock,  856,  865,  867. 
resistance  of — ,  417. 
Roof,  Roofs, 

acid  fumes  on — ,  880,  970. 

copper — ,  918. 

iron  for—,  880. 

lead—   918. 

leak  in — ,  to  stop — ,  971.  973. 

painting,  764,  880,  972. 

pitch  of—,  916,  970. 

sheet-iron — ,  880. 

shingle—,   971. 

slate — ,  weight,  970. 

tin—,  916. 

trusses,  698,  713.     See  Truss, 
loads  on — ,  764. 
metal—,  740. 
specifications  for — ,  764. 

wind  on—,  321,  713. 

tine — ,  916. 
Roofing, 

cost  of — ,  989. 
Root,  Roots, 

cube  and  square — .  tables,  54. 

of  decimals,  to  find — ,  67. 

fifth—  67,  68. 

finding —  by  logarithmic  chart,  76. 

finding —  by  logarithms,  71. 

finding —  by  slide  rule,  76. 

of  large  numbers,  to  calculate—, 
66. 

square — ,  tables,  54. 
of  diameters,  526. 
of  fifth  powers,  69. 
Rope,  Ropes,  975. 

cost  and  mfrs.,  987. 

strength,  922,  975. 

wire—.  976,  977. 
Rosendale  cement,  931. 
Rosin,  weight,  214. 
Rot,  dry-,  954. 
Rotary 

drills,  675. 

motion,  .351. 
Rotating  bodies,  351. 
Rotundity  of  the  earth,  153. 
Rough  casting,  973. 
Roughness, 

coefficients  of — ,  523,  564,  565. 
Rubble, 

adhesion  to  mortar,  926. 

arches,  616. 

cost,  602, 

defined,   1034. 

proportion  of  mortar  in — ,  213. 

retaining  walls,  610. 

strength,  923. 

voids  in — ,  688,  799. 

weight,  213. 
Rule,  Rules, 

of  three,  39. 

two-foot — ,    to    measure    angles 
bv— .  96. 


Run-oflf,  equivalents  of — ,  251,  252. 
Rupture,  modulus  of — ,  468. 
Russian     weights     and     measures, 

227. 
RQtger's  process,  955. 


s. 

Sachine,  227. 
Safety, 

castings,  824,  833. 
factor  of — , 
for  beams,  959. 
for  piles,  593. 

for  pUlars.  495,  909,  912,  913. 
for  retaining  walls,  605. 
for  suspension  bridges,  767. 
rail,  833. 
Sag, 

of  tape,  correction  for — ,  282. 
in  trusses,  718. 
Salt, 
effect  of —  on  mortar,  926,  936. 

effect  of —  on  iron,  327,  594. 
weight,  326. 

weight,  214. 
Sand. 

augers,  670. 

blasting  of — ,  950. 

cement,  937. 

in  cement,  effect,  931,  etc. 

for  cement,  quantity,  935. 

for  centers,  striking,  633. 

in  concrete,  943,  etc. 

cost,  985. 

dredging,  580. 

effect  of-—  in  cement,  932,  etc. 

excavating  in—,  800. 

for  foundations,  582. 

natural  slope,  419,  610. 

penetrabilitv,  593. 

piles,  599,  670. 

in  plaster,  968. 

pressure,  603. 

price  of — ,  985. 

pump,  599,  670. 

required  in  mortars,  931. 

retaining  walls  for — ,  603. 

slope  of — ,  natural — ,  419,  610. 

specific  gravity,  211,  214. 

stone,  expansion  by  heat,  317. 
strength.  476,  922,  923. 
weight,  214. 

sustaining  power.  583,  593. 

voids  in — ,  214.  935. 

weight,  211,  214. 
Sandage.  216. 
Sap,  954. 

Scabble,  defined.  1034. 
Scale,  Scales,  track — ,  854. 
Scantling,  defined,  1034. 
Scour  of  streams,  577. 
Scrapers, 

cost  and  mfrs.,  992. 
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Soreedinff,  968. 
Screw,  Screws,  436. 

Archimedes,   687. 

cylinders,  594. 

leveUing— ,  292,  307. 

piles,    594. 

standard  dimensions,  883. 

for  striking  centers,  633. 

thread,  metric — ,  883. 
Scribe,  defined,  1034. 
Sea, 

mile,  220. 

tides,  328. 

water.  326,  328.  594. 

worms,  954. 
Seamless, 

pipes  and  tubes,  919. 
Seasoning,  954. 
Secant,  97. 
Second,   Seconds. 

in  decimal  of  a  degree,  95. 

equivalents  of — ,  236. 

to  estimate — ,  266. 

pendulum,  216. 

of  time,  defined,  265. 
Section, 

equivalents  of — ,  222,  233. 

of  land,  area,  222,  233. 

of  members,  minimum — ,  722. 
in  timber  trusses,  733. 

method  by — ,  stresses  in  trusses, 
700. 

modulus,  467,  468.  473,  892,  894, 
896,  898. 

net —  in  tension  members,  759. 
Sector, 

center  of  gravity,  393. 

circular,  186. 

spherical — ,    center    of    gravity, 
396. 
Secular  magnetic  variation,  301. 
Sediment  in  reservoirs,  651. 
Segment,  Segments, 

circular—,    186,    187,   394. 

columns,    Phcenix — ,    497,     904, 
912.  913. 

spherical — ,  208. 

center  of  gravity,  395. 
Sellers'     standard    dimensions     of 

bolts,  etc..  883. 
Semi- 
circle,  center  of  gravity,   391. 

parabola,      center     of      gravity, 
394. 
Sense, 

of  force,  359. 

of  moment,  360. 

of  resultant,  366. 
Separators  for  I-beams,  900. 
Series,   arithmetical  and  geometri- 
cal—, 39. 
Service  pipe,  657,  664.  918. 
Set-screw,  defined,  1034. 
Setting 

of  cement,  930,  etc. 
Settling 

of  arch,  432. 


Settling — continued, 
of  backing,  604. 
of  centers.  633,  640. 
of  embankment,  799. 
Sewer,  Sewers, 
cost,  989. 
flow  in — ,  574. 

Kutter's  formula,  523,  563,  564. 
rain   water,   rate   of  reaching — , 

575. 
.  velocities  in — ,  574,  575. 
Sextant, 

angles  measured  by — ,  152. 
box  or  pocket — ,  297. 
center  of  gravity  of — ,  393. 
Shackle,    defined.    1034. 
Shadows,    equal —  from    the    sim, 

location  of  meridian  by — ,  288. 
Shaft. 

revolving — ,  longitudinal  friction, 

419. 
of  tunnel.  812. 
Shafting. 

friction.  416. 
strength,  600. 
Shale,  weight — .  214. 
Shapes,   structural — ,    tables,    892- 
898. 
T— .   898. 
Sharpening  tools,  cost,  801. 
Shear.  Shears, 
in  beams,  446. 
in  continuous  beams,  489. 
defined,   1034. 
diagrams.    479. 

trusses.  702,  706. 
double  and  single — ,  499,  774. 
horizontal —  in  beams,  478. 
influence     diagrams     for — ,      in 

beams,  450. 
and  moments,  relation  between — , 

452. 
in  trusses,  702. 
web  stresses,  706. 
Shearing. 

of  rivets,  774. 
strength,  499. 

of  cements,  934. 
stresses,  permissible — ,  762. 
in  timber  construction,  732. 
Sheet,  Sheets, 
copper — ,  918. 
iron—,  880. 

corrugated — ,  880. 
galvanized — ,  880. 
roof,  880. 

and  steel,  cost  and  mfrs.,   986 
lead,  918. 

metals,  thickness,  887-890. 
piles.  590. 
zinc.  916. 
Sheeting  of  centers.  631,  etc.,  639. 
Shell. 

-lime.  926. 
spherical — ,  208. 
weight,  875.  877. 
Shilling,  value,  218. 
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Shoes, 

bridge—.  721. 

for  piles.  503. 
Shops,  railroad — ,  cost.  850. 
Shore,  defined,  1034. 
Short  ton,  216. 
Shoveling  earth,  800. 
Shovels,  wear  of — ,  801. 
Shrinkage  of  embankment,  709. 
Sidereal,   day,   month,   time,   year, 

266. 
Sieves,  for  cement  tests,  038. 
Signal  target,  826,  820,  833. 
Silica  cement,  937. 
Silicate  of  alumina,  030. 
Silver, 

coins,  etc.,  218. 

strength,  920. 

weight.  214,  219. 
Similarity,  geometrical — ,  92. 
Simple  interest,  41. 
Sine,  Sines,  97. 

logarithmic—,  72. 

natural — ,  defined,  07. 
table,  98. 

by  slide  rule,  77. 
Sin|;le 

riveting.  772. 

rule  of  three,  39. 

shear,  499,  774. 
Sinking  fund,  43. 
Siphon,   520. 
Skew 

back,  613. 
defined,  1034. 

bridge,  697. 
Skidding  of  wheels,  413. 
backing  of  lime.  025,  026,  030. 
Slag  cement,  940. 
Slaking.  925.  926.  930. 
Slate.  969. 

compressibility,  etc.,  459. 

expansion  by  heat.  317. 

roofs,  weight,  970. 

strength. 

compressive — ,  923. 
tensile—,  922. 
transverse — ,  476. 

weight,  214. 
Sleeping  cars,  865. 
Sleeves  for  pipes,  661. 
Slide  rule.  73. 
Slope,  Slopes, 

angle  of — ,  255,  256. 

description  of — ,  255,  256. 

earthwork,  description  of — .  266. 

hydraulic—.  523.  564. 

instrument,  256.  311. 

Kutter's  formula,  523,  563,  564. 

of  maximum  pressure.  607. 

natural—.  419,  604,  606,  610. 

railroad—,  255,  256. 

structures  built  upon — ,  424. 

tables.  255-257. 

of  tapes  and  chains,  oorreotion* 
for—,  283. 


Slope.  Slopes — continued. 

in  tunnels.  812. 
Sloping  weirs.  558. 
Sluice,  defined.  1035. 
Sluices  in  dams,  645. 
Snow.  214,  323. 

load.  713. 

rainfall  equivalent,  324. 
Soakage,  loss  by—.  329.  561,  651. 
Soap, 

as  a  lubricant,  415. 

stone,  weight,  214. 

wash  for  walls,  928. 
Soffit,  defined,  613,  1035. 
Soil,  SoilSj 

boring  in — ,  670. 

dredging  in — ,  580. 

excavation  of — ,  800. 

leakage  through—,  329,  561,  651. 

penetrability,  593. 

pressure  of — ,  603. 

reaction  of — ,  elastic — ,  593. 

scour,  577. 

sustaining  power  of — ,  583,  592. 

weight,  212.    See  under  Earth. 
Solar  time,  mean  and  apparent^-, 

265. 
Solid,  Solids,  194. 

center  of  gravity,  396. 

defined/  92. 

expansion  by  heat,  317. 

floors,  721,  750,  914. 

measure,  222,  234. 
metric—  225.  234. 

mensuration  of — ,  194. 

specific  gravity,  210. 

surface  of — , 

center  of  gravity,  395. 
Sound,  316. 

Soundness  of  cement,  940. 
Southing.  274. 
Sovereign,  218. 
Span,  613,  759. 
Spandrel,  618-618. 

defined,  1035. 
Spanish    weights    and    measures, 

227. 
Spanner,  defined,  1085. 
Specific  fi^avity.  210,  eto. 
Specifications; 

for  bridges  and  buildings,  745. 

for  combination  bridges,  763. 

for  iron  and  steel.  870. 

for  roof  trusses,  steel  framework 
and  building.  764. 

for  wooden  bridges.  763. 
Speed.  Speeds. 

of  teams.  801.  806. 

of  trains,  to  estimate — ,  866. 
Spelter.    See  Zinc. 
Sphere.    Spheres.      See    Spherical, 
204.  205,  222,  396,  876, 877,  918. 

volume  of—,  222. 
Spherical 

sector,  center  of  gravity,  $06. 

segment,  208. 
center  of  gravity,  ^SS]e 
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Spherleal — oontinusd . 

shell,  208.  875,  877. 

lone,    208. 
center  of  gravity,  396. 
Sphericity  of  the  earth,  153. 
Spheroid,  208. 

center  of  gravity,  396. 
Si>igot.  defined,  1035. 

in  pipe  joint,  660. 
Spikes.  818. 
Spindle, 

circulaf— ,  209. 

torsional  stress  in — ,  500. 
Splice  bars,  requirements,  872. 
Splice,  timber — ,  736. 
Split  switch,  828^830. 
Spreading  of  earth,  801. 
Spring,  Springs, 

of  arch,  613. 

in  foundations,  583. 

frog,  838. 
Spruce, 

strength,    459,     476,    499,    957, 
958. 

weight,  214. 
Spudding,  672. 
Spur-wheel,  defined,  1035. 
Square,  Squares.    See  also  Powers. 

area,  157. 

equivalents  of —  in  circles,  161. 

center  of  gravity,  391. 

measure.  222,  233. 
conversion  table,  233. 
metric — ,  225. 

mensuration  of — ,  157. 

of  radius  of  gyration,  496. 

of  roofing.  970,  1035. 

roots,  54. 

of  decimals,  to  find — ,  67. 

of  diameters,  526. 

of  fifth  powers,  69. 

of  large  numbers,  to  calculate 

— ,  66. 
tables,  54. 

sides  of—,  157,  161. 

tables  of — ,  55. 
StabUity,  422,  514. 

of  arches,  430,  482,  620. 

of  dams,  433,  510. 

frictional — ,  409. 

on  inclined  planes,  424. 

of  retaining  walls,  603. 
Stable  equilibrium.  387,  514. 
Stadia  hairs,  293. 
Stand,  switch—,  826. 
Stand  pipes,  663. 

for  railroad  water-ertation,  852. 

for  water-works,  663. 
Standard 

railway  time,  267. 

wheel  loads,  705,  etc.,  755,  etc. 
Starlings,  defined,  1035. 
Stars,  to   regulate    a    watch,  etc., 

by—.  266. 
Static  friction,  407. 
Statics,  330,  358. 

of  arch,  430,  432. 


Statics — continued. 

of  beam,  437,  etc.,  466,  etc. 

graphic—.  428-431,  435. 

of  masonry  dam,  430,  433-436. 

of  trusses,  698,  etc. 
Station,  Stations, 

in  surveys,  309. 

water—,   851. 

way — ,  cost,  854. 
Stationary  engines,  cost  and  mfra. 

Stays,  'cable,  766. 
Steam, 

dredges,  580. 
engines, 

locomotives,  856. 

pumps — ,  852. 
excavator,  808. 
pile  drivers,  590,  591. 
pipes,  882. 
rock-drill,   675. 
Steel, 

angles,  896,  898. 

beams,  476,  892. 

bending  tests,  873^ 

in  bridges,  requirements,  751. 

cars,  865. 

castinfl^  in  bridges,  754. 

requirements,  872. 
channels,  894. 
cohesive  strength  of — ,  920. 
columns.  See  Pillars,  iron — . 
composition  of — ,  753,  872. 
compressibility,  459. 
compressive  strength,  921. 
cost  and  mfrs.,  986. 
ductility,  459. 
elastic  am  it,  459. 
expansion  by  heat,  317. 
foTgings,  requirements,  872. 
framework,  specifications,  764. 
friction,  411. 
I-beams,  892. 
manipulation,  751. 
manufacture,  751,  870. 
modulus  of  elasticity,  459. 
open  hearth — .  requirements,  872. 
pillars.    See  Pillars,  iron — . 
plates,  tinned,  916. 
price,  986. 

rails,  frogs  of — ,  835. 
requirements.  751,  872. 
roof  trusses,  740. 
rope,  976,  977. 
shearing  strength,  499. 
shop  work  on — ,  751. 
specifications,  870. 
strength,  476,  499,  500,  870,  920. 

921. 
stresses  in — ,  permissible — ,  760. 
stretch,   459. 

structural — ,  requirements,  872. 
tensile  strength,  920. 
tests,  bending — ,  873. 
torsional  strength,  500. 
transverse  strength,  476. 
weight,  214,  877,^78. 
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Steel — continued. 

wire,  891. 

rope,  976,  977. 

yard,   383. 
Stere,  equivalents  of — ,  235. 
Stiffeners,   748. 
Sti£Fness  in  bridges,  721. 
Stirrups,  timber  framing,  734. 
Stock  rails,  828. 
Stone,  Stones, 

arch — ,    613. 

in  arches,  quantity,  622. 

artificial—.  943. 

ballast,  815,  855. 

beams,  476,  924. 

bridges,  613. 

centers  for — ,  631. 

broken — ,  voids  in — ,  688,  943. 

cohesive  strength,  922. 

compressive  strength.  923. 

cost,  985. 

crushers,  943. 

cutter's  day's  work,  601. 

dams.  400,  etc.,    430.   etc.,   433, 
etc.,  508,  510. 

dressing,  601. 

drilling,  600. 

expansion  by  heat,  317. 

friction,  411. 

key—   613. 

quantity    of — ,   in    arches,    etc., 
622. 

quarrying,  600.  601. 

random — ,  683. 

strength.  476,  922.  923. 

tensile  strength,  922. 

transverse  strength,  476. 

weight,  212,  etc. 

work,  600,  809. 

mortar  required  for — ,  931. 
strength,  923. 
weight,  213. 
Stop,  Stops, 

corporation —  for  pipes,  657,  664. 

valves  for  water  pipes.  666. 
Storage  reservoirs,  652. 
8tove-up,  defined.  1035. 
Strain,  Strains.  454.  455. 
Straps,  timber  framing,  735. 
Stratum,  defined,  1035. 
Stream,  Streams, 

abrasion  by — ,  677,  678. 

flow  in — ,  560. 

-flow  and   precipitation,  relation 
between — .  323. 

to  gauge — .  560. 

horse-power  of — ,  678. 

pressure  of  running — ,  578. 

scour  of — ,  577.  578. 

virtual  head,  578. 
Strength,      Strengths.        See     also 
article  in  question. 

of  arches,  368.  430,  etc.,  613. 

of  beams,  466.  473,  476,  478,  892. 

of  cast  iron,  874. 

of  cement.  932.  etc. 

tests  for—,  939,  940,  etc. 


Strength,  Strengths — continued. 

of  chains,  915. 

of  channels,  894. 

cohesive—,  454,  920,  922,  957. 

compressive—,  454,  921,  923,  958. 

of  concrete,  944. 

of  cylinders,  511. 

of  iron,  476,  499,   500.  870.   907. 
etc.,  920. 

of  materials,  454. 

of  piles,  592. 

of    pillars,     495,   etc.,   901,   etc., 
€07,  etc.,  963,  etc. 

of  plates,  492. 

of  retaining  walls,  603. 

of  riveted  joints,  772,  etc. 

of  shafting,  500. 

shearing — ,  499. 

of  steel,  476.  499,  500,   870,  920, 
etc. 

tensile—,  454,  920,  922,  957. 

of    timber,    476,  499,    500,    764. 
957,  958. 

torsional — ,  499. 

transverse—,  466,  473.  476.  478, 
892. 

uniform — ,     beams     and     canti- 
levers of — ,  486. 

of  wood,  476,  499,  500,  764,  957, 
958. 
Stress,  Stresses,  359,  454,  etc. 

alternating — ,  761. 

bearing — ,  permissible — ,  762. 

bending —  in  bridge  members,  per- 
missible— ,  762. 

in  bridges,   permissible — .  759. 

combined  longitudinal  and  trans- 
verse—. 493,  724,  762. 

components,  371. 

compound — ,  493,  724,  762. 

fiber—.  466,  467,  etc. 
and  deflection,  481. 
permissible — ,  762. 

in  bridge  trusses.  759,  764. 
in  roof  trusses.  764. 

range  of — ,  465. 

repeated — ,  465. 

shearing — ,  permissible — ,  762. 

in  truss  members,  698. 

in  trusses,  graphic  method,  703. 

unit — ,    456.      See   also    Stress, 
fiber — . 
in  beams,  467. 

wind —  in  bridges,  710,  758. 
Stretch. 

of  materials,  459. 

of  tape,  correction  for — ,   282. 

of  truss  members,  718. 

unit—,  456. 
Stretcher,  defined,  1036. 
Strike,  defined,  1035. 
Striking  of  centers,  631.  633.  640. 
Stringers, 

in  trusses,  713,  720,  749. 
Structural 

shapes,  tables,  892,  etc..  986. 

steel,  872.       ^  » 
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Btmtr— Tensile. 


Strut.  Struts.  689. 

design,  tniases,  722.  733. 

and  ties,  •riterion  for — ,  359,  699. 
Stub  switch.  824.  825. 
Stubs  gauee,  890. 
Stucco.  968. 

Stuffing  box.  defined,  1036. 
Stumps, 

blasting  of—,  950. 
Sub-delivery, 

cost.  855. 
Submerged  weirs,  554. 
Subterranean  temperature,  320. 
Subtraction  of  fractions,  36. 
Sub-verticals,  694. 
Suddenly  applied  loads,  460,  486. 
Sulphur, 

in  steel,  753,  872. 

weight,  214. 
Summation 

of  deflections  in  trusses,  720. 

of  forces,  466. 
Sump,  defined,  1036. 
Sun, 

dial,  to  make—,  268. 

equal  shadows  from — ,   location 
of  meridian  by — ,  288. 

mean — ,  265. 
Superelevation,  787. 
Supplement  of  angle.  94. 
Supported  joints,  819. 
Surcharged  walls,  605,  .609. 
Surface.  Surfaces, 

neutral — ,  466. 

per  length, 

conversion  of — ,  238. 

pressure  of  water  against — ,  501, 
etc. 

units  of — , 

conversion  of — ,  233,  238. 

velocity,  560. 
Surveying,  274. 
Suspended  joints,  819. 
Suspender, 

hip — ,  stress  in — ,  709. 
Suspenders  of  suspension   bridges, 

770. 
Suspension  bridges,  765. 
Swage,  defined,  1036. 
Sway  bracing,  691,  710,  749. 
Swing  bridges.  696. 
Switch,  Switches,  824. 
Swivels,  defined,  1036. 
Sycamore, 

strength,  459,  476,  957,  968. 

weight,  214. 
Symbols, 

mathematical — ,  33. 
Symmetry, 

axis  of — ,  514. 
Synclinal  axis,  defined,  1036. 
Synodic  month,  266. 
Syphon,  520. 
System,  metric — ,  225. 
Syst^me. 

ancien,  226. 

usuel.  226. 

68 


T. 


T,  Ts, 

defined,  1036. 
iron,  896,  898,  912. 
rails,  817. 

shapes,  896,  898,  912. 
Table,  Tables.     See  the  article  in 
question, 
conversion —  of  units  of  measures, 

weights,  etc.,  228. 
turn—,  844. 
Tackle,  defined,  1036. 
Tallow,  214,-415. 
Talus,  612. 
Tamp,  defined,  1036. 
Tamping,  nitro-glycerine,  948. 
Tangent,   Tangents,   97,   98. 
to  circles,  to  draw — ,  162. 
to  an  ellipse,  to  draw — ,  190. 
logarithmic — ,  72. 
natural — ,  97,  98. 
to  a  parabola,  to  draw — ,  193. 
screw,  293,  307. 
by  slide  rule,  77. 
Tangential 

angles,  table,  784-786. 
comi>onent,  369. 
distance,  table,  784-786. 
Tank, 

of  tender,  capacity,  856,  860. 
thickness,  506,  854. 
track—,  853. 
water—,   851,  856,  860. 
Tapes, 

surveying — ,  282. 
cost  and  mfrs.,  993. 
Tapping, 

of  pipes,  657,  664. 
of  trees,  effect  on  timber,  957. 
Tar,  weight,  214. 
Target,   signal—,   826,   829,  833. 
Tarpaulin,  946. 
Teams,  speed  of—,  801,  806. 
Temperature.     See  Heat,  317. 
of  air,  320. 

altitude,  effect  on — ,  320. 
corrections  for  tapes,  283. 
effect  of —  on 
cement,  932. 
evaporation,  329. 
metals,  etc.,  317. 
rails,  317,  819. 
strength  of  iron,  874. 
surveying  chains,  274,  283. 
velocity  of  sound,  316. 
weight  of  water,  326. 
subterranean — ,  320. 
thermometers.  318. 
Templet,  defined,  1036. 
Tender,  Tenders,  853,  856. 

scoop,  853. 
Tensile 

strength,  454,  920,  922,  932.  957. 
of  cement,  932,  etc.,  939. 
of  chains.  915. 
of  riveted  joints.  772.  etc. 
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Tension, 

and  compression,  359. 

members,  722,  732,746. 
flexible  and  rigid — ,  721. 
net  section,  759. 

in  tapes,  282. 
Tents,  coat  and  mfrs.  of — ,  993. 
Teredo,  954. 
Terne  plates,  916. 
Terra-cotta  pipes,  575. 
Test,  Tests.     See  Reauirements. 

bending — ,  iron  ana  steel,  873. 

borings,  582,  670,  etc. 

of  cement. 

Am.  Soc.  C.  E.,  937. 
U.  S.  Eng'rs,  940. 

of  completed  bridges,  753. 

of  fuU-siae  eye-bars,   753. 

-pieces,  iron  and  steel,  870. 

of   surveying    instruments,    293, 
etc. 
Testing  machine  for  cements,  941. 
Tetrahedron,  194. 
Thawing,    eflfect   of —  on  cement, 

932 
Theodolite.  296. 
Thermometers,  318. 
Thimble,  defined,   1036. 
Thin  partition,  flow  through — ^  541. 
Third, 

middle—.   402. 

proportional,  38. 
Three, 

rule  of — ,  39. 

-throw  switch,  830. 
Throat  of  frog,  835. 
Through  trusses,  692. 
Throw, 

defined.  1036. 

of  switch,  827. 
Thrust, 

in  arch.  430,  432. 

line.  430.  432,  434-436. 
Tides,  328. 
Tie,  Ties. 

cost  of — ,  994. 

cross—,  815,  855. 

Iknd— .  612. 

plates,  816. 

and  struts,    criterion  for — ,  369, 
699. 

in  trusses,  689. 
Timber.     See  also  Wood,  Wooden, 
etc. 

beams,  760.  762,  764.  959.  962. 

bled — .  strength,  957. 

board  measure,  table,  269. 

bridges.  732-740. 

cohesive  strength.  957. 

columns,  963,  etc. 

compressibility.  459. 

compressive  strength.  958. 

cost,  984. 

crushing  strength.  958. 

dams.  642. 

decay  of — .  954. 

ductility,  459. 


Timber — continued, 
elastic  limit,  459. 
friction,  411. 

i'oints,  733,  etc. 
imit,  elastic — ,  459. 

modulus  of  elasticity.  459. 

pillars,  761.  764,  963,  etc. 

preservation,  954. 

requirements,  754,  760,  764. 

roof  trusses,  716,  732,  742. 

shearing  strength.  499. 

strength,  476,  499,  500.  760,  764. 
957.  958. 

stresses  in—.  760.  764. 

stretch,   459, 

tensile  strength,  957. 

for  ties,  815. 

torsional  strength,  500. 

transverse    strength,  476. 

trestles,  813. 

turntables,  848. 

weight,  212. 
Time,  265. 

effect   of — ,   on   strength  of  ce- 
ments. 932. 

local—    287. 

-piece,  to  regulate —  by  stars,  266. 

standard  railway — ,  267. 

units  of — .  conversion  of — ^  236. 
Tin,  916. 

elastic  limit,  etc.,  459. 

expansion  by  heat,  317. 

leaded—   916. 

roofing—.   916. 

strength,  920,  921. 

weight.  215,  877. 
Tinned  steel-plates,  916. 
Toe  of  switch,  825,  828,  839. 
Toggle  joint,  427. 
Ton.  216,  220. 

of  coal,  volume  of — .  215,  222. 

(2240  lbs.),  equivalents  of—,  236. 

-mile,  867. 

net—,  216. 
Tonelada.   227. 
Tongue, 

of  frog,  834. 

switch.  828. 
Tonite,  951. 

Tonnage  rating  of  locomotives.  862. 
Tonne,  or  metric  ton.  equivalents 

of—,  236. 
Tools,  wear  of — .  801. 
Top  heading,  812. 
Torpedoes,  nitro-glycerine — ,  948. 
Torsion,  499. 
Towers, 

of  suspension  bridges,  768.  770. 

valve—,  652. 
Towne  lattice  truss,  694. 
Tracing  cloth  and  paper,  978. 
Track.    See  Rail. 

giuge,  827. 
ying,  cost,  855. 
scales,   854. 
tank.   853. 

trough.  §5^^.^^  ^y  Google 
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Tmetion,  663. 

of  oars,  860. 

on  grades,  860. 

of  horses.  683,  685. 

of  locomotives,  860. 
TraUing  switch,  824. 
Irain, 

centrifuisal  force  of — ,  758. 

drag  of —  on  bridge,  758. 

earthwork  by — ,  807. 

-ehed  roof.  Broad  St.,  Phila.,  740. 
Transformation  of  profile,  611. 
Transit,  Transits, 

the  engineer's,  291. 
cost  and  mfrs.,  093. 
Transmission, 

of  force,  358. 

of  pressure  in  liquids,  506. 
Transportation   of   bridges,    743. 
Transverse 

and    longitudinal   stresses    com- 
bined, 493,  724,  762. 

strength,  466. 
of  concrete,  945. 
Trap  rock,  weight,  214. 
Trapesium.  158. 

center  of  gravity,  392. 
Trapesoid,  158. 

center  of  gravity,  392. 
Trapesoidal  notch,  559. 
Tread 

-wheel,  590.  686. 

of  wheel,  821. 
Trees,  blasting  of — ,  950. 
Trembling  of  dams,  648. 
Tremie,   946. 

Trenching  machine,  mfrs.  of — ,  992. 
Trenton  wire  gauge,  891. 
Trestles,  813. 
Triangle,  Triangles,  148. 

in  or  about  a  circle,  161. 

element  of  truss,  690. 

force—,  367. 

mensuration  of — ,  148. 

right-angled — ,  150. 
Triangular  truss.  692. 
Trigonometric  functions,  97, 98,  etc. 

logarithmic,  72. 
Trigonometry,  plane — .   150. 
Trimmer,  defined,  1037. 
Trip-hammer,  defined,  1037. 
Tripod,  292. 
Trough 

floors.  721,  760.  914. 

flow  tnrough — ,  644. 

track—,  853. 
Troy  weight,  220. 
True  or  apparent  solar  time,  265. 
Trundle,  defined.  1037. 
Trunnion,  friction  of — ,  416. 
Truss.  Trusses,  689. 

and  beams,  comparison,  689. 

bracing  in — ,  691,  710,  748. 

for  centers.  636,  etc. 

counterbracing,  690, 705,  712, 721. 
738,  746. 

diagonals,  to  find  lengths  of— ,160. 


Truss,  Trusses — continued. 

end  reactions,  439.  699,  702,  714 

equilibrium  of — ,  437. 

forces  acting  upon — ,  437. 

loads  on — ,  moving — , 
See  Loads,  live — . 

members,  stresses  in — ,  698. 

moments  in — ,  440.  443. 

moving  loads  on — , 
See  Loads,  live — . 

rafters  of — ,  691,  713,  etc. 

reactions,  439. 

roof — , 

loads  on — ,  764. 
specifications  for — ,  764. 

specifications  for — ,  745. 

in  suspension  bridges.  765. 

weights  of—.  731.  738. 
Tube,  Tubes.    See  also  Pipes,  flow, 
etc. 

boiler — ,  882. 

brass  seamless  drawn — ,  919. 

bubble — ,  to  replace — ,  296. 

copper  seamless  drawn — ,  919. 

flow  in — ,  516. 

iron — ,  882. 

Pitot's— ,  536,  561. 

pressure  of  water  in — ,  511,  518. 

seamless — ,  919. 

short-^,  flow  through — ,  640. 

welded—,   882. 
Tumbling  lever.  826,  830,  833. 
Tun.  216. 
Tunnel,  812. 
Turbines,  mfrs.,  990. 
Turf,  weight.  215. 
Tumbuckle,  Tumbuckles,  986. 
Turnouts,  824,  839. 
Turnpike,  grades  on — ,  255. 
Turntables,  844. 
Turpentine,  957,  972. 
Twaddell  hydrometer,  211. 
Tympan,  687. 
Typical  wheel  loads,  705,  etc.,  755, 

etc. 

u. 

U.  S.    See  United  States. 
Undecagon,  148. 
Underpm.  defined,   1037. 
Un^la,  cylindric— ,   199.  397. 
Uniform, 
live  load,  705. 
loads, 

deflections,  485. 
influence  diagram.  703. 
moments  due  to — ,  444. 
shears  in  beams  due  to,  447. 
strength,  beams  and  cantilevers, 

486. 
velocity,   331. 
Unit,  Units, 

of  force,  338,  358. 
of  measures,   weights,  etc.,  co' 
version  tables  of — ,  228. 
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Unit.  Units — continued. 

of  moment  of  inertia,  468. 

pressures,  conversion  of — ,  240. 

of  rate  of  work,  342. 

stress.     See  Stress,  unit — . 

stretch.     See  Stretch,  unit — . 

of  work,  341. 
United  States, 

average  precipitation  in — ,  322. 

coins,  219. 

gallon.    See  Gallon. 

measures,  223. 

railroad  statistics,  867. 

standard  dimensions  of  bolts,  etc., 
883. 
Unstable  equilibrium.  387,  514. 
Unsymmetrical  loading,  690. 
Upper  chord,  723.  733. 
Upper  culmination,  284. 
Upset  rods,  886. 
Ursa  minor  and  major,  285. 


Vacuum       process       for       sinking 

cylinders,  596. 
Value, 

per  length,  surface,  time,  volume, 
weight,  work,  etc.,  conversion 
of  units  of — .  See  Conversion 
tables.  246.  etc. 

present,  42,  44. 
Valve,  Valves, 

air—.  662. 

cost  and  mfrs.,  995. 

defined,   1037. 

four-way — ,  667. 

outlet—,  653. 

stop—,  666. 

tower — ,  652. 

for  water-pipes,'  666. 
Vara,  227. 
Variation, 

of  compass.  301. 

line  of  no—.  300. 

magnetic,  301. 

vernier,   296. 
Vegetation 

in  reservoirs,  652. 
Vehicles,  friction,  414. 
Vein, 

contracted — ,  541. 
Velocity,  Velocities, 

of  abrasion,  577. 

accelerated — ,  331. 

through  adjutages,  540. 

affected  by  material  of  pipes, 
523. 

angular — ,  351. 

of  approach,  666. 

in  channels,  560. 

Kutter's  formula,  563,  564. 

defined,  331. 

due  to  a  given  head.  539. 

effect  of —  on  friction,  412. 


Velocity,  Velocities — continued. 

equivalent  to  discharge  per  sur- 
face, 253. 

of  falling  bodies,  348,  539. 

head.  516. 

for  a  given  velocity,  to  find — , 
527. 

on  inclined  planes.  349. 

Kutter's  formula,  523,  563,  564. 

material    of    pipe,    effect    on — , 
523. 

mean — ,  622,  560. 

through  orifices,  539,  546. 

of  outflow,  539. 

in  pipes,  516,  etc. 

retarded — ,  331. 

in  rivers,  560. 

in  sewers,  574. 

in  short  tubes,  540. 

of  sound,  316. 

theoretical — .  of  outflow,  639. 

uniform — ,  331. 

units  of — ,  conversion  of — ,  242. 

of  wind.  321. 
Vena  contracts,  541. 
Ventilation, 

air,  quantity  required,  320. 

of  tunnels,  812. 
Venturi  meter,  532,  etc. 
Vernier,  293. 

variation — ,  296. 
Versed  sines,  97. 
Verst,  227. 
Vertical,  Verticals, 

of  buoyancy,  514. 

circle,  astronomy,  284. 

defined,  92. 

of  equilibrium,  614. 

of  flotation,  514. 
Vessel,  Vessels, 

air — ,  663. 

contents  of — ,  198,  223. 

floatinjs— ,  514,  515. 

metallic — ,  effect  of  water  on — , 
327,  917. 
Viaduct,  Viaducts.      See   Trestles, 
and  Trusses. 

erection,  743. 
Vibrating  bodies,  350. 
Vibration,  360. 
Vinculum,  svmbol,  33. 
Virtual  head.  539,  578. 
Vis  viva,  343. 
Voids, 

in  broken  stone.  688,  943. 

in  concrete.  943. 

in  rubble.  799,  925. 

in  sand.  214,  935. 
Volume,  Volumes, 

of  air,  weights  of — ,  conversion 
of—.  242. 

equivalent  depths.  251. 

increase  of —  of  stone.  943. 

occupied  by  coal,  215. 

unit — ,  conversion  of — .  234. 

of  water,  weights  of — ,  241. 
Voussoir,  613.    C^r-ir\n]o 
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Wagons,  friction,  414. 
Wales,  defined,  1037. 
Wall.  Walls, 

backing  of—,  603. 

battered,  605. 

bricks,  number  in  a  sq.  ft.  of — , 
925-927. 

cost.  601,  602. 

dams,  508. 

face — ,  603. 

foundations  for — ,  682. 

incrustation  of — ,  929,  936. 

to  resist  water  pressure,  506. 

retaining — ,  603. 

soap-wash  for — ,  928. 

spandrel — .  613. 

stability  of—,  508,  606. 

surcharged — ,  605,  etc. 

water, 

to  render  impervious  to,  928. 
to  resist  pressure  of — ,  508. 

wharf—.  515,  611. 

wing — ,  624. 
Walnut, 

strength,  476,  957.  958. 

weight,  215. 
Warp,  defined.  1037. 
Warren  truss,  692. 
Washers,  883. 

defined,  1037. 

lock-nut  or  nut  lock,  885. 
Washes  for  walls,  928,  972. 
Waste  of  water,  649. 
Waste-weir, 

defined,   1037. 

for  reservoirs,  652. 
Watch,  to  regulate — ,  by  the  stars, 

266. 
Water.  326.     See  also  Pipes,  Flow, 
etc. 

for  boilers,  327. 

boiling — ,     to     measure     heights 
by—,  314. 

brick  work,  to  render  impervious 
to—,  928. 

buoyancy,  513. 

in  cement,  932.  936.  938.  941. 

cisterns,  512,  851-854. 

column,  852. 

compensation.    653. 

composition  of — ,  326. 

compressibility,  326. 

in  concrete.  944. 

concrete  under — ,  946. 

consumption  of — ,  649. 

corrosion  by — ,  327,  594. 

dams  for — .  508,  642. 

discharge.     See  Discharge. 

e£Fect  on 

cement.  932.  936,  938,  941. 
dynamite,  950. 
iron,  327,  594. 
lime,  925.  926. 

e£Fect  of  zinc  on — .  328.  917. 

evaporation,  329. 


;— Wait. 

Water — continued, 
for  fire  protection.  650. 
flow  of — .     See  Flow, 
foot  of — .  etc.  (pressure),  equiva- 
lents of — .  240. 
foundations  in — ,  583. 
freezing  of — ,  326,  328. 
gates,  666. 

head  of—.  258-260,  516. 
horse-power,  578. 
jet  for  pile-driving,  595. 
leakage,  329,  561.  642.  649.  651. 
for  locomotives.  327.  852. 
masonry,    to    render   impervious 

to—,  928. 
meters.  532.  536.  562,  649. 

cost  and  mfrs.,  994. 
motors,  mfrs.,  990. 
pipe,  prevention  of  bursting  of — , 

by  freezing,  665. 
in    pipes.      See    Pipes,    Velocity, 

Flow,  Discharge.  Pressure,  etc. 
pipes.  653.  etc..  etc. 

cost  of—,  658. 
power.  578. 
pressure.  501.  etc.,  518. 

in  cylinders,  511. 

in  pipes,  511.  518. 

plank,  to  resist — .  586,  648. 

running — ,  678. 

still—,  501,  etc. 

on  surfaces.  501.  etc.  • 

wall  to  resist — .  508. 
rain—,  322.  327. 
ram.  613.  663,  668. 
resistance  to  moving  bodies,  578. 
running — .  pressure,  578. 
salt — ,  effect  on  metab.  327,  594. 
scouring  action.  577. 
shed,  defined,  1038. 
size  of  commercial  measures  by 

weight  of — ,  224. 
stations,  851. 
storage  of — ,  650,  etc. 
supply—,  322.  649. 
tank,  thicknesses,  854. 
traction  on — ,  683. 
in  tubes,  flow  of — .  516. 
velocity.    See  Velocity, 
volumes  of  unit  weight  of — .  con- 
version of — .  242. 
walls,  to  render  impervious  to — , 

928. 
walls  to  resist  pressure  of — ,  508, 

515. 
waste  of — ,  649. 

way,  contraction  of — ,  675,  623. 
weight,  241,  326. 

in  pipes.  525. 

size    of    commercial    measures 
by—    224. 
wheel,  578. 
works,  649. 

depreciation,  45. 
Watt. 

equivalents  of — ,  245. 

-hour,   equivalents  of — .   237. 
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Wax,  weight,  215. 
Way, 

permanent — ,  815. 

station,  cost,  854. 
Wear, 

of  cars,  865. 

of  locomotives,  864. 

of  ties,  815. 

of  tools,  801. 
Web.  Webs, 

members,  689. 

in  plate  girders,  748. 

plates,  permissible  shear,  762. 

stresses,  702. 
live  load — ,  706. 
Wedge,  Wedges, 

mensuration  of — ,  203. 

striking — ,  for  centers,  631,  632, 
640. 
Week,  236,  266. 

Weight,  Weijshts.     See  also  article 
m  question,  212. 
•  of  air,  320. 

conversion    of    unit    volumes, 
242. 

of  beams, 
compared,  478. 
as  load,  477. 

of  bridges,  731,  738. 

of  cement,  939. 

of  centers  for  arches,  639. 

on  driving  wheels,  705,  etc..  755, 
etc..  856. 

French — ,  old — ,  226. 

in  levers,  419. 

and  measures,  216. 

conversion  tables  of  units  of — , 
228. 

metric—',  217,  226.  228,  etc. 

of  roof  covering,  713. 

of  roof  trusses,  713. 

Russian—,  227. 

of  snow.  323. 

Spanish—;  227. 

of  steel  railroad  bridges,  731. 

of   substances,   table,   212.     See 
also  the  article  in  question. 

unit — ,  conversion  of—,  235. 

of  water  in  pii>es,  525. 

of  wooden  bridges,  738. 
Weir,  547. 

dischar^,  formule  for — ,  549. 

measurmg — ,  547,  646. 

submerged — ,  554. 
WeU,  Wens, 

artesian — ,  671. 

boring,  670. 

contents,  197. 

machinery,  mfrs.,  992. 

masonry,  quantity  in  walls,  198. 
Wellhouse  process,  955. 
Western  elongation,  284. 
Westing,  274. 
Wet  perimeter,  623,  563. 
Wheel,  Wheels, 

barrows,    earthwork  by — ,    803, 
810. 


Wheel,  Wheels — continued. 

base,  787,  789.  866,  1038. 

centrifugal  force,  355. 

diagram,  706. 

driving — ,  856. 

loads  on — ,  705,  etc.,  756,  etc., 
856-859. 

guards,  750. 
'    loads,    706,  etc.,   755,  etc.,  866- 
859. 

of  locomotives,  856. 

loads  on — ,  705,  etc.,  755,  etc., 
856-859. 

meters,  662. 

Persian — ,  687. 

and  pinions,  420. 

skidding  of — .  413. 

tread—,  590.  686. 

tread  of — ,  821. 

water — ,  678. 
Wheeled  scrapers,  805. 
Whipple  truss,  694. 
White 

effervescence   on  walls,  929,  936. 

lead  paint,  971. 

wash,  973. 
Whitworth  screw  thread,  etc.,  883. 
Winch,  686. 
Wind,  321. 

effect  on  suspension  bridges,  766. 

loads,  710. 

mills,  852. 

pressure  on  roofs,  321. 

on  roof  trusses,  713. 

stresses,  710,  758. 
Wine  measure,  223,  224. 
Wing, 

dam,  defined,  1038. 

defined,  1038. 

of  frog,  834. 

walls,  624. 
Wire,  887-891. 

circtilar  measurement  of — ,  889. 

cost  and  mfrs.,  987. 

fence,  854. 

gauges,  887-891. 

u-on- ,  891. 
•  rope,  976,  977. 

steel—,  891. 

strength,  920. 
WOhleTs  law,  465. 
Wood. 

See  Timber,  Wooden,  eto. 

board  measure,  table,  269. 

cohesive  strength,  967. 

compressibility,  459. 

compressive  strength,  958. 

cost.  984. 

crushing  strength,  958. 

ductility,  469. 

effect  of  lime  on — ,  926. 

effect  of  mortar  on — ,  926. 

elastic  limit  of — ,  459. 

friction,  411. 

limit  of  elasticity,  459.. 

modulus  of  elasticity,  469. 

pipe,  cost,  995.  ( 
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Wood — continued. 

shearing  strength,  499. 

shingles.  971. 

specific  gravity,  212. 

strength,  476,  499,  600,  760.  764. 
967,  968. 

stretch  of — ,  469. 

tensile  strength,  967. 

torsional  strength.  600. 

transverse  strength,  476. 

weight,  211. 
Wooden.     See  also  Wood. 

beams.  See  Beams,  wooden — ,  476. 

bridges,  732,  etc. 
specifications  for — ,  763. 

dams,  642.  etc. 

floors  in  bridges,  760. 

joints,  734. 

pillars,  761,  764,  963. 
•    pipes,  657. 

roof  trusses,  716,  742. 

trestles,  813. 

turntables.  848. 
Work,  341. 

equivalence  of — ,  trusses,  718. 

of  friction,  418. 

and    heat,    conversion    of    units 
of—,  237. 

of  overturning,  422. 

per  time  [jwwerl   conversion  of 
units  of — ,  244. 

imits  of — ,  341. 

useful — ,   342. 
Working  beam,  defined,  1038. 
Worm, 

defined.   1038. 

fence,  864. 

sea — ,  964. 
Worth,  present-^.  42,  44. 
Wrecking  car,  808. 
Wrought  iron.    See  Iron,  wrought—. 

pillars,  breaking  loads.  910. 


Y. 


Yard,  Yards,  216.  220. 

cubic — , 

of  earthwork,  790. 
e9uivalents  of — ,  222. 

equivalents  of — ,  232. 
Year, 

civil — ,  266. 

equivalents  of — ,  236. 

sidereal — ,  266. 
Yield  point,  469,  871,  873. 


z. 

Z-bars,  901-903. 

flooring,  914. 
Zenith,  284. 
Zigzag  riveting,  774. 
Zinc,  916. 

cost,  987. 

effect    of   cement,    mortar,  ete., 
on—,  926,  936. 

effect  of —  on  water,  917. 

effect  of  water  on — ,  328. 

expansion  of —  by  heat,  317. 

paint,  971. 

paint  on — ,  880. 

price,  987. 

roofing,   916. 

sheets,  916. 

strength,  920. 

compressive — ,  921. 

weight.  216.  876,  877,  878,  887. 
Zone.  Zones. 

circular — ,  186. 

of  circular  spindle.  209. 

parabolic — ,  192. 

spherical — ,  208. 
center  of  gravity  of — ,  396. 
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LOCOMOTIVES 
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NOTES  ON  TRACK 

By  W.  M.  CAMP,  H.  Am.  Soc.  C  E. 

AN  EXHAUSTIVE  TREATMENT  OF  TRACK  COf^TRVCTION 
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''The  Engineering  Magazine'*  con- 
tains monthly  a  full  descriptive  index  to 
the  current  contents  of  nearly  two  hundred 
of  the  leading  engineering  periodicals  of 
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THE  ASSOCIATION  OF  ENGINEERING  SOCIETIES 

ORGANIZBO  IN  Z88l,  NOW  COMPRISBS  BLBVBN  SOCIBTIBS,  AS  FOLLOWS : 


TeehBleal  Society  of  the  Paelfle  Coail, 
Detroit  Engineering  Soeiety, 
Engineen*  Soeletj  of  Western  Hew 

Tort^ 
liOnisiana  Engineering  Society. 
Toledo  Sodoty  of  Engineen. 


Boston  Society  of  Ctrll  Engineers. 
Ciril  Engineers'  Clnb  of  CleTelsnd^ 
Engineers*  dnb  of  St.  Lonbu 
€iTil  Engineers'  Society  of  St.  Pral, 
Engineers'  Clnb  of  Minneapolis^ 
Hontuu  Society  of  aril  Engineers, 

In  the  map,  each  Society  is  represented  by  one  dot  for  each  one  hundred 
members  or  fraction  thereof  over  $fty. 

THE  JOURMAL  OF  THE  ASSOGATION 

issued  monthly,   contains  the  proceedings  and    selected   papers   of  these 
■leven  En^neerliigr  Soeietles. 

■■irln««i*f  ny  News,  in  its  editorial  of  November  8,  1894,  says : 
"Among  the  bound  volumes  of  the  proceedings  of  engineering  societies 
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THE  VENTURI  METER 
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meastsring  largfe  quantities  of  water 

ITS  ACCURACY  is  ti nqtiestioned^  and  it  is  frequently 
employed  to  test  the  accuracy  of  pumps* 

NO  B Y-P ASS  is  necessary^  and  the  cost  of  teesr  elbows 
and  gate-valve  is  avoided* 


VENTURI 
METIL 


'builders  IRON  FOUNDKY.! 
PROVIDEHCt.  R.I. 
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,  6to60inches  diam. 
^Larger  Sizes  to  Ordet 


One  dty^  has  two  Venttsris  on  60-inch  mains  and  fifty-three 
Venturis  on  mains  from  S  to  48  inches  in  diameter* 

Pages  532  to  535  of  this  book  describe  the  scientific  principles 
npon  which  these  meters  are  based.  Pamphlets  fully  describ- 
ing the  construction  of  the  meters  mailed  upon  application. 
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Securing  the  services  of  only  the  best  men  is  recognized 
throughout  the  world  as  the  only  means  of  keeping  in  the  front 
rank  in  the  business  wcM-ld.  No  profession  or  business  requires 
a  more  strict  adherence  to  this  rule  than  that  of  engineering. 
Men  of  tried  experience  want  to  work  for  firms-  who  offer 
better  opportunides  and  responsibilides.  Those  engaging,  or 
ever  intending  to  engage,  the  very  best  technical  help  should  not 
foil  to  write  our  ''Situation  Wanted'*  advertisers,  and,  if  time 
allows,  to  advertise  for  fiirther  names  in  our  '«Simation  Open" 
columns. 

Rate  for  "Simation  Open"  advertisements,  3  cents  a 
word,  set  solid. 

Subscription,  $S»oo  a  year;  ^2.56  six  months. 


ENGINEERING 

220  Broadway, 
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AlESCHEN^cSONSROPEG 

--.   .ST. LOU  IS, MO. 

NEWYORK.  DENVER.SEATTLE. CHICAGO. 


'  V  AERIAL  WIRE  ROPE  V^^^i^ 


TRAMWAYS 

DOUBLE  ANo  SINGLE 
ROPE    SYSTEMS 


UNDERGROUND.SURFACE    fi 

andInclinewire  rope 

HAULAGE 


SOLE      MANUFACTURERS 

PATENT   FLATTENED  STRAND 

"HERCULES 

(trade   mark  registere  d) 


WIREROPE 

ALSO  WrRE  ROPE  OF  EVERY  DESCRIPTION 

ALLGENUINE  HERCULES  WIRE  ROPE  HAS  ONE  COLORED  STRAND 
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NOW  READY 
Wiley's  1906  Catalogue  of 

TBXT. BOOKS  AND 
INDUSTRIAL  WORKS 

Tar  Schools,  Colleges,  Poly- 
technic Institutes,  Engineers, 
Architects,  Chemists*  Mili- 
tary and  Naval  Officers,  etc. 

Agriculture  Qvil  Engineering  Mechanical  Engineering 
ArclUtecture             Hydraulics  Materiab  of  Ei^glneering 

Army  and  Navy  Materials  of  Engineering    Steam  Engines,  Boilers 

Assaying  Railway  Engineering  Mechanics  and  Machinery 

Astronomy  Drawing  Metallui^gy 

Botany  Electricity  and  Physics  Mfaieralogy 

Chemistry  Law  Mining 

Civil  Engineering  Manufactures  S&nitary  Science 

Bridges  and  Roofs  Mathematics  Miscellaneous 


This  Catalog  u€  bvitt  bm  atit  ^rmm  by  mail  en  fqu9Ji 


The  foUowing  aectloiis  are  to  be  had  separately  t 

Assayinj{,  Metallurjy,  Mineralogy  and  Mlninj{,  Chemistry,  Qvil 
Enjineerinj  including  Bridges  and  Roofs,  Hydraulics,  Materials 
of  Engineering,  Railway  Engineering,  Drawing  including  Kine* 
matics.  Machine  Designs. 


JOHN  WILEY  &  SONS 

43-45  East  19th  Si.,  New  York 
London  t  Chapman  &  Hall,  Limited 


1906 
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thechicago  improved  cube  concrete  mixer 

holds  the  entire  batch  together  in 
mixing  in  a  single  mass;  it  is  all 
thoroughly  mixed  together  and  the 
form  of  the  mixing  drum  is  such  that 
there  is  no  angle  of  repose  for 
the  contents. 

Sizes  and  mountings  for  every 
requirement. 

Municipal  Engineering 
and  Contracting  Co. 

General  Offices 
607-611  Railway  Exchange 

Chicago,  U  S.  A.  m  /  i  1  ,» 

New  York  Office,  150  Nassau  St.  -  ^  jj^      Write  for  Catalogue  No.  31 


Reclaim  the  Swamp8 

AND  ARID   LAND^ 

Worthless  lands  are  now  made 
the  garden  spots  of  the  country  at 
small   expense  with   the 

AUSTIN  DRAINAGE  EXCAVATOR 

It  works  on  an  entirely  new  and 
economical  principle. 

Sizes  for  both  ditching  and  levee 
building. 

Write  for  Catalogue  No.  K. 
General  Offices 
607-611  Railway  Ex  ,  Chicago.  III. 

New  York  Office.  155  Nassau  St. 


KUTTBR'S  FORMULA. 

THE  ONLY  TRANSLATION  OF 
QANQUILLBT  AND  KUTTER'S 

"Versuoh  zur  Aufstellungr  einer  neuen  allgremelnen 

Pormel  fur  die  grleichfdrmlge  Bewegrungr  dee 

Wassers  in  Canalen  und  PlUssen," 

which  is  the  only  work  treating  ftiUy  of  KUTTEB'S  FOBMULA, 
and  explaining  its  derivation. 

By  TlTJTy01L.^J^   HERINQ-, 

M.  Am.  80c.  C.  E.,  M.  Inst.  C.  B., 

AND 
JOHN-  C.  TRA.UTWINK,  Jr., 

Assoc.  Am.  80c.  C.  E.,  Assoc.  Inst.  C.  E., 

with  a  Preface  by  the  authors,  many  original  Appendices  and  Ilhistrations, 
and  an  entirely  new  and  very  comprehensive  Table  of  Experiments  upon 
flow  in  channels  and  in  pipes 

SBCOND   BDITION, 


240  PAffes,  with  Eight  FoltLinff  Pltttas,  and  many 
other  Illustrations,  $4.00. 


JOHN  WILEY  &  SONS,  Scientific  Publfshera, 
43  AWD  45  E.  NINETEENTH  STREET,  NEW  YORK. 
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ENGINEERING  WORKS 


or 

JOHN  C  TRAUTWINE 

aVIL  ENCaNEER 

The  Civil  Engineer"^ 
Pocket  Book 

12mo»  832  pajes.    Illustrated.    Morocco,  Gilt  Ed je.  Eighteenth 
Edition,  Eijhty-fourth  Thousand.  1906,  -         -        $5.00 


The  Field  Practice  of  Laying  Out 
Circular  Curves  for  Railroads 

Thirteenth  Edition,  1903 

12mo,  192  pajes.    Illustrated.     Morocco,  Gilt  Ed je,    •   $2.50 


A  Method  of  Calculating  the  Contents  of 
Excavations  and  Embankments 

8vo,  71  pa  jes.    Illustrated.    Cloth,  Eleventh  Edition,  1903,  $2.00 
JOHN  WILEY  &  SONS,  Scientific  Publishers 

43  and  45  E.  Nineteenth  SkUt 

NEW  YORK.     g'^'zedbyVjOOglC 


THE    LARGEST    WATER    METER 
MANUFACTURERS    IN    THE    WORLD 


CROWN,  EMPIRE, 
NASH,  GEM,  AND 
P  R  E  M    I    E  R 


WATER  METERS 


National  Meter  Company 


JOHN  C.  KELLEY,  President 


NEW  YORK 

BOSTON 

CHICAGO 

LONDON 
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CHICAGO 


A  Journal  of 

Railway  Transportation 

for 

Railway  Managers 
Railway  Engineers 
Manufacturers  and 
Dealers  in  Railway 
Equipment  and  Supplies 


Published  Every  Friday 

Subscription  Price 

$4.00  Domestic 
$6,00  Foreign 


I'S^^illdOJl^ 


CHICAGO 

Digitized  by  VjOOQIC 


SUPLEE'S 

MECHANICAL  ENGINEER'S 

REFERENCE  BOOK 

Second  Edition 
A  HAND-BOOK  OF 

TABLES,  FORMULAS,  AND   METHODS 

FOR  ENGINEERS,  STUDENTS,  AND  DRAFTSMEN 
BY 

HENRY  HARRISON  SUPLEE,  B.Sc.,M.E. 

MRlfB^R  AMBRXCAN  SOCXBTT  OF  MBCHAN1CAL  BMQIMBBRS 

MBMBRB  DB  LA  SOCtl^T^  DBS  XNGfiNIBtTRS  CIVILS  DB  FKANCB 

MITGLXBD  DBS  VBRBINBS  DBVTSCHBR   INGBNIBURB 

MBMBBR  OF  THB  FRANKLIN  INSTITUTB 


EVER  SEE  ONE   WITH  THUMB   INDEX? 

$/?  00  ^^'^-     S^  ADDITIONAL^   PATENT 
iJ*  THUMB   INDEX. 

L    The  latest  on  the  market.  >^ 

The  arrangement  of  the  matter     ^  ^ 
unexcelled  and  amply  illustrated. 

n.    That    Mathematics    has   more  space 

than  in  any  other  similar  reference  book 
in  English. 

111.    The  subject  of  Machine  Design  is  amply  treated. 

J.  B.  LIPPINCOTT  COMPANY 
PHILADELPHIA 
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CHAPMAN  VALVE  MFG.  COMPANY 

MANUFACTURERS  OF 

VALVES  AND  SLUICE  GATES 

Are  prepared  to  furnish  reliable  information 
and  estimates  regarding  Valves  for  Steam  Power 
Plants,  Traction  and  Lighting  Power  Stations^ 
Steam  Ships,.  Plumbing  and  Steam  Heating, 
Water  Works  and  Fire  Protection  Systems,  Re- 
frigerating Plants,  Compressed  Air  and  Hydraulic 
Systems,  Blast  Furnaces  and  Steel  Mills,  Gas 
Works.    . 

ELECTRICALLY  OPERATED  VALVES. 
FIRE  HYDRANTS. 

Designed  upon  engineering  principles  and 
accurately  constructed  of  the  highest  grade 
materials,  especially  adapted  to  fluids  to  be 
controlled. 

GENERAL  OFFICE  AND  WORKS 

INDIAN  ORCHARD,  MASS.,  U.S.A. 

BRANCHES 
BOSTON,  94  Pearl  Street 

NEW  YORK,  28  Piatt  Str««t 

PH I  LA  D  E  LPH I A ,      1 8  N .  Seventh  Straet 
CHICAGO,  1628  Monadnook  Blook 

CLEVELAND,  97  Superior  Street 

ST.  LOUIS,  1610  Chemioal  Building 

SAN  FRANCISCO,  63  First  Street 
PITTSBURGH,  914  Farmera  Bank  Building 


CATALOQUC  ON  APPLICATION 
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MORRIS,  WHEELER  L  CO. 

1608  Market  Street.  PHILADELPHIA 

39  CortUndt  Street,  NEW  YORK 


BARS.  BEANS.  CHANNELS  AND  SHAPES 

Sheared  OLnd  Universal  Mill  Plates 

of  Iron  and  Steel 

For  Ships,  Boilers  ek.r\d  Bridges 

Iron  and  Steel  of  All  Descriptions 
Iron  and  Steel  Boiler  Tubes 


Large  and  tOelUaststorfrnd  SfoeK.  alfavaya    in    Warehouse 

BAZIN'S  WEIR  EXPERIMENTS. 

Recent  Eiperments  on  tbe  Flow  of  Water  orer  Weirs,  etc 

By  M.  BAZIN, 

Inspector-General  des  Pontt  et  Chauttdes. 

TRANSLATED  FROM  ANNALES  DES  FONTS  ET  GHAUSSlSS^ 

By  ARTHUR  MARICHAL  and  JOHN  C.  TRAUTWINE,  Jr. 

PUBLISHED  IN  THE 

Proceedings  of  the  Engineers'  Club  of  Philadelphia, 
EXPERIMENTS 

UPON 

CONTRACTION  OF  THE  LIQUID  VEIN 
ISSUING  FROM  AN  ORIFICE, 

•      AND  UPON  THE 

Distribtition  of  the  Velocities  Within  It. 

By  K.  BA.ZIN-, 

-  Inspeoteur  Q4&6ral  des  Fonts  et  Ohauss^ 

T»antUt«l  bf  JOHN  C.  TRAUTWINE»  Jr..  C.  E. 
JOHN  WILEY  A  SONS,  Scientific  Publishers^ 

43  AND  45  E.  NINETEENTH  ST.,  NEW  YORK. 
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Black-Line 
Prints 

FROM  TRACINGS 
Pennanent  lj|^l.dv  (not  purple)  lines 

on 

W  l\  1X6  (»^ot  gray)  ground 

Enlarged  Facilities 
Price  Reduced 

SEND  FOR  SAMPLE 

FRANCIS  LE  CLERE 
21  N.  Thirteenth  St.,  Philadelphia 
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DEXTER 

PORTLAND 
CEMENT 

The  Highest  Standard  Attainable 
SOLE   AGENTS 

Samuel  H.  French  &  Co. 

York  Ave.,  Pourth  and  Callowhill  Sts. 
Established  1844  PHILADELPHIA 
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